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REVIEW

MYCOPHENOLATE MOFETIL — A NEW ATHEROPREVENTIVE DRUG?

WIOLETTA OLEJARZ, DOROTA BRYK and DANUTA ZAPOLSKA-DOWNAR¥*

Department of Biochemistry and Clinical Chemistry, Warsaw Medical University,
1 Banacha St., 02-097 Warszawa, Poland

Abstract: Atherosclerosis is a form of chronic inflammation in which endothelial cell dysfunction, fibroprolif-
erative process, oxidative stress and inflammatory cell activation are linked to plaque development and desta-
bilization. T-lymphocytes also play a key role in pathogenesis of atherosclerosis. As a consequence, the sug-
gested concept that modulation of an immunological response could be an appropriate target in the prevention
of cardiovascular disease, is an important focus of research. Mycophenolate mofetil (MMF) is an inhibitor of
inosine monophosphate dehydrogenase (IMPDH), that exerts anti-proliferative and pro-apototic effects, partic-
ularly on activated T-lymphocytes. MMF has other anti-atherogenic effects at the level of endothelial cells,
monocytes/macrophages, smooth muscle cells and dendritic cells. In addition, MMF exhibits anti-oxidative
properties. The present review paper provides an overview about the mechanisms of anti-atherosclerotic prop-

erties of MMF.

Keywords: atherosclerosis, mycophenolate mofetil, endothelium, monocyte/macrophage, T-lymphocyte, adhe-

sion molecules, oxidative stress

Atherosclerosis, which causes cardiovascular
diseases, is a specific form of chronic inflammation.
Atherosclerosis is modified by lipid disorders, oxida-
tive stress and the fibroproliferative process.
Endothelium dysfunction plays a key role in the ini-
tiation as well as in the progression of atherosclero-
sis. Moreover, of great importance is that atheroscle-
rosis has both an innate and adaptive defensive
mechanism. An innate response depends on
macrophages — the main inflammatory cells — play-
ing an important role in the pathogenesis of athero-
sclerosis. A mechanism of the adaptive response
depends on lymphocytes T and B. These cells are
able to modulate the atherosclerosis by a secretion of
immunoregulatory cytokines and antibodies. Many
suggestions present a view that the modulation of the

OCHy
b

OH CHs

immunological response could be an appropriate tar-
get in the prevention of cardiovascular diseases,
therefore, mycophenolate mofetil seems to be a rea-
sonable proposal as a drug. The scope of this study is
to gather all knowledge about the mechanisms of the
anti-atherosclerosis properties of this drug.

Mycophenolate mofetil — structure, metabolism
and mechanisms

Mycophenolate mofetil (MMF) is the pro-drug
of mycophenolic acid (MPA), which has been iso-
lated from one kind of fungus — Penicillium fungus
(1).

Taking a clearly chemical point of view, its
structure is expressed as follows: (E)-6-(1,3-dihy-

Figure 1. The structure of mycophenolate mofetil

* Corresponding author: e-mail: zapolska@vp.pl
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dro-4-hydroxy-6-methoxy-7-methyl-3-0xo0-5-iso-
benzofuranyl)-4-methyl-4-hexenonian 2-morpholi-
noethyl (Fig. 1). After oral administration and
absorption of MMF, the ester linkage is rapidly
hydrolyzed by esterases to yield MPA, an active
immunosuppressive agent. The bioavailability of
oral MPA from MMF is 94% while the maximum
plasma concentration occurs about 2 h after admin-
istration. MPA undergoes a hepatic glucuronidation
through a glucoronozyl transferase to form a
mycophenolic acid glucuronide (MPAG), an inac-
tive metabolite, which is secreted into bile.
Subsequently, it is converted back to MPA by bac-
terial glucuronidases and then re-absorbed, and
recirculated. At least 90% of MMF is excreted in
urine as MPAG (1).

A correct synthesis of purine is necessary to
obtain nucleotides, particularly guanosine triphos-
phate (GTP) and deoxyguanosine triphosphate
(dGTP), which are used to synthesize DNA and gly-
coprotein. The purine synthesis occurs via two
major pathways: the de novo pathway and the sal-
vage pathway (Fig. 2). In the de novo pathway, 5-
phosphoribosyl-1-pyrophosphate (PRPP) is convert-
ed by PPPP synthetase to inosine monophosphate
(IMP), which is further modified to guanosine
monophosphate (GMP) by the rate limiting enzyme,
inosine monophosphate dehydrogenase (IMPDH).
IMPDH binds IMP and cofactor NAD, which

receives hydrogen from IMP. NADH, is then
released, forming xanthosine monophosphate
(XMP), which is subsequently converted to GMP. In
the salvage pathway, guanine obtained as a result of
nucleotide acid degradation is converted to GMP.

In 1969, Franklin and Cook described the
effect of MPA on IMPDH and its ability to inhibit
the synthesis of nucleotide acids in eucariotic cells.
MPA occupies the catalytic site in IMPDH, which is
occupied by NAD and H,O, thereby inhibiting
IMPDH (2). Whereas most human cells types have
the capacity to synthesize the guanosine nucleotides
by the use of both pathways mentioned above, lym-
phocytes are almost completely IMPDH-dependent
(1, 3). To date, two isoforms of IMPDH have been
identified. Stimulated T lymphocytes strongly
express isoform II, which has a 5-fold higher affini-
ty to MPA compared to isoform I, of which is con-
stitutively expressed in most cells. Hence, inhibition
of IMPDH with MPA is followed by the depletion
of the pool of GTP required for DNA synthesis, pre-
dominantly in stimulated T-lymphocytes. As a
result, MPA inhibits the T-lymphocyte proliferation
throughout the blocking cell cycle in the G1 phase.
Furthermore, MPA inhibits a production of antibod-
ies stimulated by miogens and antigens, but also
induces apoptosis in activated T-lymphocytes.
Features of MPA mentioned above are responsible
for its immunosuppressive action.

De Novo Pathway
Ribose-5P
RNA PRPP Synthetase RNA
Glycoprotein GTP PRPP ATP
synthesis
Salvage l ADA
Pathway
Guanine ——————> GMP, IMP AMP
HaPRT EEN |
dGDP 4 dADP
dflTP d%TP
DNA DNA

Figure 2. Purine biosynthesis pathways

ADA - adenosine deaminase, dADP — deoxyadenosine diphosphate, dATP — deoxyadenosine triphosphate, dGDP — deoxyguanosine
diphosphate, dGTP — deoxyguanosine triphosphate, HGPRT — hypoxanthine-guanine phosphoribosyl transferase, IMP — inosine
monophosphate, IMPDH — inosine monophosphate dehydrogenase, MPA — mycophenolic acid, PRPP — 5-phosphoribosyl-1-pyrophos-

phate
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Figure 3. Schematic representation of anti-atherogenic properties of MMF
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Effect of MPA on endothelial cells

Endothelial dysfunction plays a key role in the
pathogenesis of atherosclerosis. A hallmark of
endothelial dysfunction is the impaired bioavailabil-
ity of NO, which is caused firstly by diminished syn-
thesis and release, and secondly, by inactivation
through increasing local reactive oxygen species
(ROS) (4, 5). NO released by endothelial cells is
responsible for relaxing smooth muscle cells, and in
consequence, controlling intravascular pressure and
blood tissue perfusion. Moreover, NO inhibits an
aggregation of platelets, adhesion of leukocytes,
proliferation of smooth muscles and inflammatory
response. NO is synthesized from L-arginine by the
constitutive endothelial NO synthase (eNOS;
NOS3) in a small amount (6). Another type of NO
synthase, so called “inducible NOS” (iNOS; NOS2),
synthesizes a higher concentration of NO in activat-
ed macrophages or endothelial cells over a longer
period.

The activated macrophages also produce ROS,
which combine with NO to form peroxynitrites —
highly reactive molecules that can react with pro-
tein, and in this way, change their function, and
therefore, the function of endothelium. It is assumed
that iNOS exerts pro-atherogenic activity by protein
nitrosylation as well as by downregulation of eNOS
activity (7).

It would be therapeutically desirable to inhibit
iNOS activity, but not eNOS. Both NOS isoforms
require tetrahydrobiopterin (BH,), which is an
essential cofactor for converting L-arginine into NO
(6). However, whereas BH, is tightly bound to
eNOS, the iNOS isoform requires continuous de
novo synthesis of this co-factor. As it is well known,
MPA decreases intracellular content of BH, by
reducing the intracellular GTP, which is essential
for synthesis of this co-factor (8). According to stud-
ies by Senda et al. (9), MPA inhibits interferon y
(INFy) and tumor necrosis o (TNFo)-stimulated
iNOS activity, whereas basal NO production, medi-
ated by eNOS, remained unaffected.

Furthermore, endothelial dysfunction, leading
to impairment of vasodilatation, is also due to
impaired prostacyclin synthesis and up-regulated
production of endothelin-1, which is a strong vaso-
constrictor. As known from further studies, MPA
increased the prostacyclin release and inhibited
TNFo.-stimulated synthesis of endothelin-1 (10, 11).
Based on the data, it might be postulated that MPA
exhibits beneficial effects on the vasodilatory func-
tion of endothelium.

Endothelial dysfunction is also manifested by
shifts from anti-adhesive to pro-adhesive phenotype,
which is essential for both progression of athero-
sclerosis, as well as for the inflammatory process
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taking place in the vessel wall (12). This feature of
endothelial dysfunction is associated with the
appearance of adhesion molecules on their surface
as mediators of interactions between cells of the vas-
cular wall and leukocytes, thus, these interactions
are essential for the adhesion and trans-endothelial
migration of leukocytes. The family of endothelial
adhesion molecules includes: selectins E and P,
intercellular adhesion molecule-1 (ICAM-1),
ICAM-2, vascular cell adhesion molecule-1
(VCAM-1), and platelet-endothelial adhesion mole-
cule-1 (PECAM-1). So far, the best recognized and
probably the most important for atherosclerosis are:
VCAM-1 and ICAM-1 (13).

Many studies performed in vitro on HUVEC
(human umbilical vein endothelial cells) stimulated
with range of cytokines have shown various effects
of MPA on the endothelial adhesion molecules and
delivered numerous conflicting results. The study by
Hauser et al. (14) reports that MPA did not change
the ICAM-1 expression stimulated by TNFo., how-
ever, it increased TNFo-induced VCAM-1 and the
selectin E expression. Some study results demon-
strated that pre-treatment of HUVEC with MPA
enhanced the induction of ICAM-1 by interleukin-13
(IL-1B) (15). Other studies demonstrated that MPA
revealed to be a strong inhibitor of IL-1B-stimulated
of VCAM-1 and the selectin E expression, but its
inhibitory effect on the induced expression of
ICAM-1 was much weaker (16). Similarly, Rabb et
al. (17) demonstrated that MPA inhibited the TNFot-
stimulated expression of VCAM-1 and ICAM-1.

An interaction between endothelial adhesion
molecules and their ligands on the surface of leuko-
cytes depend on their structure and affinity. As
known, mannose and fucose are transferred to gly-
coproteins through guanosine nucleotides (1).
Theoretically, a depletion of GTP by MPA should
inhibit the transfer of mannose and fucose to surface
receptors, along with the adhesion molecules.

Functional confirmative evidence of this obser-
vation was to demonstrate that MPA inhibits adhe-
sion of monocytes to endothelial cells (18) and
adhesion and penetration of lymphocytes (16).

The data mentioned above suggest that MMF
treatment for medicinal purposes has the capacity to
reduce infiltration of circulating monocytes and
lymphocytes to the site of inflammation, including
atherosclerosis plaque, as has been confirmed in ani-
mal studies (19).

MPA impact on monocytes / macrophages
The endothelial dysfunction, simultaneously
with a local secretion of chemotactic factors, allows

for local recruitment of monocytes inside the intima.
Monocytes accumulating in the vascular wall under-
go a series of changes typical for macrophages; then
scavenger receptors appear on their surface, which
participate in the internalization of foreign antigen,
for example, modified LDL (20, 21). This leads to
their activation and the formation of foam cells.
Activated macrophages secrete many factors modu-
lating the course of atherosclerosis. They are the
source of many inflammatory cytokines, including
IL-1, TNF and IL-6. They secrete many chemotactic
factors for monocytes and lymphocytes. They pro-
duce an increased number of ROS, which are
responsible for oxidative stress in the vascular wall
and thus contribute to the formation of oxidized low
density lipoprotein (oxyLDL), the main pathogenic
factor of atherosclerosis. They are also a source for
growth factors, including the platelet derived growth
factor (PDGF). The activated macrophages produce
metalloproteinases, i.e., enzymes that digest connec-
tive tissue matrix, therefore, they might contribute to
the destabilization and rupture of atherosclerosis
plaque, and by that means leading to acute clinical
complications of atherosclerosis. Moreover,
macrophages as cells presenting antigen, are able to
present it to the lymphocytes CD4* with the use of
major histocompatibility complex (MHC) class 1I
and thus, become a kind of bridge between adaptive
and innate responses of the organism.

MPA, by decreasing the level of GTP in mono-
cytes / macrophages, may contribute to a decrease in
monocytes recruitment to the intima, and thus to the
impairment of inflammatory response of macro-
phages, which is responsible for atherosclerosis pro-
gression. In an earlier study, it was shown that MPA
treatment of monocytes decreased a monosylation of
glycoproteins and their attachment to endothelial
cells and laminin (22). Further studies confirmed this
observation showing a reduction of monocyte bind-
ing to HUVEC or selectin E after MMF treatment
(18). Moreover, these studies demonstrated that
MMF attenuated lipopolysacharide (LPS) or INFy-
stimulated expression of ICAM-1 and MHC of class
II. Furthermore, MPA also revealed other properties,
which may contribute to decreasing the number of
monocytes / macrophages in atherosclerotic lesion.
Studies performed by Cohn et al. (23) have demon-
strated that MPA inhibited a monocyte proliferation
as well as arrested their cell cycle in the S phase and
increased their apoptosis. Interestingly, exogenous
guanosine added before MPA treatment only partial-
ly reversed MPA-induced changes in these parame-
ters, which suggests the existence of another type of
mechanism, not only the impact of IMPDH itself.
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These observations from in vitro studies were
confirmed in results carried out in vivo. It has been
demonstrated, by the use of animal experimental
model for diabetes, that MMF inhibited glomerular
infiltration of macrophages (24). A simultaneous
MMF application to mice ApoE ("), treated with a
fat enriched diet, has led to a decrease of the number
of monocytes in aorta sections (25). MMF therapy
may also lead to attenuation of the inflammatory
response. Studies performed by Weimer et al. (26)
demonstrated that monocytes received from patients
with long-term stable graft functions treated with
MMF, secreted a diminished amount of IL-1 and
TNF in response to LPS. MMF therapy in patients
with a carotid artery stenosis was associated with the
decreased expressions of metalloproteinases in sec-
tions of these vessels (27).

The above mentioned data suggest that MMF
treatment may lead to a decrease in the recruitment
of monocytes / macrophages and their activation,
and thus to the impairment of inflammation in ath-
erosclerotic plaque.

Effect of MPA on smooth muscle cells

Smooth muscle cells play a key role in the
pathogenesis of atherosclerosis (28). Under the
influence of locally secreted growth factors (mainly
from activated macrophages) mostly PDGF, they
migrate from the media to the intima, where they
further proliferate and synthesize components of
connective tissues. Thanks to the activity of the
smooth muscle cells, present in the intima, it first
comes forward to form fibrous cap, covering up the
atherosclerotic lesion, and then it remodels the ves-
sel wall and narrows it so that it finally leads to the
impairment of blood tissues perfusion.

It has been demonstrated that MPA inhibited
the PDGF-stimulated proliferation of rat smooth
muscle cells and the synthesis of connective tissue
components (29). MPA also inhibited a proliferation
of the smooth muscle cells induced by endothelin-1
(30) or oleic acid (31). As mentioned earlier, MPA
inhibited the secretion of inflammatory cytokines. It
is known that IL-1 and TNF stimulate the endothelial
and the smooth muscles cells to synthesize PDGF
(32). Moreover, IL-6 is a strong stimulator of smooth
muscle proliferation. The results of the studies in
vitro were proven in the animal model for aorta trans-
plantation, in which an application of MMF caused a
decrease in appearance of the smooth muscle cells in
the intima and an essential reduction of their replica-
tion rate (33). Another study, targeted for evaluating
MPA impact on the formation of atherosclerosis in a
transplanted aorta, showed that the application of this

drug inhibited all essential histological features of
atherosclerosis in the transplant by reducing smooth
muscle cell replication (30).

The above mentioned data suggest that the
application of MMF may lead to the impairment of
smooth muscle cell proliferation and to the reduc-
tion of connective tissue component secretion, thus
inhibiting the remodelling of the vessel wall.

MPA impact on lymphocytes

In the chronic inflammatory process, essential
for atherosclerosis, there are not only monocytes /
macrophages-dependent mechanisms of innate
responses involved, but also these adaptive response
mechanisms that remain under control of lympho-
cytes T (34). Lymphocytes T, present on atheroscle-
rosis plaque, include CD4* (helper lymphocytes)
and CD8* (cytotoxic lymphocytes), wherein CD4*
are more dominative. Active lymphocytes CD4*
support both a humoral and a cellular response. An
effective response emerges from the point, in which
naive lymphocytes T encounter cells presenting
antigen. Here is where bonding of antigens comes
forward, cut into small fragments, tied with MHC
class IT on the surface of cells presenting antigen, by
the TCR receptors present on the surface of CD4-.

Macrophages and dendritic cells are the main
cells presenting antigen. In order to effectively acti-
vate lymphocytes T, except TCR bonding with anti-
gen fragments tied with MHC class 1II, a co-stimula-
tion is essential, in other words, a simultaneous
bonding of proper proteins on lymphocytes and on
the cells presenting antigen. As regards to athero-
sclerosis, the most known are interactions between
CD40L on lymphocytes and CD40 on cells present-
ing antigen. Activation of lymphocytes T may lead
to the creation of different types of lymphocytes T.
Among CD4* lymphocytes that dominate in athero-
sclerotic plaque, the most abundant are lymphocytes
Th1, responsible for the cellular response, secreting
mainly INFy and TNFo. Lymphocytes Th2 presence
occurs much less, which is responsible for the
humoral response and secretion of IL-4, IL-5 and
IL-10. It has been suggested that Thl lymphocytes
promote the development and progression of athero-
sclerosis, whereas Th2 lymphocytes are anti-athero-
genic. An essential role of lymphocytes T in the
pathogenesis of atherosclerosis was proven in many
study results obtained from genetically modified
mice, which disclosed an inhibition of the response,
dependent from these cells and truly decreased the
progression of atherosclerosis, whereas entering
CD4* for mice ApoE (") increased the progression
of atherosclerosis (35).
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In recent years, there were some suggestions
that regulatory lymphocytes T (Treg) had a benefi-
cial effect for atherosclerosis (36). This is in regards
to a population of lymphocytes T that is responsible
for the maintenance of tolerance and control of the
immunological response. It has been suggested that
the balance between an efector response (Thl and
Th2) and the regulatory immunological one, or lack
of one, as refers to atherosclerosis, played an essen-
tial role in its development and progression. A trans-
fer of lymphocytes Treg to mice ApoE (7) led to the
inhibition of both the Th1 and the Th2 response with
a simultaneous increase of IL-10, the cytokine rang-
ing from a variety spectrum of anti-atherosclerotic
activity (37).

As previously mentioned, MPA has a 5-fold
higher affinity to IMPDH type II, and the main form
is expressed in stimulated lymphocytes (1). An inhi-
bition of this dehydrogenase finally led to the deple-
tion of a pool of GTP required for DNA synthesis,
predominantly in activated lymphocytes T. As a
consequence, MPA inhibits the lymphocytes T pro-
liferation by blocking them in the G or S phase of
the cell cycle. In addition, MPA induced the apopto-
sis in the activated lymphocytes T from 12 to 82%
(23). During the studies performed on mice injected
with the superantigen staphylococcal enterotoxin B
(SEB), it was proven that MMF accelerated the
elimination of SEB-reactive lymphocytes T through
an induction of their apoptosis (38).

The depletion of the pool of GTP by MPA also
inhibits transfer of mannose and fuctose into glyco-
proteins, being present on the surface of lympho-
cytes T, including the glycoproteins responsible for
attaching to the endothelial cells (1). Thus, treatment
of T-lymphocytes with MPA resulted in attenuation
of their adhesion to endothelial cells, as was proven
in many studies. The studies performed by Blaheta
et. al. (39) revealed a strong inhibition of both the
adhesion and the penetration rate of CD4* and CD8*
T-lymphocytes suggesting that it occurs mainly as a
result of reduced binding ability of two essential
adhesion molecules for this process: very late anti-
gen (VLA-4 —ligand for VCAM-1) and lymphocyte
function-associated antigen (LFA-1 — ligand for
ICAM-1).

As seen from the data mentioned above, MPA
has the capacity to decrease the number of lympho-
cytes in the sites of inflammation, including the ath-
erosclerosis plaque, throughout the inhibition of
proliferation, an induction of apoptosis and a
decreasing attachment to the endothelial cell. This
has been confirmed in several in vivo studies. The
studies performed on rats after cardiac transplanta-

tion demonstrated that MMF reduced an accumula-
tion of LFA-1-positive leukocytes in some sections
of vessels and the extent of a transplant vasculopa-
thy (40).

Some functions of activated T-lymphocytes
might also be impacted by MPA. In vivo studies
demonstrated that MPA inhibited a phytohemagglu-
tinin or CD3 antibody-stimulated production of
INFy (41). In the earlier cited studies performed on
mice injected with superantigen SEB, it was demon-
strated that MMF decreased serum levels of TNFo
and INFy was stimulated by this antigen (38). That
fact is of much importance taking into consideration
that INFy produced by lymphocytes Thl was a
strong activator of macrophages. Moreover, it inhib-
ited a synthesis of collagen and stimulated
macrophages to produce metalloproteinases. Hereby
it contributed to the impairment of the fibrous cup
covering atherosclerotic plaque, and as a conse-
quence, the formation of plaque prone to rupture.
The recently published study results, as regards to
patients with a carotid artery stenosis that received
MMF for 2 weeks prior to undergoing carotid
endarterectomy, were quite interesting (27). In most
MMF treated patients, a decreased number of acti-
vated lymphocytes T with a simultaneous increase
in the number of lymphocytes Treg in sections of
carotids was observed.

MPA impact on dendrtic cells

Dendritic cells are major presenters of antigen
to the naive T-lymphocytes, thereby initiating their
proliferation and differentiation to Th1 or Th2 cells
(36). For an efficient antigen presentation, a dentrit-
ic cell maturation, as well as up-regulation of MHC
molecules and co-stimulatory molecules (CD40 and
CD68), are required. As known from in vitro results,
an oxyLDL, the main pathogenetic factor of athero-
sclerosis, may be this type of antigen that partici-
pates in the maturation and the activation of the den-
dritic cells (42). The potential role of the dendritic
cells in atherosclerosis was underlined by a detec-
tion of matured dendritic cells in the plaque co-
localized with the activated T lymphocytes (43).

A frequent presence of the dentritic cells, close
to the T-lymphocytes in the rupture prone regions,
suggests that these cells presenting antigen activate
the T-lymphocytes, thereby promoting plaque pro-
gression and destabilization. It is widely considered
that IL-12, produced by some dendritic cells, played
a key role in differentiating lymphocytes T in Th1 as
regards to atherosclerosis (36).

As seen from in vitro studies performed on
murine dendritic cells, MMF impaired their ability



Mycophenolate mofetil - a new atheropreventive drug? 359

to stimulate allogenic T lymphocytes and reduced
the expression of CD40 and CD68 (44).
Furthermore, it inhibited the LPS-stimulated pro-
duction of IL-12. A similar observation was made
on human dendritic cells stimulated with LPS or
TNFo, which led to evidence that MPA inhibited
LPS or TNFa-induced dendritic cells maturation
(45). Moreover, MPA inhibited IL-12 and INFy syn-
thesis induced by both mediators as well as the abil-
ity to stimulate allogenic lymphocytes T. An addi-
tion of exogenous guanosine reversed the above
mentioned MPA impact.

Anti-oxidative properties of MPA

As seen from the basis of knowledge, oxidative
stress plays a key role in the pathogenesis of athero-
sclerosis (46, 47). The increase of oxidative stress is
the result of a balance disorder between the produc-
tion of ROS and the activity of the mechanisms
responsible for their removal. An increased ROS
formation may, in many ways, contribute to the
development and progression of atherosclerosis.
First of all, they are responsible for the formation of
oxyLDL, the main pathogenic factor of atheroscle-
rosis. ROS may impair the vasoprotective function
of the endothelial cells by a rapid inactivation of
NO. ROS contribute to the intracellular signalling
cascades associated with the inflammatory response.
They may function as second messengers by acti-
vating some kinases and transcription factors,
notably nuclear factor-xB (NF-kB). Moreover, they
regulate an expression of many growth factors and
pro-oncogenes like c-Myc, c-Fos and c-Jun, hitherto
contributing to a migration and a proliferation of
smooth muscles, and further to the remodelling of
the vessel wall (48). An NADPH oxidase is the prin-
cipal cause of the increase of oxidative stress in ath-
erosclerosis and is the main source of ROS in
endothelial cells (49). The classical NADPH oxi-
dase complex is composed of two cell-membrane
subunits: p22°* and gp91™>, which form a flavocy-
tochrome B558. The transfer of an electron from
NADPH to the molecular oxygen — generating the
superoxide radical — is catalyzed by the oxidase, as
a result of its activation through a translocation of
the cytoplasmic regulatory subunits p47™, p67™>,
p40r™* and Rac, and the binding with cytochrome
B558. Some drugs, which maintain the endothelial
function and prevent cardiovascular disease progres-
sion (statins for example), partly exert their benefi-
cial effects by inactivating endothelial NADPH oxi-
dase (50).

The previous studies showed that MPA
exhibits anti-oxidative properties. The studies per-

formed on the endothelial cells showed that MPA
inhibited NADPH oxidase activation by reducing
the amount of membrane bound Racl, as well as its
activity (51). As it is known, Racl is a GTP-depend-
ent protein. Thus, MPA induced inhibition of the
endothelial ROS formation may be caused by the
depletion of cellular GTP content, which is the like-
ly cause of the subsequent attenuation of Racl and
NAPH oxidase activity. Another study performed
on smooth muscle cells showed that an inhibitory
effect of MPA on PDGF-stimulated production of
ROS was only partially restored by egzogenous
guanosine (29). Going forward, the authors made a
further study, which showed that MPA addition into
a probe containing H,O, resulted in rapidly reduced
hydrogen peroxide concentration. It was assumed
that carboxyl, methyl and hydroxyl portions of MPA
are expected to react directly with H,O,, resulting in
a decrease of its amount.

MMF impact on development and progression of
atherosclerosis as observed in in vivo study

By the use of rabbits fed a high-cholesterol
diet, resulting in pathology relevant to the general
human population, Greenstein et al. (52) per-
formed studies in order to evaluate the impact of
MMF on atherogenesis. These dieted animals
simultaneously received MMF (80 mg/kg) for 12
weeks. After a completion of the test, aortic tissue
section was immunohistochemically evaluated. In
the MMF treated group, plaque area was signifi-
cantly decreased by 46% and a number of
macrophages and smooth muscle cells in this
group were reduced to a comparable level of the
control group. Also, Romero et al. (53), using the
same model of atherogenesis, found that MMF (30
mg/kg, 12 week) reduced atherosclerosis in the
aorta by over 50%. Furthermore, the MMF
reduced the smooth muscle cell proliferation, and
intimal macrophages and foam cell infiltration, as
well as the total aortic cholesterol content.
Recently, study results were accessible on the
other experimental atherosclerosis model by using
ApoE (") mice, treated simultaneously with 30
mg/kg of MMF and high-fat diet for 3 to 12 weeks
(25). In both MMF-treated groups, the macroscop-
ic and the histologic aortic atherosclerosis lesions
was significantly reduced in comparison with the
control group. Furthermore, the MMF treatment
decreased the T-lymphocyte proliferation and cell
number, as well as the aortic content of
macrophages and their proliferation.

Recent studies have demonstrated that a sys-
temic lupus erythematosus (SLE) was associated
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with an increased risk for cardiovascular disease. A
study performed on mice LDL (") with SLE-suscep-
tible gen, demonstrated that atorvastatin attenuated
atherogenesis in mice without the transplanted gen,
but failed to reduce the atherosclerotic lesion size in
LDL (”) SLE mice, in spite of a significant reduc-
tion in serum cholesterol levels (54). A treatment
with MMF or MMF + atorvastatin attenuated
atherogenesis in both groups of animals.

It is worth mentioning, although it was not the
scope of this publication, that MMF had beneficial
effects in cardiac transplant patients beyond the sup-
pression of tissue rejection. MMF treatment resulted
in diminished intimal thickening and cardiac allo-
graf vasculopathy compared to those of other
immunosupressive drugs. A wide discussion about
the results of these studies was available in publica-
tion by Gibson et al. (55).

As can be deduced from the presented
overview, MMF exerts a plethora of anti-inflamma-
tory effects that could be hypothesized to attenuate
pivotal processes in atherosclerosis and it could be a
viable preventive agent in people exposed to a sig-
nificant risk for cardiovascular disease. It seems
quite advisable to perform further studies to test this
hypothesis.
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Abstract: Current studies have elaborated diabetes mellitus as one of the most prevalent endocrine disorder
throughout the world. Citrullus colocynthis (C. colocynthis) is one of the most common traditional plants used
as remedy against diabetes mellitus. It is well recognized by its hypoglycemic effect, which is substantiated in
current phytotherapy. Its undesired effects include the disturbance of gastrointestinal and urinary tracts. This
review article encompasses various blood glucose lowering studies that have been carried out till date. Various
parts of plants used in extract preparation were roots, fruits, seeds, rinds and leaves. The nature of these extracts
was ethnolic, methanolic, or aqueous and their doses varied from 10 to 500 mg/kg body weight/ day. All these
published articles elaborate C. colocynthis as a potential antiglycemic medicinal plant.
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Out of many endocrinal diseases, diabetes mel-
litus is one of the most commonly prevalent meta-
bolic disorders which distresses over one billion
population of world and cause extensive deaths.
Various factors causing this disease have been
observed including diet and age (1). World Health
Organization (WHO) has revealed that three billion
diabetic cases would be observed by the year 2025
(2). Due to abnormal metabolism of carbohydrates,
diabetic person suffers from abnormally higher
blood glucose level than normal, which may cause
various complications such as nephrotoxicity and
retinopathy as well as untimely, death (3). Chronic
diabetic condition disturbs the metabolism of pro-
teins and lipids as well (4) and promotes peroxida-
tion of membrane lipid causing the disturbance in
cell function. Hypergycemia also promotes non-
enzymatic glycation of proteins leading to increased
development of reactive oxygen species (5). There
is important role of increased oxidative stress (IOS)
in the progress of diabetes as well as its complica-
tion due to autocatalytic metabolism, which leads to
production of more free radicals and reduction of

antioxidants (6). IOS also causes the destruction of
red blood cells in diabetic patients (7), this hemato-
logical complication disturbs the performance of
erythrocytes (8).

Currently, substantial research for safe and
efficacious hypoglycemic drugs is in progress,
which could also protect diabetic patient from other
complications of diabetes (9). In this context, WHO
has suggested the utilization of herbal medicines
(10).

There is a long history of herbal use as antidi-
abetic therapy. The validated antidiabetic potential
of many plant remedies is available in literature
showing controlled analyses in healthy and diseased
animals as well as human in last ten years. The mode
of antidiabetic effect of these plant remedies
involves the modulation of carbohydrate metabo-
lism by restoring integrity and function of the B cells
(11, 12).

Citrullus colocynthis (C. colocynthis) Schrad.
belongs to family Cucurbitaceae. C. colocynthis,
also known as bitter apple and bitter cucumber, is
famous for its medicinal value throughout the world,
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especially in Asia and Africa (13). The appearance
of C. colocynthis resembles that of watermelon, pos-
sessing herbaceous stems, triangular and hairy
leaves, yellow flowers, and globular bitter fruit. Its
fruit consists of an outer hard rind and an inner
white spongy pulp. A large number of seeds are
embedded in its pulp (14). Pectin, colocynthin, colo-
cynthein, colocynthetin, and gum are main phyto-
chemical constituents found in its pulp, while fixed
oil and albuminoids have been isolated from its
seeds. These medicinally potential compounds make
the fruit pulp and seeds an important medicinal part
of this plant. The root and leaf are other medicinal
parts of C. colocynthis (15).

The objective of this review is to collect and
summarize in one place all such data, which involve
the study of antidiabetic effect of C. colocynthis.

METHODOLOGY

Using English language, various electronic
data bases such as Medline (1966 to 2013) and
EMBASE (1980 to 2013) were comprehensively
used for literature survey using various terms like
“Citrullus colocynthis Schrad.” and “Citrullus colo-
cynthis Schrad. and antidiabetic effect” as well as
the terms mentioned in title, abstract and keywords

CHENGHE SHI et al.

were also used for searching. Bibliographies of all
concerned publications were also carefully studied
for the comprehensive review. Papers were dually
checked to avoid duplication.

RESULTS AND DISCUSSION

Current studies have elaborated diabetes melli-
tus as one of the most prevalent endocrine disorder
throughout the world. C. colocynthis is one of the
most common traditional plants used as remedy
against diabetes mellitus. To provide scientific
grounds to medicinal use of C. colocynthis as antidi-
abetic remedy, various researchers have carried out
scientific studies on its different parts. As far as the
preparation of extract of the desired part is concerned,
dried plant part (seeds, fruits, roots, rinds or leaves) is
chopped to powder and a weighed amount of the
powder is subjected to solvent extraction using suit-
able instrument such as Soxhlet apparatus and appro-
priate solvent/solvent system at appropriate tempera-
ture. The marc was entirely dried and weighed before
and after every extraction followed by the concentra-
tion of extract to dryness at 40°C under reduced pres-
sure in a rotary vacuum evaporator (16).

We found two such studies in the literature,
which involved the use of root extract of C. colo-

Table 1. Previous studies showing the animal, part of Citrullus colocynthis, and type and dose of extract used.

No. Part used Type of extract Study subject Dose (mg/kg b.w./ day) Reference
1 Root Aqueous extract Rats 175-300 (16)
2 Root Aqueous extract Rats 50 & 100 (17)
3 Fruit pulp Ethanolic extract Rats 300 (12)
4 Fruit pulp Petroleum ether extract Rats 300 & 500 (18)
5 Fruit pulp and seed Ethanolic extract Male rabbits 100 & 200 (19)
6 Fruit pulp Ethanolic extract Rats 300 (20)
7 Fruit pulp Ethanolic extract Rats 50 20
8 Fruit pulp Suspension Rats 10 & 90 (22)
9 Fruit pulp Ethanolic extract Rats 300 (23)
10 Fruit pulp Methanolic extract Rats 250 & 500 (24)
11 Seeds Ethanolic extract Rats 250 (26)
12 Seeds Ethanolic extract Rats (25)
13 Leaf Suspension Rats 250 & 500 27)

Aqueous, glycosidic,
14 Rind alkaloidal and Rabbits 10, 15, 20, 50 & 300 (28)
saponin extracts
15 Rind Aqueous extract Rats 300 (29)
16 Rind Ethanolic extract Rats 300 (30)
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cynthis. One of these was conducted by Agarwal et
al. (16), who evaluated biochemical parameters of
normal and alloxan-induced diabetic (AID) rats
after administration of aqueous, chloroform and
ethanolic extracts of C. colocynthis root to observe
its therapeutic effect. The aqueous extract illustrat-
ed noteworthy hypoglycemic effect (58.70%) in
comparison to chloroform (34.72%) and ethanol
(36.60%) extracts. The aqueous extracts exhibited
the improved serum levels of urea, protein and
lipid as well as retrieved serum level of bilirubin,
glutamate oxaloacetate transaminase, glutamate
pyruvate transminase and alkaline phosphatase. In
another experiment, the researchers distributed rats
into three groups keeping one group as control and
administered 50 mg and 100 mg of C. colocynthis
root extract per kilogram of body weight of rat to
other two groups for twenty eight days for evalua-
tion of C. colocynthis therapeutic efficacy and
safety in rats at its antidiabetic dosing amount.
Standard kits were used for the study of hematol-
ogy and biochemistry of rats on 29" day. The
hematological, histopathological and biochemical
data showed significant antidiabetic effect of C.
colocynthis as well as were safe in rats at its antidi-
abetic dosing amount (17).

Similarly, we found eight such studies in liter-
ature, which involved the use of fruit pulp extract of
C. colocynthis. In order to assess the antioxidant
effect of C. colocynthis, Dallak et al. (12) used
extract of its fruit pulp in AID rats. The results
exhibited significant reduction (p < 0.05) in total
erythrocytes count, packed cell volume, thiobarbi-
turic acid reactive substances, and activities of
superoxide dismutase (SOD) and catalase (CAT) in
the RBC’s hemolysate of AID rats, and thus con-
firmed antioxidant features of C. colocynthis pulp
extract. Jayaraman et al. (18) reported significant
hypoglycemic effect of petroleum ether extract of C.
colocynthis fruit pulp in STZID albino rats after oral
administration of two different doses i.e., 300 and
500 mg of C. colocynthis fruit extract per kilogram
of rat weight. In another study conducted on 36
white male New Zealand rabbits in Iran, antidiabet-
ic effect of C. colocynthis fruit pulp as well as seed
extract was determined using enzymatic kit through
Elan Auto Analyzer. In comparison to the control
group, significant hypoglycemic effect was
observed after oral administration of 100 mg of pulp
extract of C. colocythis per kilogram of rabbit
weight, suggesting C. colocythis as an excellent
antidiabetic drug (19). C. colocynthis pulp extract
was once again used by Khalil et al., in the year
2010, to study its effect on liver of AID albino rats

(20). Compared to the control group, histological
study of liver of C. colocynthis-treated rats showed
significantly lesser changes. Alternatively, AID rats
regained normal histology of their liver after treating
with C. colocynthis pulp extract. These results
proved safe hypoglycemic effect of C. colocynthis
pulp extract in AID rats.

El-Baky and Amin (21) reported that diabetic
complications involving microvessels are reflected
by nephropathy due to excessive filtration of various
compounds like sugars. In this context, the effect of
C. colocynthis fruits extract on the prevention of dia-
betic nephropathy was illustrated in STZID male
albino rats. According to results, blood glucose,
urea, creatinine, albumin and uric acid levels were
significantly lowered. According to histopathologi-
cal results, C. colocynthis fruit extract has nephro-
protective effects concluding that fruit pulp of C.
colocynthis may exert nephroprotective influences
on the functioning of kidney tissues. Salami et al.
(22) also observed significant hypoglycemic effects
of suspensions of C. colocynthis fruit pulp in normal
12 h fasting rats after single dose of 30 mg/kg, while
suspensions of C. colocynthis fruit pulp in the doses
of 10 mg/kg and 90 mg/kg exhibited non-significant
hypoglycemic effects. In Sudan, Babiker et al. (23)
prepared the ethanolic extract of C. colocynthis fruit
pulp and observed its influences in the oral dose of
300 mg/kg/mL of extract on fasting blood glucose
level and glucose tolerance test. After 4 hours of
administration, a swift decrease in blood glucose
level of normal fasting rats was observed accompa-
nied by few unwanted effects such as diarrhea,
which resulted in death of two out of seven animals
showing its toxic nature. Moreover, sub-acute treat-
ment approach has been applied in STZID rats to
test blood glucose level using the methanolic extract
of C. colocynthis fruit pulp in the oral doses of 250
mg/kg and 500 mg/kg (24). There was non-signifi-
cant (p > 0.01) and significant (p < 0.01) hypo-
glycemic effect of 250 mg/kg and 500 mg/kg dose.

We also found two such studies in the litera-
ture, which involved the use of seed extract of C.
colocynthis. Sebbagh et al. (25) compared the antidi-
abetic potential of C. colocynthis, sunflower or olive
oils in streptozotocin (STZ)-induced diabetes
(STZID) in rats and found that diet rich with C.
colocynthis oil exerted significantly higher hypo-
glycemic effect in rats administered with or without
insulin as compared to foods containing other oils.
Conclusively, the results reported that antidiabetic
effect of C. colocynthis oil occurs through the
preservation or restoration of pancreatic B cells in
STZIT rats. Lakshmi et al. (26) tested the ethanolic
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extract (in the oral doses of 250 mg/kg body weight)
of C. colocynthis seeds for its hypoglycemic feature
in AID rats, which had elevated levels of biochemi-
cal parameters. After administration of extracts, the
values of these biochemical parameters significantly
reverted back to their approximately normal levels
along with the improvement in their glycogen level.
As a conclusion, C. colocynthis seeds extract has
hypoglycemic activity similar to standard oral hypo-
glycemic drug, gliclazide.

We also found one such study in the literature,
which involved the use of leaf extract of C. colocyn-
this. Gurudeeban and Ramanathan (27) investigated
the hypoglycemic influence of C. colocynthis on
hepatic hexokinase and gluconeogenic enzymes like
glucose-6-phosphatase and fructose 1,6-bisphos-
phatase of control and AID rats after oral intake of
its leaf suspension in the doses of 250 mg/kg and
500 mg/kg of body weight for sixty days and found
a significant fall in blood glucose level from 381 +
34 to 105 + 35 mg/dL. There was a reduction in the
activities of glucose-6 phosphatase and fructose 1,6-
bisphosphatase, and an enhancement in liver hexo-
kinase activity supporting the hypoglycemic impor-
tance of this medicinal plant.

Abdel-Hassan et al. (28) investigated the hypo-
glycemic potential of the aqueous, glycosidic, alka-
loidal and saponin extracts of C. colocynthis rind in
normal rabbits, while fasting AID rabbits were used
also for the elaboration of the hypoglycemic effects of
saponin extract. Orally administered aqueous extract
in the dose of 300 mg/kg in normal rabbits provoked
significant hypoglycemic effect after one hour and
intensively significant during 1-6 hours, possibly due
to the tertiary and quaternary alkaloids, glycoside and
saponin components present in the aqueous extract of
the rind of C. colocynthis at a dose of 50 mg/kg of
body weight in normoglycemic rabbits. The same
extent of hypoglycemic effect was observed from the
glycosidic extract that significantly reduced the fast-
ing glucose levels after two hours and highly signifi-
cant (p < 0.001) after six hours. Orally administered
alkaloidal extract in the dose of 300 mg/kg in normal
rabbits provoked non-significant hypoglycemic effect
even after 6 hours. The saponin extract, in the oral
doses of 10, 15 and 20 mg/kg of AID rabbits, exerted
more prominent hypoglycemic effect after one hour
and strongly significant (p < 0.001) after 3 hours.
Conclusively, the aqueous extract of the rind of C.
colocynthis exhibited glucose lowering effect, possi-
bly due to the presence of saponin and glycosides.

Jeyanthi et al. (29) measured the biochemical
parameters in normal and AID rats to investigate the
hypoglycemic influence of aqueous extract of C.

colocynthis in the dose of 300 mg/kg body weight
for twenty two days. According to observations, the
activity of enzymes involved in carbohydrate metab-
olism as well as the increased blood glucose, insulin,
hemoglobin, HbA1C and glycogen levels in AID
rats reverted back to normal level after treating with
extract, which indicates the hypoglycemic activity
of this medicinal plant.

Aghanouri et al. (30) investigated the possible
antihyperglycemic influence of C. colocynthis in
STZID Wistar rats. According to results, there was a
significant (p < 0.05) antihyperglycemic influence
of this medicinal plant in the STZID rats after 10
days of drug administration, which elaborate C.
Colocynthis as a suitable herbal medicine against
diabetic condition.

CONCLUSION

This review article encompasses various blood
glucose lowering studies that have been carried out
till date. Various parts of the plant used in extract
preparation were roots, fruits, seeds, rinds, and
leaves. The nature of these extracts was ethanolic,
methanolic, or aqueous and their doses varied from
10 to 500 mg/kg body weight/ day. All these pub-
lished articles elaborate C. colocynthis as a potential
antiglycemic medicinal plant, however, in depth
toxicity studies of this plant are still to be done.
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THE ROLE OF ZINC IN THE PATHOGENESIS AND TREATMENT
OF CENTRAL NERVOUS SYSTEM (CNS) DISEASES. IMPLICATIONS
OF ZINC HOMEOSTASIS FOR PROPER CNS FUNCTION
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Abstract: Zinc, the essential trace element, is known to play multiple biological functions in human organism.
This metal is a component of many structural as well as regulatory and catalytic proteins. The precise regula-
tion of zinc homeostasis is essential for central nervous system and for the whole organism. Zinc plays a sig-
nificant role in the brain development and in the proper brain function at every stage of life. This article is a
review of knowledge about the role of zinc in central nervous system (CNS) function. The influence of this bio-
metal on etiopathogenesis, prevention and treatment of selected brain diseases and disorders was discussed.
Zinc imbalance can result not only from insufficient dietary intake, but also from impaired activity of zinc trans-
port proteins and zinc dependent regulation of metabolic pathways. It is known that some neurodegenerative
processes are connected with zinc dyshomeostasis and it may influence the state of Alzheimer’s disease, depres-
sion and ageing-connected loss of cognitive function. The exact role of zinc and zinc-binding proteins in CNS
pathogenesis processes is being under intensive investigation. The appropriate zinc supplementation in brain
diseases may help in the prevention as well as in the proper treatment of several brain dysfunctions.

Keywords: zinc, central nervous system, Alzheimer’s disease, depression, brain ischemia

Abbreviations: 5-HT — 5-hydroxytryptamine, AD — Alzheimer’s disease, ADHD — attention deficit-hyperac-
tivity disorder, AMPA — 2-amino-3-(5-methyl-3-oxo-1,2-oxazol-4-yl)-propanoic acid, ASD — autism spectrum
disorder, BDNF — brain-derived neurotrophic factor, CMS — chronic mild stress, CNS — central nervous sys-
tem, CTR1 — copper transporter (SLC31A1 member 1), DMT1 — divalent metal-ion transporter 1
(DMT1/DCT1/SLC11A2), ERK - extracellular-signal-regulated kinase, FST — forced swim test, GABA — -
aminobutyric acid, IFN — interferon, IL — interleukin, LTD — long term depression, LTP — long term potentia-
tion, MAPK — mitogen-activated protein kinases, MT — metallothionein, MTF1 — metal-regulatory transcrip-
tion factor 1, NF-kB — nuclear factor of k-light-polypeptide gene enhancer in B-cells, NGF — nerve growth fac-
tor, NK cells — natural killer cells, NMDA — N-methyl-D-aspartic acid, PD — Parkinson’s disease, ROS — reac-
tive oxygen species, SOD — superoxide dismutase, TGFB1 — transforming growth factor 1, TNF — tumor
necrosis factor, TrkB — tyrosine-related kinase B, TST — tail suspension test, ZIP — Zrt- and Irt-like proteins
(SLC39 — solute-linked carrier 39), ZnT/CDF - zinc transporter (SLC30 — solute-linked carrier 30)

Zinc plays an essential role in the number of
biochemical processes crucial for cell survival (Fig.
1). Evidently, unbalanced homeostasis of this bio-
metal affects cell function. This bivalent metal con-
stitutes a prostetic group of a number of enzymes
like carbonic anhydrase, alcohol dehydrogenase,
alkaline phosphatase, phospholipase C, carboxypep-
tidase, Zn-Cu superoxide dismutase (SOD) and oth-
ers regulatory proteins (1, 2). It is also a critical
component of DNA and RNA polymerases and has

a fundamental role for nucleic acid metabolism and
gene activation and repression. At the transcription-
al level of protein expression, zinc fingers structure
enables transcription factors to anchor to DNA helix
(3). This biometal regulates cell cycle by the influ-
ence on cyclines and cyclin-dependent kinases (4).
The activities of many growth factors are zinc
dependent, hence cell proliferation is regulated by
the concentration of zinc ions (5). Zinc regulates
microtubule polymerization process in the division
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of cells, providing the correct cell cytoskeletal for-
mation and cell mitosis (4).

One of the most important functions of zinc in
organism is an antioxidative protection (6, 7). Zinc
decreases ROS generation by several mechanisms.
Firstly, the zinc antioxidative effect occurs through
activity of zinc dependent enzyme, superoxide dis-
mutase (1). Secondly, zinc metallothioneins (MT)
can bind and neutralize ROS due to their sulthydryl
groups (7). Additionally, zinc ions have influence on
signal transduction pathway via inhibition of NF-
kB, TGFB1 and MAPK (8, 9).

Zinc activity occurs through inhibition of cas-
pases and protection from ROS-related release of
cytochrome C from mitochondria and this way sup-
presses apoptosis induction process (9). It was
established that zinc in hippocampus could inhibit
cell apoptosis and prevent mitochondrial dysfunc-
tion through the activation of BDNF and the regula-
tion of TrkB pathway (9). The proper zinc balance
and the expression of zinc transporters in organism
is crucial for anticancerogenic protection (7, 10),
because optimal zinc levels have an impact on
growth factors and cytokines, which enables to
remove malicious cells in apoptosis process. Other
mechanism of cell protection by zinc ions is accord-
ing to expression and folding regulation of tumor
suppressor genes products. Notably, this metal ion is
crucial for immunoregulation due to decreasing the
synthesis of TNF-o, and other interleukin proin-
flammatory cytokines (7). Zinc is also indispensable
for proliferation and proper function of T lympho-
cyte subpopulations (11). Additionally, zinc ions are
necessary for proper hormonal balance and in this
way exert the effect on the whole organism (5, 12).
Zinc ions are components of hormones (i.e., thymus
hormones) or regulate hormones synthesis and
ensure the appropriate hormone trails (i.e., insulin).
The disturbances in zinc homeostasis are important
causative factors of unbalanced organism function-
ing, which may lead to inflammation process and
the development of diseases like arthritis, ulcers,
cancer, and brain disorders (10).

Zinc absorption and transport

The total content of zinc in the adult human
body is approximately 2 grams (10, 13). The
requirement for this element for adult women is
about 8 mg and for adult men about 11 mg per day
and the similar amount is excreted daily (14). There
is no mechanism enabling to store zinc in the body
so it should be ingested regularly. In physiological
conditions, zinc homeostasis strictly depends on
maintaining its amounts on stable level in the organ-

ism. The importance of keeping zinc homeostasis is
reflected by the complexity of zinc transport into
and inside the cells (15, 16). There are two families
of mammalian specific zinc transporters identified:
ZIP/SLC39 family transporter, which transports
zinc into the cytoplasm and ZnT/CDF/SLC30 fami-
ly transporter, which acts in efflux zinc ions from
the cell. Zinc transporters expression is regulated by
zinc level in cytoplasm and outside the cells, accord-
ing to the cell type and function, by zinc dependent
transcription factors, especially metal regulatory
transcription factor 1 (MTF1) (1, 16).

In human, the dietary zinc is mostly absorbed
in duodenum, ileum and jejunum by active transport
trough ZIP4/SLC39A4 zinc transporter, localized on
the apical surfaces of the enterocytes (16). However,
there are other zinc uptake possibilities in the intes-
tinal tract i.e., ZIP1/SLC39A1 transporter expressed
in small intestine, divalent metal-ion transporter 1
(DMT1/DCT1/SLC11A2) as well as copper trans-
porter 1 (CTR1/SLC31A1) (16, 17). Zinc absorption
can be affected by cations like copper, chromium,
calcium, manganese and cadmium ions that can
compete for zinc transporters (15, 17). The process
of absorbance, transport and bioavailability may be
affected by diet composition. The influence of diet
components on zinc absorption and reabsorption
was a subject of interest (18).

It is known that zinc ions in cell cytoplasm are
accumulated bound to metallothionein proteins (1,
15). Further zinc transport from enterocytes into the
bloodstream occurs through the ZnT1 transporter.
Zinc ions in the blood are transported as complexes
with albumins (52%), macroglobulins (40%), and
amino acids (8%). In human serum there is about 15
pM/L of zinc and this concentration is similar to that
in other mammals (10, 16). Zinc is absorbed to tis-
sues and cells from blood mostly by ZIP1 and ZIP4
zinc transporters, and then, inside the cells, with
both, ZIP and ZnT family (ZnT2/SLC30A2,
ZnT4/SLC30A4, ZnT5/SLC30AS5, ZnT6/SLC30A6,
ZnT7/SLC30A7, ZIP7/SLC39A7, ZIP§/SLC39A8)
to nucleus or other cell compartments, where it plays
catalytic roles or is stored in Golgi apparatus vesi-
cles (15-17). Zinc is excreted from cells by the zinc
efflux transporter ZnT1/SLC30AT1 and is eliminated
from the organism with feces (over 10 mg/day) and
urine (0.4 mg/day) (10).

The role of zinc in brain function

Zinc is transported from blood trough blood
brain barrier system, mostly in the form of com-
plexes with amino acids, especially L-histidine and
cysteine (15, 19). Zinc transport in nervous cells is
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shown in Figure 1. The average zinc concentration
in brain is between 10 and 15 pg/g wet tissue (13),
however, it may vary in different brain parts. The
highest zinc level in the brain was found in hip-
pocampus, amygdala and cerebellum (13, 19). There
are three pools of zinc considered in the brain (15,
21). First, about 90% of total zinc, is the metal tight-
ly bound to proteins. Second pool includes about
10% of brain zinc, which is present in a form of
ions; this pool is stored in presynaptic vesicles of
glutamatergic neurons where it is transported by
specific transporter ZnT3/SLC30A3. Third pool,
free zinc ions in non-precised compartments, is less
than 1%. The measured zinc contents, especially in
last two (labile, chelatable) pools vary depending on
sample preparation method and measurement tech-
niques (13, 19).

This element is reported to have a second mes-
senger activity in the brain (22). Accordingly, in
mammals zinc containing vesicles were found most-
ly in the glutamatergic neurons in brain cortex, hip-
pocampus and amygdala, brain compartments
responsible for learning, memory, cognition and
mood regulation (10, 23, 24). During the neuronal
activity, when zinc with glutamate is released from
synaptic vesicles into synaptic cleft, zinc interac-

REGULATION OF CELL CYCLE
REGULATICN OF APOPTOSIS
STABILIZATION OF CYTOSKELETON
ANTIOXIDATIVE PROTECTION

EFFECT IN ORGANISM

Figure 1. The mechanisms of zinc action in the organism. The
scheme presents zinc action including the level of the particular
cells and the whole organism as an integral system (1, 2)

tions with postsynaptic receptors may occur. The
well known process of zinc inhibition of NMDA
receptors in synapses occurs through two mecha-
nisms, voltage independent allosteric inhibition,
which reduce ion cannel opening frequency, and
voltage dependent inhibition by blocking open chan-
nels (21, 25). Another interaction mechanism con-
sists of inhibition of GABA receptor-mediated
response, which leads to reduction of neuronal
excitability. Furthermore, zinc can enhance AMPA
receptors in postsynaptic cells and in that way zinc
may regulate cell excitation (22, 25). Extracellular
zinc in synaptic cleft may be reuptaken by both pre-
and postsynaptic neurons and also glial cells (22).

The adequate zinc level is critical for CNS
development and the differentiation of nervous stem
cells in mammals (9, 26). The sustainable zinc
homeostasis is necessary for the proper development
of brain, especially for cerebellum, stellate, basket
and also for Purkinje and granule cells. It was
observed, that in the developing rat brain zinc accu-
mulates in those cells, which should be eliminated
for proper development (26). On the other hand,
inadequate zinc status affects growth and maturation
of neurons by disturbing zinc-dependent receptor
functions. The rat model experiments showed
decreased proliferation of neural precursor cells in
adults as a result of the postnatal zinc deficiency (9).
Studies with primary cultures of rat cortical neurons
and human neuroblastoma IMR-32 cells proved that
low zinc level reduced cell viability, decreased cell
proliferation and increased neuronal apoptotic cell
death (8). Zinc regulative role in the cortical plastic-
ity is important for brain development and function-
ing of processes like learning and memory (25, 26).
The experiments with cultured rat cortical neurons
and hippocampal slices showed that zinc ions can
transactivate TrkB through pathway independent on
neurotrophins. Zinc can modulate long-term poten-
tiation (LTP), long term depression (LTD) and
synaptic plasticity in this process (25). Additionally,
zinc may increase postsynaptic density of excitatory
synapses in BDNF activation pathway (9).

The elevated zinc level, about 300 uM extra-
cellular and over 400 nM intracellular (10, 27), is
toxic to neurons. The experiments with cultured cor-
tical neurons demonstrated that elevated zinc con-
centrations result in lower ATP synthesis caused by
inhibition of glycolytic pathway enzymes such as
glyceric aldehyde 3-phosphate dehydrogenase and
phosphofructokinase and that way affects cells sur-
vival (27). The synaptically released extracellular
zinc can reach the toxic amounts during pathologi-
cal states like seizure, cerebral ischemia and trau-
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matic brain injury (21, 27). Moreover, other obser-
vations indicate that glucose starvation may increase
zinc ions toxicity for rat cerebellar granule neurons
(29). In proposed mechanism, a lack of glucose
induces activation of NMDA-channels and growing
accumulation of calcium and zinc ions in mitochon-
dria, which lead to severe neuronal damage.
However, in neuroblastoma IMR-32 cell in vitro
model, it was shown that high concentrations of zinc
ions may reduce toxic effect of other toxic metals (8,
17).

Disturbances of zinc homeostasis are consid-
ered as important factors in neurodegenerative brain
disorders. Adequate zinc intake is crucial for proper
cognitive functions, especially in children and elder-
ly human (19, 23, 24, 26, 30, 31). The alterations in
zinc level have been reported in such diseases as
depression and ADHD, Alzheimer’s disease (AD),
Parkinson’s disease (PD) as well as in brain
ischemia and traumatic brain injury.

The role of zinc in ischemic brain injury

In the conditions of brain ischemia, which can
be caused by stroke and traumatic brain injury, zinc
ions seem to play an important role in the neuronal
damage process (27, 28). The synaptically released
zinc ions are proposed as a critical component of the
excitotoxicity cascade occurring in the course of

ZIP1 ZIP6
ZIP4 ZIP10
2IPS_2IP14

ischemia (27). During ischemia, oxygen deficit
results in increasing acidosis (21). In turn, acidosis
can trigger more zinc release from MT proteins,
which was demonstrated in vitro in rat-cultured neu-
rons (21, 27, 28). Therefore in the conditions of
growing oxidative stress typical for ischemia, addi-
tional MTs release of zinc ions can finally lead to
apoptosis of neurons and glial cells (27). In addition,
in vitro studies demonstrated that zinc insults affect
cellular respiration and ATP depletion (27).
Moreover, when ATP deficits cause progressive
depolarization and affect ionic homeostasis of the
cells, the repetitive waves of zinc release from
synaptic vesicles into extracellular space were
observed (27). The spreading depolarization and
intensive zinc efflux can increase intracellular calci-
um flow (21) and that way calcium and zinc ions
may work synergistically causing neurotoxicity
(21). This results in alterations of plasma mem-
branes permeability, mitochondrial damage and
release of glutamate from neuronal vesicles (27, 28).
In ischemic conditions large amounts of zinc may
enter postsynaptic neurons through routes that are
normally used by calcium. The studies with rat cor-
tical neurons primary cultures showed, that zinc ions
were influxed to postsynaptic neurons and glial cells
after depolarization through voltage dependent cal-
cium channels (21, 25). Additionally, this process

Figure 2. The mechanisms of zinc transport in nervous system. The direction of zinc ions flux presented with arrows; black circles — ZnT
family of zinc transporters, black triangles — ZIP family of zinc transporters , black square — DMT] transporter, MT3 — metallothionein 3

(neuron specific protein) (10, 15, 16, 24, 32)
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may be enhanced by activity of glutamate, which, as
mentioned, is released altogether with zinc (32). The
rising glutamate amounts in extracellular space may
cause additional opening of calcium channels lead-
ing to increased excitotoxicity (21). The studies on
animal ischemic models confirmed extracellular
accumulation of high zinc amounts in neurons and
in extracellular space (27, 32).

On the other hand, it was demonstrated in
ischemic state models that zinc chelation can
decrease zinc accumulation and therefore degrada-
tion of nervous cells (27). However, there is also
evidence that in ischemic conditions high zinc ions
level may exert a neuroprotective effect (19). It is
presumed that zinc downregulates the NMDA
receptors and in that way may decrease toxicity of
calcium ions (21, 25). Also the effectiveness of zinc
bondage to metallothioneins may play a protective
role in the brain injury (32). Zinc-dependent antiox-
idative enzymes may also have beneficial effect in
conditions of ion dyshomeostasis caused by
ischemia. In vitro studies with hippocampal rat neu-
rons confirmed important role of proper zinc trans-
port during ischemia (27, 28), because very high
zinc concentrations (150 mM/L) were shown to
increase (transiently) ZnT1 mRNA level in cells.
These findings suggest that increased ZnT1 expres-
sion could be a defense mechanism from delayed,
zinc-related neuronal damage caused by elevated
zinc efflux (27, 32).

In reperfusion process, which follows
ischemia, changes of zinc concentration in particular
compartments can be continuously injuring for neu-
rons (27, 28) but exact mechanism of action is under
investigation. However, the effect of regulation is
not clear, because inflammation process occurs in
parallel, where zinc is ascribed to play beneficial
role.

All presented findings and mixed data indicate
that proper zinc level in specific neuronal compart-
ments is essential for brain function and need to be
precisely controlled in narrow concentration range,
since even slightly disturbance may lead to neuronal
damage during pathological ischemic conditions.

The role of zinc in depression

Despite of intensive clinical studies on depres-
sive disorders, it is difficult to elucidate its patho-
physiology. The most probable causes are connect-
ed with the loss of homeostasis of the stress hor-
mones, neurotransmitters, neurotrophic factors, and
additionally, disturbed trace elements levels (33,
34). Moreover, all those factors apply to only some
types of depressed patients but not for others.

Regardless of exact cause of this disease, the
increased neuronal death by ROS formation and
inflammation was postulated in most cases (35). The
excessive inflammation process in depressed
patients is manifested by elevated levels of pro
inflammatory mediators (IL-1, IL-2, IL-6, TNF-q,
IFN-y) (35). As it was mentioned before, disregula-
tion of inflammatory pathways may be correlated
with decreased zinc level. In zinc deficiency condi-
tions the proper function of immune system, differ-
entiation of the immune cells and response of T
helper lymphocytes is usually inappropriate.
Schmidt considered that early life stress is a major
risk factor for development of later depression due
to affected neurogenesis in brain, especially in hip-
pocampus (33, 34). On the molecular level, these
processes may be zinc-dependent via antioxidative
activity changes and its influence on proper course
of brain development process. Additionally, Takeda
hypothesized that corticosterone-mediated increase
in postsynaptic zinc signal may decrease synaptic
plasticity LPT and in that way affects hippocampal
functions and in consequence induces depression in
chronic stress conditions (36). Animal models of
depression are commonly based on measuring acute
or chronic stress, i.e., in FST and TST or chronic
mild stress (CMS). It was observed that administra-
tion of zinc as well as antidepressants could reduce
the durance of depressed behavior of animals in
these models (33, 37). The other rodent models of
depression are based on diet zinc-deprived, which
can also generate depression-like behavior. These
findings were consistent with clinical evidences,
especially obtained in the treatment resistant cases
when patients with depression had significantly
lower serum zinc level compared to non-depressed.
On the other hand, it has been reported that success-
ful depression therapy can lead to zinc level normal-
ization (33).

The important zinc dependent mechanism,
which disturbances may exert influence on depres-
sion in patients is neuromodulation of NMDA
receptors (25). The altered regulation of these recep-
tors may lead to the development of depression
symptoms. As previously mentioned, zinc ions
released in synaptic cleft causes effective inhibition
of NMDA receptors. The antidepressant mecha-
nism, proposed by Duman and Violets, is based on
rapid induction of synaptogenesis by NMDA recep-
tor inhibition agents (34). Additionally, important
role in the synaptogenesis is also played by NGF,
BDNF and neurotrophins, which concentrations can
be reduced by stress in rodents and in depressed
human patients (37, 38). Moreover, it was demon-
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strated that zinc supplementation could increase
BDNF protein level in rodents (38).

In a view of these findings, it seems obvious
that there is a relationship between zinc homeostasis
and depression progress in humans. Unfortunately,
there is no exact in vitro cell culture model of
depression, which could help study the exact mech-
anisms in physiologically active nervous cells.

The role of zinc in Alzheimer’s disease

Alzheimer’s disease is an age-related neurode-
generative disorder manifested by the progressive
dementia. It is well documented that brains of AD
patients typically exhibit intracellular neurofibril-
lary tangles deposits of T protein and extracellular
B-amyloid plaques (39). However, the exact mech-
anism of neurodegeneration in AD is unclear and
still there is no effective therapy of this disease.
Clinical examinations data revealed the noticeable
disturbances in zinc concentration in serum, brain
cells and compartments and in synaptic vesicles of
AD patients compared with control subjects (19,
23). It was considered that etiology of AD might
involve abnormal concentration and disturbed com-
partmentalization of zinc ions. Indeed, increased
concentration of extracellular zinc ions in the brain
can be of importance in AD pathogenesis (40, 41).
It has been demonstrated that B-amyloid plaques
contain high concentrations of metal ions, especial-
ly iron, copper and zinc. In addition, results of in
vitro studies demonstrated that zinc binding could
accelerate the B-amyloid peptide formation (42). In
consistence with these findings, it was observed
that the formation of amyloid plaques in APP trans-
genic mice (AD model with mutations of amyloid
precursor protein) was effectively inhibited due to
the application of metal chelating agents. The main-
tenance of proper zinc concentration is crucial,
because the enzymes, which restrain abnormal fold-
ing and aggregation of the B-amyloid such as
neprilysin and insulysin, are zinc dependent pro-
teins (39).

The changes in zinc levels can be caused by the
altered expression of zinc transporters, especially
ZnT1, ZnT3, ZnT4, ZnT6 and MT proteins (24,
40-42, 44). The extracellular concentration of zinc
in hippocampus and cerebral cortex depends on the
activity of zinc transporter ZnT3. The abnormally
increased activity of ZnT3 may additionally elevate
the extracellular zinc and in that way it induces the
formation of B-amyloid plaques. This process is
thought to be the first step in zinc homeostasis dis-
ruption in course of that pathological state. The inhi-
bition of B-amyloid concentration was observed in

brains of ZnT3 gene knock-out animals (Tg2576
mice) (44). However, excessively reduced activity
of ZnT3 transporter may affect signal transduction
in neurons, which can result in memory difficulties.
Beyer et al. (42) demonstrated that the AD severity
is connected with the significant loss of ZnT3
expression in the cortical regions of human brain. It
was concluded that ZnT3-derived extracellular zinc
pool is important for the proper regulation of normal
cognitive function by modulation of the synaptic
neurotransmission. The observations of ZnT3 gene
knock-out mice behavior confirmed that animals
exhibit deficits in learning and memory. What is
more, the loss of memory functions were age-
dependent and it is presumed that the adverse effects
could be similar to those observed in AD patients,
which underline the importance of proper expres-
sion of ZnT3 protein in specific regions for main-
taining the brain function (41, 45).

Thus, once disturbed zinc concentration and
distribution can influence zinc transporters expres-
sion. The altered zinc homeostasis manifested in the
elevated extracellular zinc state may in consequence
lead to up-regulation of expression of ZnT1 protein,
which in turn exports zinc ions outside cells (24,
44). The raised concentration of extracellular zinc
can be interpreted as a signal for the enhanced syn-
thesis of this zinc exporter. Finally, it results in the
enormous zinc export outside cells and the aug-
mented zinc imbalance. The recent results demon-
strated the increased expression patterns of zinc
transporting proteins ZnT1, ZnT3, ZnT4, ZnT6,
and ZnT7 in brain vessels of mice model
APPswe/PS1dE9 (44).

The additional zinc activity connected with AD
development is revealed in the hyperphosphoryla-
tion of T protein. This phenomenon promotes poly-
merization of this protein and generation of neu-
rofibrillary tangles in AD neurons (46). Kim et al.
(46) showed that zinc regulates phosphorylation of T
protein through extracellular signal-regulated kinase
pathway (MAPK/ERK); T protein deposits affect
microtubule function in neurons and probably may
be the important cause of neuronal death in AD.

The regulation tissue-distant metabolic transi-
tions by zinc, such as insulin synthesis and secretion
pathways, may influence AD development. The
recent experimental reports suggest the dependence
between regulation of cells insulin sensitivity and
AD pathogenesis, which ultimately qualify to name
this disease as “diabetes type 3" (47).

The progressive loss of synaptic connections
and the neuronal degeneration lead to the advance-
ment of dementia in AD pathogenesis (21). The
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influence of elevated ROS activity on the disease
development is consistent with the frequently
reported increased ROS formation observed in AD
patient neurons. The explanation may be the failure
in mitochondria functioning, which lead to the depo-
larization of mitochondrial membranes and in con-
sequence to the increased ROS activity (48, 49). It is
obvious that ROS are especially harmful in CNS
because of pro-oxidation of lipids, which are essen-
tial for proper nerve membranes function and also
for the conductivity and signal transduction path-
ways. Summarizing, the role of zinc in the patho-
genesis of AD may be miscellaneous. Further stud-
ies are necessary to understand the complex role of
zinc in the AD severity and treatment.

Other CNS disorders connected with zinc
imbalance

There are recent clinical evidences that other
CNS diseases may be correlated with zinc dyshomeo-
stasis. The main symptoms of Parkinson’s disease in
human are motoric dysfunctions and a decrease in
kinetic abilities. This neurodegenerative disorder is
the consequence of dopaminergic neurons damage
resulted from the progressive deficiency of neuro-
transmitter dopamine (23, 47). The biochemical
processes affected in PD may be correlated with dis-
ruptions of zinc homeostasis. Clinical studies with
PD patients suggested significantly decreased zinc
status in patient blood serum compared with healthy
elders control group. Another meaningful observa-
tion concerned protein deposits connected with
metal ions disturbances in patient brain compart-
ments, which showed some similarities to those
observed in Alzheimer’s disease (23). Experiments
in vitro on clonal CHO cell line with overexpressed
D2 receptors showed that zinc ions may have influ-
ence on dopamine receptors modulation and in that
way low zinc status could be another factor reducing
dopamine activity (50). Additionally, lowered zinc
concentration may have influence on pathophysiol-
ogy of PD by increased inflammation processes,
generation of ROS and affected neurotropic factors
levels, resulted in the proceeding neuronal degener-
ation.

As it was mentioned before, in the developing
human brain, disrupted trace metal homeostasis may
disturb the proper conduct of the process and in con-
sequence affect hippocampus functioning. This, in
turn, may lead to the following: affected attention,
memory and activity levels in human but especially
can correlate with children affected behavior. The
epidemiological and clinical studies showed that
children with ADHD disorder had decreased level of

zinc in blood, hair and urine compared with control
groups of children without attention problems (30).
Additionally, the relation between effectiveness of
methylphenidate and amphetamine derivatives used
in ADHD treatment altogether with zinc supplemen-
tation was observed (51). Zinc role in ADHD disor-
der may be correlated with the activity of this bio-
metal as a second messenger in brain cells. In turn,
positive zinc action on attention processes may be
connected with zinc regulation of dopamine metab-
olism and transport (47, 51). However, double blind
placebo controlled study by Bilici et al. (53) showed
that beneficial effects of 150 mg/day zinc sulfate
supplementation for 12 weeks on ADHD symptoms
were limited and rather comparable with placebo.
All these findings indicate necessity of further stud-
ies on zinc role in ADHD disorder.

In autism spectrum disorder (ASD) the progress
of disease may interfere with adequate supply of trace
elements. ASD is a neural development disorder char-
acterized by occurrence of repetitive behaviors and
affected social interaction (31). Pathogenesis of this
disorder is unknown but genetic, life-style and envi-
ronmental factors are being under consideration now.
It was hypothesized that one of important factors may
be early zinc deficiency combined with accumulation
of other toxic metals. Preliminary studies showed that
most of children exhibiting ASD symptoms had sig-
nificantly lowered zinc levels in hair (31). Also Faber
et. al. suggested the importance of zinc deficiency and
the probability of metallothionein detoxification sys-
tem disturbances in ASD pathogenesis (54). They
hypothesized that plasma zinc/copper ratio may be
considered as a one of biomarkers of autism suscepti-
bility in children. It was also reported that supple-
mentation of nutrients, including zinc, during infancy
development, can reduce severity of ASD symptoms
(31). However, the exact mechanisms of beneficial
effects of Zn in etiology of this disorder are not
proved enough.

On the basis of presented studies, disturbances
of zinc balance during human life span seem to be
an important factor correlated with development of
CNS diseases.

CONCLUSIONS

Zinc plays an essential role in the number of
processes crucial for proper cells and organism
function. The most important, regulated by this bio-
metal, are gene expression, antioxidation defense
and apoptosis. During human growth zinc can influ-
ence development and proper function of nervous
system and neuronal plasticity. Specific zinc trans-
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porters strictly regulate the uptake of this ion into
the organism. However, zinc concentration in the
diet is important, due to the lack of mechanisms
which allow to store this biometal for a long time.
The zinc imbalance can result not only from insuffi-
cient dietary intake, but also from impaired activity
of zinc transport proteins and zinc dependent regu-
lation of metabolic pathways. The crucial role of
zinc homeostasis in CNS exhibits influence on prop-
er function of learning, cognition and mood regula-
tion. The adequate zinc levels in specific brain com-
partments seem to be critical for the proper brain
functioning because even slight disturbances in zinc
homeostasis may lead to or participate in the devel-
opment of several disorders.

The exact role of zinc and zinc-binding proteins
in CNS pathogenesis processes is being under inten-
sive investigation. Therefore, the pressing issue is to
dispel the doubts on the adequate zinc level in spe-
cific pools and find out how the concentration
changes may be involved in the pathogenesis of dis-
eases and brain dysfunctions. Notably, there is a need
to develop reliable methods of determination zinc
disturbances in the brain with the potential to use
them in diagnosis of neurodegenerative diseases. The
crucial issue is also to determinate appropriate zinc
supplementation in brain diseases prevention as well
as in proper treatment. Many detailed mechanisms of
zinc activity in living cells are known to date but fur-
ther research warrants understanding of complex
influence of zinc on human organism.
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Abstract: The chromatographic parameters of arylpiperazinylpropyl derivatives of imidazolidine-2,4-dione
and imidazo[2,1-f]purine-2,4-dione were investigated using reversed-phase thin layer chromatography method.
The results revealed that Ry, of investigated compounds depended on substituent in arylpiperazinyl fragment
as well as on a nature of (cycloalkyl)aromatic ring at 5 position of imidazolidine-2,4-dione and at 7 position of
imidazo[2,1-f]theophylline. The Ry, parameters were compared with computationally calculated partition coef-
ficients values by principal component analysis (PCA). To verify the influence of lipophilic parameter of inves-
tigated compounds on their biological activity the statistical analysis of Mann-Whitney was performed.

Keywords: imidazolidine-2,4-diones, imidazo[2,1-f]purine-2,4-diones, lipophilicity

The monoamine hypothesis of depression pos-
tulates that a functional deficiency of 5-hydroxy-
tryptamine (5-HT, serotonin) or noradrenaline
and/or dopamine in the brain is a key to the pathol-
ogy and/or behavioral manifestations associated
with depression. An arylpiperazine moiety is one of
the most universal templates used for designing
agents active on serotonin (5-HT) receptors. Simple
arylpiperazines are classified as non-selective 5-HT
and other receptor ligands but long chain arylpiper-
azines (LCAPs) have been found as serotonin recep-
tor ligands in particular 5-HT,, and 5-HT,, ones.
Their general chemical structure contains: an alkyl
chain (2—4 methylene units) attached to the N4 atom
of the piperazine moiety, and a terminal fragment:
amide or imide. The significance of the terminal part
in ligand-receptor interaction has been the subject of
many structure-activity relationships studies (1-3).

Lipophilicity is one of the most important
physicochemical properties frequently used in
QSAR (quantitative structure—activity relationship)
analysis. This parameter, expressed as a partition
coefficient or its decimal logarithm (logP), can be

determined experimentally by various analytical
methods (RP-HPLC, spectrophotometry, MEEKC,
cyclic voltametry, titrimetry); however, the reversed-
phase thin-layer chromatography (RP-TLC) is often
used technique in recent years in this case (4-8). In
this report, we describe the use of RP-TLC to deter-
mine the lipophilicity of some LCAPs derivatives of
imidazolidine-2,4-dione (1-10) and imidazo[2,1-
flpurine-2,4-dione (11-22). The investigated com-
pounds have interesting biological properties and
have been tested as a potential antidepressant or
antipsychotic agents (9, 10). The relationship
between the concentration of the organic modifier in
the mobile phase and the chromatographic properties
of the investigated compounds, as well as the influ-
ence of substituent on the lipophilicity of compounds
1-22, was also studied. The lipophilicity values
determined chromatographically were compared
with the theoretically calculated partition coeffi-
cients values obtained by the use of computational
methods. To verify the influence of lipophilic param-
eters of investigated compounds on their biological
activity, the statistical analysis was performed.

* Corresponding author: e-mail: azagorsk@cm-uj.krakow.pl; phone: + 4812 6205456, fax: +4812 6205405
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EXPERIMENTAL

The investigated LCAPs derivatives of imida-
zolidine-2,4-dione and imidazo[2,1-f]purine-2,4-
dione were synthesized according to the methods
described in the literature (9, 10). The chemical
structures of these compounds are presented in
Table 1. Methanol used was HPLC grade from E.
Merck (Darmstadt, Germany). Water was deionized
by use of a Millipore system. TLC was performed
on precoated C18 F,, plates (10 x 20 cm, E. Merck)
in horizontal DSII chambers (Chromdes, Lublin,
Poland) under unsaturated (sandwich) conditions at
room temperature. Mixtures of methanol content

Table 1. The structures of compounds 1-22.

. o . N
N ".O7LN
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ranging between 50 and 80% (v/v) in 5% increments
and water were used as seven mobile phases. The
investigated compounds were separately dissolved
in methanol (1 mg/mL) and applied on the plates (10
UL) as spots. The starting points were 10 mm from
the bottom edge of the plates and development was
carried out over 9.0 cm. After the development
(30—60 min), the plates were air-dried at room tem-
perature (22°C) and examined under a 254-nm UV
lamp (CM-10, Spectroline, New York, USA). Each
experiment was run in triplicate.

All graphs and statistical procedures were per-
formed using the computer program Statistica for
Windows (v.10.0, Statsoft Inc., 2011).

R:
X /N z
= A: H

\ \ :/>/N\/\/R
2
e N ‘ ey
Comp. Core X/n R Z Comp. | Core X/n R Z
1 I 1 A H 12 II H A 2-OCH;
2 I 1 A 2-OCH, 13 1T H A 3-Cl
3 1 1 A 3-Cl 14 11 H B -
4 1 1 A 3-CF, 15 11 CH, A H
5 I 1 B - 16 11 CH, A 2-OCH,
6 1 2 A H 17 11 CH, A 3-Cl
7 1 2 A 2-OCH, 18 11 CH, B -
8 I 2 A 3-Cl 19 1T CH; A H
9 1 2 A 3-CF, 20 11 C¢H; A 2-OCH;
10 I 2 B - 21 II C.H; A 3-Cl
11 11 H A H 22 11 CH; B -
Table 2. Ry, (intercept), and r (correlation coefficient) values for linear relationship Ry, = Ry + bC.
Compound Ry, r Compound Ry, r
1 3.261 0.9919 12 3.194 0.9970
2 2.943 0.9912 13 3.315 0.9965
3 3.354 0.9835 14 3.096 0.9990
4 3.702 0.9931 15 3.946 0.9874
5 3.541 0.9895 16 3.185 0.9925
6 3.020 0.9654 17 3.944 0.9950
7 3.516 0.9960 18 2.799 0.9874
8 3.665 0.9857 19 3.468 0.9915
9 3.947 0.9970 20 3.867 0.9925
10 2.678 0.9745 21 3.002 0.9931
11 3.729 0.9874 22 3.391 0.9825
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Table 3. LogP values obtained by the use of computational methods.
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Compound AlogP, milogP logPyowin XlogP2 logPp, 14 1ogP 4 che
1 2.79 2.98 3.58 2.63 2.40 3.09
2 2.96 2.98 3.5 2.63 2.34 2.84
3 3.56 3.63 4.14 3.34 3.04 3.61
4 3.81 3.85 4.46 3.64 3.28 3.98
5 2.75 2.78 3.70 2.46 2.86 2.90
6 3.34 3.50 3.99 3.08 2.73 3.49
7 2.99 3.51 4.07 3.20 2.68 3.24
8 3.92 4.15 4.63 391 3.36 4.01
9 4.23 4.37 4.95 4.21 3.62 4.37
10 3.24 3.30 4.19 3.03 3.40 3.29
11 2.36 2.32 2.65 2.02 1.50 1.96
12 2.43 2.33 2.73 1.93 1.57 1.70
13 2.95 297 3.29 2.64 2.24 248
14 2.03 2.12 2.85 1.76 0.77 1.76
15 2.73 2.54 3.20 2.48 0.99 1.52
16 2.80 2.55 3.28 2.39 1.05 1.27
17 3.26 3.19 3.84 3.10 1.73 2.04
18 241 2.34 2.40 2.22 1.28 1.33
19 3.65 3.99 4.41 3.83 2.93 2.96
20 3.65 4.00 4.49 3.75 3.00 2.71
21 4.13 4.64 5.06 4.45 3.67 3.48
22 3.42 3.72 - 3.70 2.71 2.76

RESULTS To verify the influence of parameter Ry, of investi-

The relative lipophilicity (Ry,) of the investi-
gated compounds was determined with the use of
nonpolar RP-C18 plates. On the basis of literature
data (11, 12), methanol was selected as the organic
modifier of the mobile phases. For all the com-
pounds and each seven mobile phase, the R\, values
were calculated by the use of the well known for-
mula Ry, = log ([1 — R]/Ry). The calculated Ry, val-
ues were then used for the calculation of Ry, values
extrapolated to zero percent of methanol concentra-
tion with the equation Ry, = Ry, + bC, where C is the
concentration in volume percent of methanol in the
mobile phase and b is the change in Ry, caused by
unit methanol concentration in the mobile phase.
The obtained Ry, values for investigated compounds
were also compared with the theoretical values of
partition coefficients. The coefficients AlogPs,
milogP, logPyowiy and XlogP?2 were calculated from
the Virtual Computational Laboratory website (13),
logPp,s by Pallas 3.1 and XlogP by CAChe 7.75.

gated compounds on their biological activity, the
statistical analysis was performed.

DISCUSSION AND CONCLUSION

It was found that the Ry, values decreased lin-
early with increasing concentration of organic modi-
fier in the eluent. The relationships between the rela-
tive lipophilicity expressed as Ry, values and the
concentration of methanol in the mobile phase
showed good linearity for all seven mobile phase
systems (r > 0.97), as shown in Table 2. For investi-
gated compounds, the relationship between the struc-
ture and values of R,,, was observed. The extension
of the ring in position 5 of hydantoin and the intro-
duction of phenyl moiety at position 7 of imida-
z0[2,1-f]theophylline caused a significant increase
of Ry, values. The introduction of electron with-
drawing substituents (Cl, CF;) into the phenylpiper-
azine system resulted in a significant increase of R,
values for imidazolidine-2,4-dione derivatives. The
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Table 4. The eigenvalues and the ratios of the variance explained by the seven components using

covariance matrix.

C " Ei | Variance Total variance
omponen ngenvaiue explained (%) explained (%)
1 5.556159 79.37370 79.3737
2 0.994110 14.20157 93.5753
3 0.312365 4.46236 98.0376
4 0.057631 0.82330 98.8609
5 0.048352 0.69075 99.5517
6 0.027833 0.39761 99.9493
7 0.003550 0.05072 100.0000
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Figure 1. Comparison of the obtained Ry, values with the calcu-
lated coefficients by PCA
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Figure 2. Ry, ranges and mean lipophilicity for all compounds,
except 14, 18, 21 and 22 (K4 1 < 100 nM, 2 > 100 nM)

substituents at position 2 or 3 of aromatic ring can
be arranged in series, according to obtained Ry, val-
ues, namely: CF; > Cl > OCH;. Furthermore,
replacement of the arylpiperazine fragment with

Figure 3. R, ranges and mean lipophilicity for all compounds,
except 14, 18, 21 and 22 (K s ;r4: 1 < 100 nM, 2 > 100 nM)

tetrahydroisoquinoline moiety caused a decrease of
adjusted  relative  lipophilicity = parameter.
Surprisingly, in the 7-phenyl-imidazo[2,1-f]purine-
2,4-dione group, the exchange of tetrahydroiso-
quinoline moiety into phenylpiperazine derivatives
as well as the introduction of methoxy group caused
an increase of experimental Ry, values, most likely
due to electron interactions of individual fragments.
The obtained results revealed that substituent in
arylpiperazinyl fragment as well as a nature of
(cycloalkyl)aromatic ring at 5 position of imidazoli-
dine-2,4-dione and at 7 position of imidazo[2,1-
fltheophylline had an impact on Ry, values.
Moreover, the experimental coefficients differ from
the computationally calculated partition coefficients
(Table 3); only the AlogPs coefficient can be slight-
ly compared with the obtained R\, values.

The multivariate comparison of the experimen-
tally obtained values and the coefficients calculated
by the computational methods was made by princi-
pal component analysis (PCA). This technique
decorrelates the variables and converts them into the
linear combinations called “principal components.”
The graphical interpretation of the multidimension-
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al space of the data set used by the PCA transforma-
tion is obtained with a smaller number of new
dimensions of space. The second column of Table 4
explained the percent of observed variance. The first
component (PC1) of the index explains 79.4% of the
total variance. The second component (PC2)
explains 14.2%, while the third component (PC3)
explains only 4.46% of the total variance. Together,
the first two principal components contain 93.58%
of the total variance. The first component is deter-
mined by the theoretical variables computationally
calculated and are closely related, therefore, consti-
tute a homogeneous group. The second component
represents the empirical variable Ry,,. Both compo-
nents are mutually orthogonal, that is not depend on
each other (Fig. 1).

The differences between the computationally
calculated partition coefficients confirm the legiti-
macy of the determination of lipophilicity for the
investigated compounds by the use of the experi-
mental (RP-TLC) method. It can be anticipated that
the experimental results would give a better correla-
tion with the biological activity than the theoretical
ones. For investigated compounds, the impact of
lipophilicity on the affinity for 5-HT receptors in the
Mann-Whitney test was statistically not significant
(Figs. 2 and 3). It suggested that lipophilicity is one
of the many factors, which could influence and mod-
ify the activity of the investigated compounds for 5-
HT receptors.
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Abstract: Levels of Fe, Mn, Cu, Zn, Mo, Co, Ni, Se, Sn and Al were determined in 14 medicinal plants from
Serbia, which are widely used in phytopharmacy as herbal teas. The following plants were investigated: yarrow
(Achillea millefolium L.), basil (Ocimum basilicum L.), St. John’s wort (Hypericum perforatum L.), peppermint
(Mentha x piperita L.), field horsetail (Equisetum arvense L.), stinging nettle (Urtica dioica L.), thyme (Thymus
serpyllum L.), maize silk (Zea mays L. — Maydis stigma), hibiscus (Hibiscus sabdariffa L.), marshmallow
(Althaea officinalis L.), chamomile (Matricaria chamomilla L.), rosehip/dog rose (Rosa canina L.), winter
savory (Satureja montana L.) and spearmint (Mentha spicata L.). A total of 16 samples of different parts of
medicinal plants (root, leaf, flower, herba) were examined, whereby 13 samples were delivered in original
package and three samples were loose leaf herbs. Samples were prepared using the microwave digestion tech-
nique, and measurements were performed applying the atomic absorption spectrometry and mass spectrometry
with inductively coupled plasma. Contents of microelements in the examined samples were in the range: Mn
(23.86 — 453.71 mg/kg); Fe (61.87 — 673.0 mg/kg); Cu (6.68 — 24.46 mg/kg); Zn (16.11 — 113.81 mg/kg); Mo
(0.576 — 4.265 mg/kg); Co (0.039 — 0.532 mg/kg); Se (0.036 — 0.146 mg/kg); Ni (0.738 — 6.034 mg/kg); Al
(154.0 — 3015.0 mg/kg) and Sn (2.68 — 10.22 mg/kg). According to determined amounts of microelements, the
investigated samples of herbal teas are considered safe for human consumption.

Keywords: herbal teas, microelements, AAS, ICP- MS

Mineral elements are of a unique and manifold
importance for both the plant world and human
beings. Minerals are found in plants as ions, inor-
ganic and organic salts or are incorporated into
diverse organic compounds (1). Mineral elements
are involved in a range of chemical reactions in
plants. According to their proportional representa-
tion in the plant composition, they are grouped into
macro, micro and ultra microelements. The content
of mineral elements in plants may vary significant-
ly. Variations in mineral matter content in plants are
due to a variety of factors, including plant species,
plant age, pedological features of soil, climate and
implementation of agrotechnical measures (2-5).
The same plant species differ in microelement con-
tent under different ecological conditions, while
diverse species in the same biotope accumulate dif-
ferent amounts of microelements (6).

Human body needs appropriate concentrations
of various minerals to maintain the normal function
and sustain life. Deficiency or excess of essential

heavy metals in the diet can induce various health
disorders. Medicinal plants are either direct or indi-
rect source of minerals in human diet and regular
consumption of tea can contribute to the dietary
requirements of these elements (5). Species used for
obtaining a range of phytopreparations in pharma-
ceutical industry, supplied as monocomponent teas
or tea blends that are widely applied in traditional
medicine in Serbia and thus are of particular impor-
tance. Sources for obtaining medicinal raw material
are wild crafted plants (over 200 species) or culti-
vated plants (ca. 30 species) (7). Chemical composi-
tion of teas is very complex, encompassing
flavonoids, alkaloids, enzymes, minerals and trace
elements (8). In Serbia, herbal teas are mainly pre-
pared from aromatic herbal species that contain
etheric oils, which are not only remedial but also
have a very pleasant scent and aroma. Phytotherapy
has a very long tradition and became popular in
modern medicine, since medicinal herbs are not
aggressive and do not have severe side effects.
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Intensive agrotechnical measures in modern
agriculture, vicinity of industrial plants, mines, traf-
fic roads inevitably lead to contamination of the soil
and plants with pesticides and heavy metals (9).
Plants are a link for the transfer of trace elements
from soil to man. Thus, the content of heavy metals
is an important criterion when using plant material in
the production of traditional remedies and herbal
infusions (10). In that respect, continuous and
planned monitoring of hygienic safety of plants used
as raw material in pharmaceutical industry is impor-
tant. The determination of microelements content is
important in view of plant, animal and human health
and environmental aspect as well (4). However, there
are no standards for medicinal raw plant materials,
which establish a permissible level of microelements
except for heavy metals: lead, cadmium (11) and
mercury (12). Content and bioavailability of poten-
tially harmful microelements as well as their interac-
tion with the plant constituents need to be established
prior to potential toxicity assessment.

Owing to the importance of minerals present in
teas, in the present study, some microelements (Mo,
Co, Ni, Se, Sn, Al) including essential heavy metals
(Fe, Cu, Zn, Mn), were determined in order to
update and evaluate the knowledge on the presence
and to determine the correlation between the select-
ed elements in different Serbian tea plant samples.

The aim was also to establish the health-safety of
these phyto products, having in mind their wide
application in folk medicine.

EXPERIMENTAL

Materials

All samples used in this research are herbal
teas (Table 1), widely applied and popular among
Serbian population and in folk medicine practices.
Cultivated herbal tea samples in original package
(samples No. 1-13) were collected from the retail
shops in the territory of Novi Sad (Vojvodina, North
Serbia region, locality I), whereas three samples of
wild growing medicinal plants (samples No. 14, 15
and 16) were collected directly from the natural
habitat (East Serbia region, locality II).

The following reagents were used: standard
solutions of Mn, Fe, Cu, Zn, Mo, Co, Ni, Se, Sn and
Al at a concentration of 1 mg/kg (Accu Trace™
Reference Standard, USA), nitric acid and H,O,
(Merck, Germany), deionized water with conductiv-
ity < 0.2 uS/cm.

Apparatus

The mineralization was carried out in a
microwave digestion system (Ethos Microwave
Labstation, Milestone, Italy).

Table 1. Herbal teas and plant parts used in research.

Parts with
No Plant Latin name (family) medicinal
properties
1 Yarrow Achillea millefolium L. (Asteraceae) herba
2 Basil Ocimum basilicum L (Lamiaceae) herba
3 St. John’s wort Hypericum perforatum L. (Hypericaceae) herba
4 Peppermint Mentha x piperita L. (Lamiaceae) leaf
5 Field horsetail Equisetum arvense L. (Equisetaceae) herba
6 Stinging nettle Uttica dioica L. (Urticaceae) root
7 Stinging nettle Urtica dioica L. (Urticaceae) leaf
8 Thyme Thymus serpyllum L. (Lamiaceae) herba
9 Maize Zea mays, Maydis stigma (Poaceae) silk
10 | Hibiscus Hibiscus sabdariffa L. (Malvaceae) flower
11 Marshmallow Althaea officinalis L. (Malvaceae) root
12 Chamomile Matricaria chamomilla L. (Asteraceae) flower
13 | Rosehip, dog rose Rosa canina L. (Rosaceae) fruit
14 Winter savory Satureja montana L. (Lamiaceae) herba
15 | St. John’s wort Hypericum perforatum L. (Hypericaceae) herba
16 | Spearmint Mentha spicata L. (Lamiaceae) herba
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The measurements were performed using
atomic absorption spectrophotometer SpectrAA-10
(Varian, USA) and inductively coupled plasma mass
spectrometer Agilent ICP-MS 7700x.

Procedures

The measurement of the content of elements in
herbal tea samples was performed subsequent to
determining the loss of mass after drying according
to the procedure given in the European
Pharmacopoeia 6.0 (13).

The samples were prepared applying the
microwave digestion method (14) with the use of the
mixture H,O,/HNO; (1 : 4, v/v). After this process,
the samples were transferred to 50 mL volumetric
flasks and diluted with deionized water.

Determination of Mn, Fe, Cu, Zn by AAS method
The concentrations of manganese (A = 279.5
nm), iron (A = 248.3 nm), copper (A = 324.7 nm) and
zinc (A = 213.9 nm) were determined by atomic
absorption spectrophotometry applying Varian
SpectrAA-10 apparatus. The measurements were
performed in triplicates for each particular sample.

Determination of Mo, Co, Ni, Se, Al, Sn by ICP-
MS method

Determination of cobalt (He-M, IT 0.1 s/P),
nickel (He-M, IT 1 s/P), selenium (He-M, IT 5 s/P),
molybdenum (He-M, IT 0.1 s/P), tin (NoG-M, IT
0.1 s/P) and aluminium (He-M, IT 0.3 s/P) was per-
formed using Agilent ICP-MS 7700 mass spectrom-
eter under common operating conditions with an
excitation power of plasma of 1550 w, flow-rate of
carrier gas 1.01-1.11 L/min, flow rate of He gas
3.2-4.0 mL/min. Peristaltic pump program: uptake
speed 0.50 rps; uptake time 25 s and stabilization
time 20 s in spectrum multi tune mode.
Determination was done using isotopes: *Co, “Ni,
"Se, Mo, "*Sn and Al

Statistical analysis:

The results were expressed as the means and
standard deviations. Pearson correlation coefficient
was used for comparing the results between
microelements. Significance level was determined
as p < 0.01. The analysis was performed using a
software package IBM SPSS Statistics 20.

Table 2. Content of microelements determined by AAS in the herbal tea samples, mg/kg dry weight, n = 3.

Sample no. Mn [mg/kg] Fe [mg/kg] Cu [mg/kg] Zn [mg/kg]
1. 77.90 67.24 15.56 28.48
2. 71.98 539.87 24.46 38.09
3. 80.86 63.71 10.93 22.18
4. 111.97 443.90 17.15 26.86
5. 254.70 617.46 7.76 27.9
6. 28.18 673.00 12.71 2275
7. 57.84 303.00 13.23 29.14
8. 127.06 44578 8.94 44.26
9. 31.60 193.21 8.10 59.80
10. 45371 219.82 7.80 46.24
11. 23.86 114.16 15.69 23.59
12. 76.14 130.26 14.25 34.67
13. 70.99 61.87 6.68 16.11
14. 54.22 155.83 10.76 51.11
15. 170.78 217.32 19.86 113.81
16. 37.24 150.85 15.87 31.43

Mean 108.06 274.83 13.11 38.53
min 23.86 61.87 6.68 16.11
max 45371 673 24.46 113.81

CV [%] 101 74 38 60
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RESULTS AND DISCUSSION

In Table 2, the results of contents of Mn, Fe,
Cu and Zn determined by AAS in examined tea
samples are displayed.

The contents of Mn in herbal teas ranged from
23.86 = 0.43 mg/kg (marshmallow root) to 453.71 £
14.07 mg/kg (hibiscus flower), with an average
value of 108.06 mg/kg and CV 101.48%. Mn con-
tents in herbal teas: peppermint, chamomile, sting-
ing nettle (leaf), stinging nettle (root), St. John’s
wort, yarrow and basil correspond with the results of
other authors, including low content in the marsh-
mallow (15-17). Concentration of Mn in the pep-
permint and chamomile was also in accordance with
recent data from the literature (111.97 in relation to
120.4 mg/kg and 76.14 in relation to 69.3 mg/kg),
but Mn content obtained in rosehip tea was multi-
fold lower (70.99 in relation to 1585.9 mg/kg) (8).
The cited authors themselves pointed out the high
manganese levels in herbal teas obtained in their
research. It should be emphasized that content of Mn
in hibiscus tea (453.71 £ 14.07 mg/kg) was elevated
as compared to other samples. Similar results
revealing high Mn content in hibiscus (717 + 15
mg/kg), but also in chamomile (137 + 5 mg/kg) as
compared to other plants are pointed out in the
researches from Bulgaria and Macedonia (18).
Manganese content in stinging nettle leaf sample is
in correlation with the result obtained for nettle
(herba) collected from natural habitats from
Transylvania: 52.73 + 0.21 mg/kg (4). The obtained
levels of Mn in chamomile, St. John’s wort, stinging
nettle, peppermint, rosehip, yarrow and thyme were
somewhat higher than levels measured in Romanian
plants, especially for field horsetail: 254.70 in rela-
tion to 18 mg/kg (19).

The levels of Fe established in herbal teas
ranged from 61.87 £ 1.11 mg/kg (rosehip) to 673 £
18.18 mg/kg (stinging nettle — root). High Fe con-
tent in the following herbal teas should be pointed
out: basil, peppermint, field horsetail, stinging nettle
— root and thyme. Higher Fe concentration was
observed in the peppermint leaf as compared to the
samples of spearmint (herba). This could be
explained by its function in chlorophyll synthesis in
the leaf. Wild growing St. John’s wort obtained
from locality II revealed higher content of Fe as
compared to the cultivated St. John’s wort (locality
I). Fe levels established in the following herbal teas:
peppermint, stinging nettle, St. John’s wort, marsh-
mallow, yarrow and basil compare well with some
minor differences with previous results for Serbian
samples (15).

Maximum Cu level was established in basil,
being 24.46 £ 0.19 mg/kg, while minimum Cu con-
tent (6.68 + 0.06 mg/kg) was determined in rosehip
fruit. Copper concentrations in chamomile, stinging
nettle, St. John’s wort and marshmallow are in
accordance with the results of other authors (15),
whereas Cu levels obtained in peppermint, yarrow
and basil were somewhat higher than those reported
by aforementioned authors. Content of Cu measured
in stinging nettle is the same as recorded in
Transylvanian nettle herba (4). On the other hand,
this content is lower than in Romanian sample (20).
Obtained levels in samples of peppermint,
chamomile, and thyme are higher than in Romanian
plants (20).

The concentrations of zinc were fairly consis-
tent among the tea samples, with the exception of St.
John’s wort from the locality II that revealed maxi-
mum content of Zn of 113.81 = 4.89 mg/kg. This
value was five times higher than that measured in St.
John’s wort sample originating from the locality I
(22.18 £ 1.10 mg/kg). Potential reason for such dif-
ference is most probably the soil type. Results on Zn
content in peppermint, chamomile, stinging nettle,
St. John’s wort, marshmallow, yarrow and basil cor-
respond with the results of other authors (15).
Furthermore, measured Zn concentrations in pep-
permint and rosehip well correspond with recent
result, but levels obtained for chamomile were high-
er (8). The obtained Zn content in samples of
chamomile and hibiscus were similar as determined
in Bulgarian and Macedonian plants, being 45 + 2
and 33 £ 2 mg/kg, respectively (18).

As it can be seen from Table 3, Mo content in
tea samples was low. Maximum Mo content was
measured in a sample of nettle leaf: 4.265 + 0.034
mg/kg and the minimum content was determined in
rosehip 0.576 £ 0.011 mg/kg. Mo content in nettle
root (0.733 £ 0.011 mg/kg) was somewhat lower
than in Hungarian research for nettle (herba): 1.14 £
0.77 mg/kg (4). In nettle leaf, Mo content was sig-
nificantly higher: 4.265 + 0.034 mg/kg, which prob-
ably can be explained by its increased presence in
the composition of nitrate reductase in the nettle
leaf.

Maximum Co level was established in field
horsetail being 0.532 + 0.002 mg/kg, while mini-
mum Co content (0.039 + 0.001 mg/kg) was deter-
mined in rosehip fruit. In nettle sample from
Transylvania, Co was not detected (4). Co content
was below the detection limit in samples of pepper-
mint, chamomile, nettle and thyme from Romania
(20). Contrary to this, higher Co content was deter-
mined in chamomile and hibiscus samples in



Table 3. Content of microelements determined by ICP-MS in the herbal tea samples, mg/kg dry weight, n = 3.
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Sample Mo Co Ni Se Al Sn
No. [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
1. 2.267 0.130 2.401 0.055 3015 3.01
2. 2.720 0.310 1.037 0.084 808 6.09
3. 2212 0.102 2.567 0.085 1340 5.87
4. 2.695 0.161 1.882 0.107 554 3.66
5. 0.972 0.532 2.763 0.063 1702 2.77
6. 0.733 0.485 6.034 0.047 585 2.77
7. 4.265 0.084 0.738 0.074 222 10.22
8. 0.747 0.199 1.938 0.086 903 3.85
9. 2.369 0.079 1.012 0.047 438 3.89
10. 1.123 0314 3.481 0.104 1185 2.68
11. 0.680 0.100 1.362 0.102 1383 2.79
12. 1.940 0.104 2518 0.146 1354 3.99
13. 0.576 0.039 1.262 0.080 351 3.01
14. 0.778 0.074 0.892 0.036 225 6.05
15. 1.707 0.350 2.645 0.078 154 5.37
16. 1.507 0.060 0.816 0.062 622 6.91
Mean 1.706 0.195 2.084 0.078 928 4.56
min 0.576 0.039 0.738 0.036 154 2.68
max 4.265 0.532 6.034 0.146 3015 10.22
CV [%] 60 80 65 35 79 45
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Bulgaria: 0.30 £ 0.01 and 1.00 * 0.03 mg/kg,
respectively (18).

Maximum Ni content was measured in a sam-
ple of nettle root and the minimum content was
recorded in nettle leaf. Similar results were obtained
for Co content suggesting similar mechanisms of its
uptake from the soil. Ni content in St. John’s wort
samples originating from two different locations
was almost the same. In rosehip, peppermint,
chamomile, St. Jon’s wort and nettle leaf, Ni con-
tents were similar to Romanian results: 0.9; 1.8; 3.9;
2.1; and 0.6 ppm, respectively (19). When compar-
ing the results with Romanian ones and taking into
consideration the type of mint and plant part, pep-
permint and nettle leaf samples were comparable,
while results for nettle root indicated 10 times high-
er content of Ni. Results for chamomile and yarrow
were similar to those obtained in previous investiga-
tions for these plants in Serbia (3.14 and 3.27 mg
Ni/kg) (17).

Maximum Se content was measured in a sam-
ple of chamomile flower 0.146 + 0.004 mg/kg,
while the minimum content was determined in win-
ter savory: 0.036 £ 0.001 mg/kg. Similar to Ni, Se
content in samples of St. John’s wort from two

localities were comparable. Contents of Se in St.
Jon’s wort and nettle were higher than those
obtained in Romanian samples (21). This can be
explained by the soil type and fertilizer application
in cultivated conditions.

In the analyzed herbal teas, unexpectedly high
values for Al were obtained, especially in yarrow.
The lowest content of Al was determined in St.
John’s wort from the locality II — natural habitat,
while cultivated St. John’s wort from locality I
revealed 10 times higher Al content. On the other
hand, Al content in cultivated peppermint leaf was
similar to those in spearmint from locality II.
Analogous conclusions about the effects of plant
species and locality on the mineral composition are
confirmed in the literature (6). Content of Al in root
nettle sample (585 + 11 mg/kg) is similar to the
results obtained in Transylvanian samples of nettle
(herba): 476.8 £ 6.38 mg/kg (4). Result 222 + 22
mg/kg in leaf nettle sample corresponds to previous
Serbian result, while Al content in other tea samples
is different (15).

Maximum Sn level was established in nettle
leaf, being 10.22 £+ 0.09 mg/kg, while minimum Sn
content (2.68 + 0.02 mg/kg) was determined in
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hibiscus flower. As visible from Table 3, Sn content
in St. John’s wort from locality I is equal to that at
locality II. Concentration of Sn determined in pep-
permint and chamomile sample was similar to pre-
vious results (8), while content measured in rosehip
was lower.

Results of microelements determination in
some Polish herbs showed lower mean concentra-
tions of Cu, higher levels of Zn and Ni and similar
content of Fe in comparison to Serbian tea herbs
(22); while another research demonstrated similar
content of Ni and lower of Fe and Cu (23). Results
on Mn, Fe, Cu and Zn levels in Spanish peppermint
and chamomile are very similar to our results, while
Al content was different (24).

In order to estimate possible correlation between
microelements, the obtained results are analyzed
using statistical software. Results demonstrated sig-
nificant Pearson correlations (at the 0.01 level)
between Fe-Co, Co-Ni, Mo-Sn and Ni-Sn: 0.78; 0.70;
0.66 and —0.50, respectively. Contrary to the literature
data (25), our results did not show any significant cor-
relation between Zn-Cu and Mn-Zn, but the investi-
gated herbal teas were different. Correlations are
comparable to those reported for Romanian herbal
teas with respect to significant Fe-Co correlation and
without correlations between Zn-Cu-Mn (19).

CONCLUSION

Sixteen samples of 14 different herbal teas
widely consumed among Serbian population were
analyzed for concentration of microelements, with
an aim of establishing the mineral status and hence
the health safety of medicinal plants used for very
popular herbal teas. The contents of the examined
elements were within the ranges reported in the lit-
erature, with some variations associated with plant
species, applied agricultural measures and pedolog-
ical features of soil. Large scale variability in the
concentration of microelements was observed
according to the species of medicinal plants and the
availability of microelements in the soil. The high-
est contents of essential heavy metals were estab-
lished for Fe (61.87-673.0 mg/kg). Maximum Fe
level was observed in stinging nettle root (673 +
18.18 mg/kg). The research revealed that basil, pep-
permint, stinging nettle (root), field horsetail and
thyme are rich in iron. Thus, these plants are benefi-
cial Fe source for humans. The highest variations are
established for Mn content (CV = 101.48%) and the
lowest for selenium (CV = 35.67%). The examined
plant species may be considered as non-toxic natu-
ral source of essential microelements.

This paper is one of the rare comprehensive
examinations of mineral composition of plants from
different geographical regions of Serbia and repre-
sents a basis for further research on availability and
interactions with other tea constituents. However,
continuous monitoring of products for human con-
sumption conducted by relevant institutions is indis-
pensible. Thus, there is an increasing demand for
even more reliable and rapid methods of quality
control of medicinal plants. Cultivation of medicinal
plants and good agricultural practice are the first
step in quality and health safety assurance of plant-
based medicinal products.
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Abstract: A stability-indicating HPLC-UV method for the determination of dapoxetine hydrochloride in solu-
tion and pharmaceutical product was developed. The mobile phase was composed of acetonitrile and 0.2 M
ammonium acetate buffer at 50 : 50 ratio. The chromatographic parameters, theoretical plates (N), tailing fac-
tor (T), capacity factor (k’) and peak asymmetry factor (As) were calculated. Stress degradation studies, name-
ly, acid, alkali, oxidation, heat and UV light, were performed. The analyte was eluted at 5.8 min using gradient
system at a flow rate of 1.5 mL/min. The theoretical plates count was > 2000, tailing factor < 1.54, capacity
factor > 5.38 and peak asymmetry factor was < 1.10. The method was linear from 1 to 40 pg/mL with a corre-
lation coefficient of 0.9994. The intraday precision and accuracy values were 0.14—1.54% and 0.63-1.83%,
respectively. On the other hand, the interday precision and accuracy results were 0.49-1.83% and 1.15-1.85%,
respectively. The drug solution was stable at ambient room temperature (26°C) for 48 h. Dapoxetine HCI was
found susceptible to oxidation and degraded slightly under acid and alkali conditions but was stable under UV
light and heat. No interference from tablet excipients and degradation products was found. Hence, the method
can be employed as a stability-indicating method for the determination of dapoxetine HCI in pharmaceutical

products.

Keywords: dapoxetine HCI, stress degradation study, stability indicating HPLC-UV method

Dapoxetine hydrochloride (dapoxetine HCI),
(1S)-N,N-dimethyl-3-naphthalen-1-yloxy-1-phenyl-
propan-1-amine hydrochloride, belongs to a phar-
macological group called selective serotonin reup-
take inhibitors (1). The chemical structure of dapox-
etine HCI is shown in Figure 1. Dapoxetine HCI is
used in the treatment of anxiety disorder and depres-
sion. It was also reported to delay ejaculation in men
during sexual relationship and patented for prema-
ture ejaculation (2).

Up-to-date, there are only a few publications
on quantification of dapoxetine HCI. Giri et al. (1)

_CH
N 3

\
CH,
* HCI

Figure 1. Chemical structure of dapoxetine HCl

reported a HPLC-UV method for simultaneous
quantification of tadalafil and dapoxetine in drug
solution. The linearity of dapoxetine HCI only cov-
ered the range of 0.75-12 pg/mL, which might not
be sufficiently sensitive to detect dapoxetine HCI in
dissolution study. Chandran et al. (3) reported a RP-
HPLC method to simultaneously quantify tadalafil
and dapoxetine HCI but dapoxetine HCl was eluted
at 11.4 min, which was too long. The UV spec-
trophotometric method reported by Amin et al. (4)
and thin layer high performance liquid chromatogra-
phy reported by Pandya et al. (5) were not selective
and specific.

Hitherto, the reported methods did not carry
out suitability tests and stress degradation study on
dapoxetine HCI solution and tablets. The environ-
mental factors such as temperature, humidity, and
light can be detrimental to active pharmaceutical
ingredient (6) and its quality might be greatly com-
promised by the changes in the environmental fac-
tors (7). International Conference on Harmonization
(ICH) guideline on Stability Testing of New Drug
Substances and Products requires stress tests to elu-
cidate the inherent stability characteristics of the
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active pharmaceutical ingredient. Stability-indicat-
ing methods have received considerable attention
for the determination of drugs (8).

The aim of this study was to develop and vali-
date a simple, rapid and reproducible stability-indi-
cating RP-HPLC-UV method to quantify dapoxe-
tine HCI in drug solution and a pharmaceutical prod-
uct, Priligy® tablets.

EXPERIMENTAL
Materials

Dapoxetine hydrochloride was a free sample
from Rakshit Drugs PVT LTD. (India). Ammonium
acetate, potassium dihydrogen phosphate, HPLC-
grade acetronitrile, analytical grade hydrochloric
acid, sodium hydroxide and analytical grade hydro-
gen peroxide solution were purchased from Merck
(USA). Priligy® tablets (Janssen-Cilag, Italy) were
purchased from a local pharmacy.

Instrumentation

The HPLC system comprised of a Shimadzu
(VP series, Kyoto, Japan) pump (LC-20AT vp) with
solvent cabinet, a degasser (DGU-20A;), a column
oven (CTO-10S VP), an auto-injector (SIL-20A HT

VP), a UV/VIS detector (SPD-20A vp), and a com-
puter software (LC-Solution VP).

Chromatographic condition

The separation was carried out using a
Synchronize (Thermo Scientific, USA) C-18 col-
umn (150 X 4.6 mm ID, 5 pm). The column temper-
ature was set at 30°C. The detection wavelength was
240 nm. Sample of 25 pL. was injected onto the col-
umn.

Mobile phase optimization and elution system

Different compositions of mobile phase were
studied to determine the optimum mobile phase for
good resolution and short elution time. Two elution
methods were studied, namely, isocratic and gradi-
ent systems.

For isocratic elution system, various composi-
tions of mobile phase studied are shown in Table 1.
The 0.2 M buffer solution was prepared by weighing
15.42 g of ammonium acetate and dissolving in 1 L
of distilled water. The buffer solution was mixed
with acetonitrile, accordingly. The mobile phase
was filtered through 0.45 wm nylon membrane filter
(Whatman, UK) under vaccum using a filtration set.

Table 1. Various compositions of mobile phase used for isocratic system.

Acetonitrile : 0.2 M ammonium acetate buffer pH Flow rate
(v/v) (mL/min)
30:70 7.20 1.2
30:70 6.00 1.2
30:70 5.00 1.2
50:50 7.40 1.2
70: 30 7.70 1.5
90:10 7.90 1.5
Table 2. Various composition of mobile phase and time programme for gradient system.
. Acetonitrile : 0.2 M ammonium acetate buffer
B (VIV)
Trial 1 Trial 2 Trial 3
0.00 50:50 50:50 50:50
0.50 50:50 50:50 50:50
2.50 60 : 40 75:25 90:10
6.50 60 : 40 75:25 90: 10
6.51 50:50 50:50 50:50
8.00 50:50 50 :50 50:50
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Figure 2. Chromatogram of 40 pg/mL dapoxetine HCI solution (RT = 5.812 min)
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Figure 3a. Chromatogram of drug solution (zero hour) in oxidative degradation
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Figure 3b. Chromatogram of drug solution (after 3 h) in oxidative degradation study

The filtered mixture was degassed using a ultrason-
icator for 15 min.

On the other hand, for gradient elution system,
acetonitrile and 0.2 M buffer solution was run
according to the time program presented in Table 2.

Preparation of stock standard solution

Forty milligrams of dapoxetine HCl working
standard was weighed and transferred to a 100 mL
volumetric flask and dissolved in 50 mL of mobile
phase. The volumetric flask was shaken using ultra-
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sonicator for 5 min. The solution was diluted to vol-
ume with mobile phase. The stock standard solution
had a concentration of 400 pg/mL of dapoxetine
hydrochloride.

Preparation of working standard solution

Two and a half milliliters of stock standard
solution (400 ng/mL) was pipetted into 10 mL vol-
umetric flasks and diluted to final volume with
mobile phase and mixed well. This working stan-
dard solution had a concentration of 100 pg/mL of
dapoxetine HCI.

Preparation of standard drug solutions for stan-
dard calibration curve

Samples of 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 and 4.0
mL of the working standard solution were pipetted
into seven separate 10 mL volumetric flasks and
diluted to the final volume with mobile phase and
mixed well. These seven standard solutions had con-
centrations of 1, 2, 4, 8, 16, 32 and 40 pg/mL of
dapoxetine HCI.

Preparation of quality control standard solutions

Three quality control standard solutions at 3
(low), 20 (medium) and 30 (high) pug/mL were pre-
pared and used in method validation. Samples of
0.3,2.0 and 3.0 mL of the working standard solution
were pipetted into three separate 10 mL volumetric
flasks and diluted to the final volume with mobile
phase and mixed well. These three quality control
standard solutions had concentrations of 3, 20 and
30 pg/mL of dapoxetine HCI.

System suitability study
The chromatographic parameters, such as: the-
oretical plates (N), tailing factor (T), capacity factor

ed. The value of tailing factor should be not more
than 2.0 (9). Peak asymmetry factor (As) is the sim-
plest way of measuring the degree of peak distortion
(skew). The peak asymmetry was determined at
10% peak height. For a tailed peak, As > 1. For a
fronted peak, As < 1. For a symmetric peak, As = 1.
Recommended acceptance criteria for asymmetry
factor is between 0.9 to 1.1 (10, 11). Capacity factor
(k’) is an indicator of efficiency of a column to
retain sample molecule during an isocratic separa-
tion. The literature proposed the acceptable k’ value
ranges 2—10 (11).

Linearity

Few concentrations of calibration standard
namely: 1, 2, 4, 8, 16, 32 and 40 pg/mL were pre-
pared using the stock solution described above. The
standard calibration curve was constructed using
peak area versus known concentrations of dapoxe-
tine HCI. The linear regression line was used to
determine the linearity and concentration of the
samples. The linearity of dapoxetine HCI was con-
ducted using six sets of the calibration standards.

Precision and accuracy

Three quality control standard solutions at 1
(LOQ), 3, 20 and 30 ug/mL, were prepared to deter-
mine the method precision and accuracy. For intra-
day precision and accuracy, six sets of standard solu-
tions were assayed on the same day. For inter-day
precision and accuracy, six sets of standard solutions
were injected over six consecutive days, with one
standard calibration curve injected on each day. The
coefficient of variation (% CV) was calculated for the
precision of the assay, using the following equation:

Standard deviation

CV (%) = X 100%
(k’) and peak asymmetry factor (As), were calculat- (%) Mean volume ’
Table 3. Results of system suitability at LOQ and three quality control samples. The mean £ SD, n = 6.
Dapoxetine HCI
Parameter (ug/mL)
1.0 3.0 20.0 30.0
Theorectical plates 18706.10 16880.03 + 16721.05 = 16877.40 +
662.89 1019.93 1650.51 1399.83
Tailing factor 1.33 £ 0.04 1.52 +0.10 1.54 £0.16 1.51+0.14
Peak asymmetry factor 1.08 £0.13 1.09 £ 0.03 1.10 £ 0.05 1.08 + 0.04
Capacity factor 5.43+0.01 5.40 £ 0.03 5.39+£0.03 5.38 £0.03
Resolution 25.88 £ 1.65 24.34 +1.02 25.37+0.79 25.55 +0.67
Height equivalent
to the theoretical 8.03 £0.29 8.91+0.52 9.04 £0.83 8.94+£0.72
plate (HETP)
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Table 4. Results of six standard calibration curves.

Set Slope Intercept R*
1 45502.03 5079.47 0.9995
2 44652.70 4475.19 0.9995
3 44889.85 4752.52 0.9994
4 44982.31 5550.40 0.9992
5 45053.13 1792.50 0.9992
6 45056.47 3381.20 0.9997
Mean 45022.75 4171.88 0.9994
SD 278.57 1374.03 0.0002

The accuracy was presented as the relative per-
centage error (% bias) of calculated concentration of
the samples. The accuracy was computed using the
following equation:

(Calculated concentration — Cgy)

Csld

Accuracy = x 100%

where C, = the concentration of standard solution.

Limit of quantification (LOQ)

The LOQ was the lowest point of concentra-
tion in the calibration curve. Acceptance criteria
were RSD of 2% for precision and accuracy of 2%.

Limit of detection (LOD)

The LOD value was determined by injecting
samples successively until a concentration at a sig-
nal to noise ratio of 3:1 was obtained.

Stock solution stability

The stock standard solution of dapoxetine
hydrochloride (400 pg/mL) was kept at ambient
room temperature (26°C, 65% RH). Sample was
injected and collected at 6 and 48 h. The instrumen-
tal responses at 6 and 48 h were compared with fresh
samples.

Stress degradation studies

Dapoxetine HCL solution of 0.35 mg/mL was
prepared by weighing 35 mg of dapoxetine HCI
powder (equivalent to 30 mg of dapoxetine) and dis-
solving it in a 100 mL volumetric flask. On the other
hand, ten tablets of Priligy® were crushed with mor-
tar and pestle. Powder with weight equivalent to the
mean weight of ten tablets (containing 35 mg of
dapoxetine HCI equivalent to 30 mg of dapoxetine)
was taken and dissolved in a 100 mL volumetric
flask. The mixture of 0.2 M phosphate buffer and
acetonitrile (50 : 50, v/v) was used as solvent.

Acid degradation study

One milliliter of the sample solution was trans-
ferred into a 10 mL volumetric flask. Two sets of
flasks for each study were prepared. Three milli-
liters of 3 M HCI was added into each of the flask.
For the first set, 3 mL of 3 M NaOH was added
immediately to neutralize the solution and adjusted
to volume. It served as the zero hour sample.
Twenty five microliters of the solution was injected
into HPLC apparatus. Another set of flasks was left
on the bench under room temperature (28°C, 60%
RH) and the same neutralization procedure was per-
formed after 3 h.

Alkali degradation study

One milliliter of the sample solution was trans-
ferred into a 10 mL volumetric flask. Two sets of
flasks for each study were prepared. Three milli-
liters of 3 M NaOH was added into each of the flask.
For the first set, 3 mL of 3 M HCI was added imme-
diately to neutralize the solution and adjusted to vol-
ume. It served as the zero hour sample. Twenty five
microliters of the solution was injected into HPLC
apparatus. Another set of flasks was left on the
bench under room temperature (28°C, 60% RH) and
the same neutralization procedure was performed
after 3 h.

Oxidative (H,0,) degradation

One milliliter of the sample solution was trans-
ferred into a 10 mL volumetric flask. Two sets of
flasks for each study were prepared. Three milli-
liters of 35% H,0, was added into each flask. For
the first set, the solution was adjusted to volume and
25 uL of the solution was injected into HPLC col-
umn immediately. It served as zero hour sample.
Another set of flasks was left on the bench under
room temperature (28°C, 65% RH) and the same
procedure was performed after 3 h.
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Heat degradation study

One milliliter of the sample solution was trans-
ferred into a 10 mL volumetric flask. Two sets of
flasks were prepared. For the first set, the solution
was adjusted to volume and 25 pL of the solution
was injected into HPLC column immediately. It
served as the zero hour sample. Another set of flasks
was heated in water bath at 80°C and the samples
were injected after heating for 2 h.

UV light degradation

One milliliter of the sample solution was trans-
ferred into a 10 mL volumetric flask. Two sets of
flasks were prepared. For the first set, the solution
was adjusted to volume and 25 pL of the solution
was injected into HPLC column immediately. It
served as the zero hour sample. Another set of flasks
was stored in UV cabinet (254 nm) and the samples
were injected after 24 h.

Assay of dapoxetine HCI in pharmaceutical
tablet

The HPLC-UV method was applied to deter-
mine dapoxetine HCI content of Priligy®, a commer-
cial immediate release dapoxetine HCI tablets. Ten
tablets were weighed and crushed using mortar and
pestle. The powder was mixed well. Powder with
weight equivalent to the mean weight of ten tablets
(containing 30 mg of dapoxetine) was taken and dis-
solved in a 10 mL volumetric flask with mobile
phase. The solution was subjected to sonication for
15 min. The sample of 0.1 mL was drawn and dilut-
ed with mobile phase to 10 mL in a volumetric flask
to give a drug concentration of 30 pug/mL. The sam-
ple of 25 uL was injected into the HPLC system.

RESULTS
System suitability

The result of theoretical plates number (N),
tailing factor (T), peak asymmetry factor (As),

KAI BIN LIEW and KOK KHIANG PEH

capacity factor (k’), resolution and height equivalent
to theoretical plate (HETP) at three QC concentra-
tions and LOQ are shown in Table 3. The average
theoretical plate was > 2000. Both tailing factor (<
2) and peak asymmetry factor (0.9-1.1) met the
requirement stated in USP 34. The capacity factor
was in the ideal range between 2 and 10 (11).

Linearity

The standard calibration curve exhibited an
excellent linearity and a good correlation coefficient
over the given range of 1-40 pug/mL of dapoxetine
HCI. The mean linear regression equation from six
calibration curves was, y = 45022.75 (£ 278.57) x +
4171.88 (£ 1374.03), (x = dapoxetine concentration,
y = average peak area), with a correlation coefficient
of 0.9994 (0.0002) as given in Figure 4. The six
standard calibration curves were injected over six
days to test the reproducibility of the method. The
results are presented in Table 4.

Precision and accuracy

The results of precision and accuracy are
shown in Table 5. Precision and accuracy were test-
ed at four concentrations, namely, LOQ, 3, 20 and
30 wg/mL. Intra-day precision was in the range of
0.14-1.54% whereas intra-day accuracy was in the
range of 0.63-1.83%. Inter-day precision and accu-
racy were in the range of 0.49-1.83% and
1.15-1.85%, respectively. The results were within
the £ 2% range recommended by USP guidelines.
Hence, the method indicates good precision and
accuracy.

Specificity

There was no peak found at the retention time
of the analyte in the blank solution. The results from
the stress testing studies indicated that the method
was highly specific for dapoxetine HCI. The degra-
dation products were completely resolved from the
parent compound.

Table 5. Result of intra-day and inter-day precision and accuracy. The result is presented as the mean, n = 6.

Intra-day Inter-day
Conc. (ug/mL) Precision Accuracy Precision Accuracy
(% CV) (% bias) (% CV) (% bias)
1 1.38 1.83 1.83 1.63
3 1.54 0.63 0.89 1.15
20 0.14 1.55 0.49 1.51
30 0.20 1.81 0.98 1.85
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Table 6. Results of stress degradation studies. The mean £ SD, n = 3.

Exposure time (h)
Parameters Assay at O h Assay after 3 h
(%) (%)
In drug solution 99.87 £ 0.15 95.18 + 1.34
Acid hydrolysi
C1e Y EroTysts In tablet formulation 101.00 £ 0.03 93.51 £ 0.05
In drug solution 99.25 +1.28 97.57 £ 0.75
Alkali hydrolysis B ;
in tablet formulation 100.48 + 0.05 98.40 £ 0.75
In drug solution 83.58 £2.47 5.88 £3.59
H,0O, Oxidation :
In tablet formulation 81.05+1.45 1.56 £ 0.96
In drug solution 100.45 + 0.29 101.53 £ 0.52
Heat degradati
cat degracation In tablet formulation 99.38 + 0.05 101.85 £ 3.50
In drug solution 100.08 £ 1.34 101.94 + 0.88
UV degradati
cgracation In tablet formulation 101.97 + 3.67 105.28 + 5.24
2000000
1800000 y =45023x + 4171.9
R2 =0.9994
1600000
1400000
® 1200000
©
< 1000000
o3
o
800000
600000
400000
200000
0
0 10 20 30 40 50

Concentration of dapoxtine (ug/mL)

Figure 4. Mean standard calibration curve. The mean + SD (n = 6)

LOQ and LOD

The LOQ was 1 pg/mL with inter-day preci-
sion and accuracy of 1.83 and 1.63%, respectively.
The LOD was 0.01 pg/mL.

Stock solution stability

The percentage of dapoxetine HCl remained
after 6 and 48 h storage at ambient room tempera-
ture was 99.70 and 99.32%, respectively. The results
suggest that the stock solution was stable for 48 h
when kept at ambient room temperature.

Assay of dapoxetine content in tablet
The result of assay content of Prilligy tablets
calculated in this study was within 98-102%.

DISCUSSION

Initially, Synchronize C-18 analytical column
with 250 mm length was used. However, the elution
time of the analyte was too long for all the composi-
tions of acetonitrile and 0.2 M ammonium acetate
buffer studied, ranging from 20 to 30 min. At ace-
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tonitrile content of 90%, an elution time of 20 min
was obtained, which was too long. Although a short-
er Synchronize C-18 column with 150 mm length
was used, the elution time could only be shortened
to 16 min. The elution time was considered too long
and unsuitable for analysis of large quantity of sam-
ples. As such, gradient elution system was studied.

It was found that gradient elution is able to pro-
duce a relatively higher peak height in a shorter
operation cycle when compared with isocratic elu-
tion (12). Figure 2 shows the chromatogram of 40
pg/mL dapoxetine HCI in drug solution separated
using gradient elution system. The composition of
mobile phase of trial 3 was selected based on the
shortest elution time. The retention time was 5.8
min. This method was used for method validation
procedure and subsequent tests. The method was
validated and reproducible.

Susceptibility to oxidation, hydrolytic, and
photolytic stability are required by the ICH guide-
line (8). An ideal stability-indicating method is one
that can quantify the standard drug alone and also
resolve its degradation products (13). The chro-
matograms of oxidative degradation study in drug
solution at zero hour and 3 hours are presented in
Figures 3a and 3b, respectively. The method was
able to separate both analyte and degradation prod-
uct peak that was eluted at 1.05 min. The results of
acid, alkali, oxidation, heat and UV degradation are
shown in Table 6, respectively. Dapoxetine HCI was
found easily oxidized by hydrogen peroxide even
just exposed to it for 5 min (from preparation to
injection). The assay of drug dropped slightly in
acid and alkali condition. Dapoxetine HCl was
found stable in UV light and heat.

CONCLUSION

It can be concluded that a stability indicating
HPLC-UV method for determination of dapoxetine
HCI in tablets was successfully developed. The
method was rapid, simple, precise, sensitive and

reproducible. The method can also be used to assay
dapoxetine HCI in other pharmaceutical dosage
forms such as capsules.
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Abstract: To discover new bioactive lead compounds for medicinal purposes, herein, (E)-3-(substituted
amino)-1-thiophen-2-yl-prop-2-en-1-ones 3-8, aminopyridines 9—11, benzylamine 12, nicotinamide 13, pyrim-
idines 14, 15, hexanoic acid 16 and triazolopyrimidine 19 were prepared and tested for cytotoxic activity.
Results showed that the tested compounds exhibited a remarkable activity, especially compounds 3 and 19 with
1Cs, values (55.2 and 50.49 uM, respectively) compared to doxorubicin (ICs, = 71.8 uM) as a reference drug.
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activity

Thiophenes have been reported to possess
interesting biological and pharmacological activities
and several derivatives with this ring are used as
antibacterial (1-4), anti-inflammatory (5), anti-
cancer (6—12), and antiviral (13) agents. Moreover,
from the literature survey it was found that aniline,
pyridine, nicotinamide, pyrimidine, triazolopyrimi-
dine derivatives showed wide spectrum of biological
activities, especially anticancer activities (14—19).
As a part of our ongoing research program directed
towards developing new approaches to a variety of
heterocyclic ring systems for anticancer activity,
especially those containing sulfur compounds
(20-27), we report herein the utility of (E)-3-
(dimethylamino)-1-(thiophen-2-yl)prop-2-en-1-one
2 (28) for the synthesis of target compounds.

EXPERIMENTAL

Chemistry

Melting points are uncorrected and were deter-
mined on BUCHI melting point apparatus B-545
(BUCHI Labortechnik AG CH-9230 Flawil, Switzer-
land). Elemental analyses (C, H, N) were performed on

* Corresponding author: e-mail: mmsghorab@ gmail.com
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Carlo Erba 1108 Elemental Analyzer. All these data
were within £0.4% of the theoretical values. The IR
spectra (KBr) were measured on Shimadzu IR 110
spectrophotometer (Shimadzu, Koyoto, Japan),
'HNMR and “"CNMR spectra were obtained by a
Bruker proton NMR-Avance 500 instrument (500
MHz) (Bruker, Germany), in dimethyl sulfoxide-d, as
a solvent, using tetramethylsilane (TMS) as an internal
standard. All reactions were monitored by thin layer
chromatograph using precoated aluminium sheets
(Silica gel Merck 60 F,s,) and were visualized by UV
lamp (Merck, Germany). All chemicals were commer-
cially supplied from Sigma-Aldrich, USA.

(E)-3-(dimethylamino)-1-thiophen-2-yl-prop-2-
en-1-one (2)

Compound 2 was prepared according to previ-
ously described method (28).

(E)-3-(3-substituted phenylamino)-1-thiophen-2-
yl-prop-2-en-1-ones (3-8)
General procedure

A mixture of 2 (28) (1.81 g, 0.01 mol) and the
appropriate amine, namely: 3-ethylaniline, 4-
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ethoxyaniline, 3,4,5-trimethoxyaniline, 2-chloro-5-
nitroaniline, 2-methyl-4-nitroaniline and 2,4-dibro-
moaniline (0.01 mol) in ethanol (20 mL) containing
acetic acid (5 mL) was refluxed for 2 h. The precip-
itated product was collected by filteration, washed
with ethanol and crystallized from dioxane to give
3-8, respectively.

(E)-3-(3-ethylphenylamino)-1-thiophen-2-yl-
prop-2-en-1-one (3)

Yield 88%; m.p. 110.5°C; IR (KBr, cm™): 3464
(NH), 2960, 2836 (CH aliph.), 1624 (C=0), 'H-
NMR (DMSO-dq, 8, ppm): 1.19 (t, 3H, CH,), 2.6 (q,
2H, CH,), 6.0, 6.3 (2d, 2H, CH=CH, J = 7.3 Hz),
7.0-8.1 (m, 7H, Ar-H), 11.7 (d, 1H, NH, J = 7.1 Hz).
BC-NMR (DMSO-d,, 8, ppm): 15.4, 28.1, 93.0,
113.1, 114.9, 115.5, 128.4, 129.6, 132.5, 139.9,
140.8, 143.7, 145.4, 146.8, 182.7. Analysis: calcd.
for C,sH;sNOS (257.35): C 70.01, H 5.87, N 5.44%;
found: C 70.32, H 6.20, N 5.60%.

(E)-3-(4-ethoxyphenylamino)-1-thiophen-2-yl-
prop-2-en-1-one (4)

Yield 78%; m.p. 135.6°C; IR (KBr, cm™): 3430
(NH), 3070 (CH arom.), 2970, 2866 (CH aliph.),
1632 (C=0). 'H-NMR (DMSO-d,, 8, ppm): 1.3 (t,
3H, CH,), 3.9 (q, 2H, CH,), 5.9, 6.9. (2d, 2H,
CH=CH, J = 7.3, 7.4 Hz), 7.4-7.9 (m, 7TH, Ar-H),
11.7 (d, 1H, NH, J = 8.1 Hz). "C-NMR (DMSO-d,,
S, ppm): 14.8,63.2,96.0,115.3,115.4,116.9, 117.6,
129.2, 133.2, 134.0, 144.4, 146.2, 147.1, 154.9,
180.4. Analysis: calcd. for C;sH;sNO,S (273.35): C
65.91, H 5.53, N 5.12%; found: C 65.68, H 5.22, N
5.40%.

(E) 3-(3,4,5-trimethoxyphenylamino)-1-thiophen-
2-yl-prop-2-en-1-one (5)

Yield 82%; m.p. 99.5°C; IR (KBr, cm™): 3406
(NH), 3089 (CH arom.), 2939, 2870 (CH aliph.),
1636 (C=0). 'H-NMR (DMSO-dq, 3, ppm): 3.6, 3.7
(2s, 9H, 30CH,), 6.3, 6.8 (2d, 2H, CH=CH; J = 8.3
Hz),7.2-7.9 (m, 5H, Ar-H), 10.9 (d, 1H, NH, J =8.1
Hz). Analysis: calcd. for C,;H,;NO,S (319.38): C
60.17, H 5.37, N 4.39%; found: C 59.88, H 5.09, N
4.72%.

(E)-3-(2-chloro-5-nitrophenylamino)-1-thiophen-
2-yl-prop-2-en-1-one (6)

Yield 69%; m.p. 177.7°C; IR (KBr, cm™): 3429
(NH), 3082 (CH arom.), 2940, 2860 (CH aliph.),
1628 (C=0), 1562, 1346 (NO,), 732 (C-Cl). 'H-
NMR (DMSO-d,, 8, ppm): 6.2, 6.8 (2d, 2H,
CH=CH, J = 7.0, 7.1 Hz], 7.3-8.0 (m, 6H, Ar-H),
10.6 (d, 1H, NH, J = 7.7 Hz). Analysis: calcd. for

C;H,CIN,O,S (308.74): C 50.57, H 2.94, N 9.07%;
found: C 50.20, H 3.30, N 9.38%.

(E)-3-(2-methyl-4-nitrophenylamino)-1-thio-
phen-2-yl-prop-2-en-1-one (7)

Yield 69%; m.p. 217.2°C; IR (KBr, cm™): 3468
(NH), 3100 (CH arom.) 2970, 2840 (CH aliph.),
1636 (C=0), 1581, 1373 (NO,), 'H-NMR (DMSO-
de, 6, ppm): 2.1 (s, 3H, CH,), 6.4, 6.9 (2d, 2H,
CH=CH, J = 7.0, 7.1 Hz), 7.0-7.9 (m, 6H, Ar-H),
10.8 (d, 1H, NH, J = 7.4 Hz). Analysis: calcd. for
C,,H,,N,O,S (288.32): C 58.32, H 4.20, N 9.72%;
found: C 58.08, H4.12, N 9.41%.

(E)-3-(2,4-dibromophenylamino)-1-thiophen-2-
yl-prop-2-en-1-one (8)

Yield 82%; m.p. 143.5°C; IR (KBr, cm™): 3448
(NH), 3048 (CH arom.), 2940, 2870 (CH aliph.),
1628 (C=0), 771 (C-Br). 'H-NMR (DMSO-d,, 9,
ppm): 6.1, 6.8 (2d, 2H, CH=CH, J = 7.4, 7.5 Hz),
7.1-7.9 (m, 6H, Ar-H), 12.0 [d, 1H,NH, J = 8.1 Hz].
BC-NMR (DMSO-d,, 8, ppm): 95.5, 114.8, 116.6,
120.0, 128.6, 132.6, 134.8, 137.5, 138.6, 143.7,
145.5, 146.5, 183.4. Analysis: calcd. for C;;H,
Br,NOS (387.09): C 40.34, H 2.34, N 3.62%; found:
C 40.10, H 2.62, N 3.33%.

(E)-3-(substituted amino)-1-thiophen-2-yl-prop-
2-en-1-ones (9-11)

A mixture of 2 (1.81 g, 0.01 mol) and 4-
aminopyridine or 3-amino-2-chloropyridine and/or
2-amino-4-chloropyridine (0.01 mol) in ethanol (20
mL) containing acetic acid (5 mL) was refluxed for
8 h. The reaction mixture was filtered while hot and
crystallized from dimethylformamide/ethanol to
give 9-11, respectively.

(E)-3-(pyridin-4-ylamino)-1-thiophen-2-yl-prop-
2-en-1-one (9)

Yield 90%, m.p. 213.4°C; IR (KBr, cm™): 3433
(NH), 3093 (CH arom.), 2970, 2860 (CH aliph.),
1639 (C=0), 1620 (C=N). 'H-NMR (DMSO-d,, 5,
ppm): 6.4, 6.8 (2d, 2H, CH=CH, J = 7.6 Hz),
7.1-8.3 [m, 7H, Ar-H], 10.8 (d, 1H, NH, J = 7.2 Hz).
Analysis: calcd. for C,,H,,N,OS (230.29): C 62.59,
H 4.38, N 12.16%; found: C 62.24, H 4.56, N
12.39%.

(E)-3-(2-chloropyridin-3-ylamino)-1-thiophen-2-
yl-prop-2-en-1-one (10)

Yield 69%; m.p. 153.2°C; IR (KBr, cm™): 3383
(NH), 3055 (CH arom.) 2940, 2863 (CH aliph.),
1701 (C=0), 1639 (C=N), 856 (C-Cl). 'H-NMR
(DMSO-d,, 8, ppm): 6.2, 7.2 (2d, 2H, CH=CH, J =
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6.8, 6.9 Hz), 7.3-8.0 (m, 6H, Ar-H], 12.0 (d, 1H,
NH, J =7.4 Hz) *C-NMR (DMSO-d,, 3, ppm): 96.3,
123.6, 124.1, 128.6, 136.0, 138.0, 141.4, 142.4,
143.5, 1454, 146.3, 183.7. Analysis: calcd. for
C,H,CIN,OS (264.73): C 54.44, H 3.43, N 10.58%.
found: C 54.63, H 3.81, N 10.21%.

(E)-3-(4-chloropyridin-2-ylamino)-1-thiophen-2-
yl-prop-2-en-1-one (11)

Yield 76%; m.p. 200.8°C; IR (KBr, cm™): 3448
(NH), 3060 (CH arom.), 2980, 2872 (CH aliph.),
1632 (C=0), 1592 (C=N), 775 (C-Cl). 'H-NMR
(DMSO-d,, 3, ppm): 6.4, 6.9 (2d, 2H, CH=CH, J =
7.6, 7.7 Hz), 7.2-8.0 (m, 5H, Ar-H), 8.3 (s, 1H,
N=CH), 10.6 (d, 1H, NH, J = 8.2 Hz). "C-NMR
(DMSO-d,, 8, ppm): 97.3, 115.6, 123.4, 131.3,
133.1, 134.2, 148.8, 151.3, 152.8, 153.8, 163.4,
190.2. Analysis: calcd. for C,,H,CIN,OS (264.01):
C 54.44,H 3.43, N 10.58%; found: C 54.71, H 3.72,
N 10.30%.

(E)-3-(4-chlorobenzylamino)-1-thiophen-2-yl-
prop-2-en-1-one (12), (E)-N-(3-0x0-3-thiophen-2-
yl-prop-1-en-yl nicotinamide (13) and (E)-3-
(pyrimidin-2-yl-amino)-1-thiophen-2-yl-prop-2-
en-1-one (14)

A mixture of 2 (1.81 g, 0.01 mol) and 4-
chlorobenzylamine or nicotinamide and/or 2-
aminopyrimidine (0.01 mol) in ethanol (20 mL) and
acetic acid (20 mL) was heated under reflux for 12
h. The obtained solid was crystallized from dioxane
to give 12—14, respectively.

12: Yield 67%; m.p. 131.7°C; IR (KBr, cm™):
3300 (NH), 3076 (CH arom.), 2940, 2834 (CH
aliph.) 1642 (C=0), 831 (C-Cl). 'H-NMR (DMSO-
ds, 6, ppm): 3.8 (s, 2H, CH,), 6.7, 7.4 (2d, 2H,
CH=CH, J = 6.8, 6.9 Hz), 7.3-7.9 (m, 7H, Ar-H),
8.2 (d, 1H, NH, J = 8.3 Hz). Analysis: calcd. for
C,H,,CIN,OS (277.03): C 60.54, H 4.35, N 5.04%;
found: C 60.83, H 3.95, N 5.28%.

13: Yield 56%; m.p. 204.7°C; IR (KBr, cm™):
3448 (NH), 3078 (CH arom.), 2970, 2846 (CH
aliph.), 1640, 1635 (2C=0), 1610 (C=N). 'H-NMR
(DMSO-d,, 8, ppm): 7.2, 8.2 (2d, 2H, CH=CH; J =
7.1, 7.6 Hz], 7.3-9.1 (m, 7H, Ar-H + NH). 8.4 (s,
1H, N = CH). "C-NMR (DMSO-dq, 8, ppm): 99.6,
125.6, 128.8, 132.1, 135.1, 136.9, 138.1, 140.2,
142.6, 148.6, 151.8, 166.7, 186.3. Analysis: calcd.
for C;;H,(N,O,S (258.05): C 60.45, H 390, N
10.85%; found: C 60.59, H 3.56, N 10.31%.

14: Yield 70%; m.p. 192.9°C; IR (KBr, cm™):
3290 (NH), 3074 (CH arom.), 2960, 2836 (CH
aliph.), 1628 (C=0), 1573 (C=N). 'H-NMR
(DMSO-d,, 8, ppm): 6.0, 7.4 (2d, 2H, CH=CH, J =

6.6; 6.7 Hz), 7.5-8.5) (m, 6H, Ar-H), 10.6 (d, 1H,
NH, J = 6.9 Hz). Analysis: calcd. for C;;H,N,;0S
(231.05): C 57.13, H 3.92, N 18.17%; found: C
57.27, H 3.46, N 18.49).

(E)-5-(3-0x0-3-thiophen-2-yl-prop-1-enyl-
amino)pyrimidin-2,4-(1H,3H)-dione, (15), 6-(E)-
3-0x0-3-thiophen-2-yl-prop-1-enylamino)hexa-
noic acid (16) and 7-thiophen-2-yl-[1,2,4]triazo-
lo[1,5-a]pyrimidine (19)

To a solution of 2 (1.81 g, 0.01 mol) in acetic
acid (20 mL) was added appropriate amine, namely:
S-aminouracil or 6-aminocaproic acid and/or 2H-
1,2,4-triazol-3-amine 17 (0.012 mol). The reaction
mixture was refluxed for 10 h, then cooled. The
solid that deposited after cooling was filtered off and
crystallized from dioxane-ethanol mixture to give
15, 16 and 19, respectively.

15: Yield 59%; m.p. 332.0°C; IR (KBr, cm™):
3433, 3275, 3232 (3NH), 3089 (CH arom.), 2980,
2816 (CH aliph.), 1720, 1660, 1643 (3C=0), 'H-
NMR (DMSO-d,, &, ppm): 6.3, 7.2 (2d, 2H,
CH=CH, J = 7.8 Hz], 7.3-8.1 (m, 6H, Ar-H + 2NH
+ CH pyrimidine), 10.6 (d, 1H, NH, J = 7.0, Hz).
Analysis: calcd. for C,;H,N;O5S (263.27): C 50.18,
H 3.45, N 15.96; found: C 50.55, H 3.12, N 15.69%.

16: Yield 61%; m.p. 219.8°C; IR (KBr, cm™)
3490 (OH), 3160 (NH), 2931, 2858 (CH aliph.),
1683, 1628 (2C=0). 'H-NMR (DMSO-d, 8, ppm):
1.3- 2.7 (m, 10H, 5CH,], 6.1, 7.2 [2d, 2H, CH=CH,
J=1.6,7.7 Hz], 7.6-7.9 [m, 3H, Ar-H], 9.4 (s, 1H,
NH, D,O-exchangeable), 10.9 [s, 1H, OH, D,O-
exchangeable]. Analysis: calcd. for C;;H;NO,S: C,
58.40; H, 6.41; N, 5.24%; found: C, 58.62; H, 6.72;
N, 5.39%.

19: Yield 66%; m.p. 180.8°C; IR (KBr, cm™):
3105 (CH arom.), 2924, 2860 (CH aliph.), 1620
(C=N). 'H-NMR (DMSO-d,, 8, ppm): 7.0-8.0 (m,
4H, Ar-H), 8.3 (s, 1H, CH-pyrazole), 7.5, 7.9 (2d,
2H, 2CH pyrimidine, J = 7.8 Hz). Analysis: calcd.
for C,HgN,S (202.24): C 53.45, H 2.99, N 27.70%;
found: C 53.75, H 3.22, N 27.90%.

In vitro cytotoxic activity

The human tumor breast cancer cell line
(MCF7) was obtained from the National Cancer
Institute, Cairo, Egypt. The cytotoxic activity of
some newly synthesized compounds was measured
by the Sulforhodamine-B stain (SRB) assay as
reported by Skehan et al. (29). Cells were plated in
96-multiwell plate (10" cells per well) for 24 h
before treatment with the compounds to allow
attachment of cell to the wall of the plate. Tested
compounds were dissolved in DMSO and diluted
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with saline to the appropriate volume. Different con-
centrations of the compounds under test (5, 12.5, 25
and 40 umol/L) were added to the cell monolayer.
Triplicate wells were prepared for each individual
dose. Monolayer cells were incubated with the com-
pounds for 48 h at 37°C and in atmosphere of air and
5% CO,. After 48 h, cells were fixed, washed and
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in 1% acetic acid. Unbound dye was removed by
four washes with 1% acetic acid, and attached stain
was recovered with Tris-EDTA buffer. Color inten-
sity was measured in an ELISA reader (Sunostick
Medical Technology, SPR-960B, U.K.). Negative
control was added by using the cell lines with the
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Scheme 1. Synthetic pathways for compounds 2-16

Table 1. In vitro cytotoxic activity of some newly synthesized compounds against human breast cancer cell line (MCF7).

Compound concentration (Lmol/L)
Compd. | control 5 25 40 IC,,
no. uM
Surviving fraction (mean + SE) *
DOX 1.00 0.721 £ 0.020 0.546 £0.020 | 0.461 £0.010 0.494 £ 0.030 71.8
1.00 0.614 + 0.002 0.519 £ 0.009 | 0.365 £ 0.028 0.279 £ 0.047 55.2
1.00 0.810 = 0.058 0.647 £ 0.026 | 0.471 £0.030 0.311 £ 0.022 72.7
9 1.00 0.887 £ 0.032 0.672 £0.024 | 0.479 +£0.023 0.393 £ 0.015 100
12 1.00 0.683 + 0.085 0.680 £ 0.016 | 0.534 +£0.022 0.348 £ 0.043 112.1
13 1.00 0.806 + 0.008 0.631 £0.033 | 0.418 £0.032 0.332 £ 0.081 79.06
15 1.00 0.829 £ 0.017 0.636 £0.015 | 0.490 + 0.003 0.460 £ 0.027 83.3
19 1.00 0.577 £ 0.044 0.421 £0.012 | 0.369 +0.014 0.211 £ 0.065 50.49

*n = 3. DOX = doxorubicin.
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Scheme 2. Synthetic pathway for compound 19

solvent without drug. The relation between surviv-
ing fraction and drug concentration was plotted to
get the survival curve of each tumor cell line after
the specified time. The concentration required for
50% inhibition of cell viability (ICs,) was calculated
and compared with the reference drug doxorubicin
and the results are given in Table 1.

RESULTS AND DISCUSSION

Chemistry

Schemes 1 and 2 outline the synthetic pathway
used to obtain compounds 3-16, 19. The starting
material (E)-3-(dimethylamino)-1-thiophen-2-yl-
prop-2-en-1-one 2 was prepared via reaction of
acetylthiophene 1 with dimethylformamide-
dimethylacetal (DMF-DMA) (28). Treatment of
compound 2 with aniline derivatives gave the corre-
sponding secondary amine derivatives 3-8, respec-
tively (Scheme 1). The structure of the later products
were assigned on the basis of their analytical and
spectral data. IR spectra of compounds 3-8 exhibit-
ed, in each case, NH absorption bands in the region
3408-3468 cm™. Also, the enaminone 2 reacted with
4-aminopyridine or 3-amino-2-chloropyridine
and/or 2-amino-4-chloropyridine in ethanol/acetic
acid to give the corresponding pyridine derivatives
9-11, respectively (Scheme 1). When compound 2
was reacted with 4-chlorobenzylamine in refluxing
ethanol/acetic acid, it furnished the corresponding
(E)-3-(4-chlorobenzylamine)-1-thiophene-2-yl-
prop-2-en-1-one 12. On the other hand, nicoti-
namide 13, pyrimidine 14 and 15 derivatives were
obtained in good yield via reaction of compound 2
with nicotinamide or 2-aminopyrimidine or

aminouracil. (E)-4-(3-oxo-3-thiophen-2-yl-prop-1-
enylamino)butanoic acid 16 was obtained via reac-
tion of 2 with 6-aminocapproic acid (Scheme 1).
The reactivity of enaminone 2 towards some hetero-
cyclic amines was also examined. Thus, reaction of
2 with 5-amino-1,2,4-triazole in ethanol/acetic acid
yielded the respective 1,2,4-triazolo[1,5-a]pyrimi-
dine derivative 19 through the formation of interme-
diate 18. (Scheme 2). To account for the formation
of the product 19 it is suggested that the studied
reaction started with Michael-type addition of the
exocyclic amino group of the amine used to the acti-
vated double bond of 2 followed by in-situ tandem
elimination of dimethylamine to give the intermedi-
ate 18, then, dehydrative cyclization to give 19
(Scheme 2). The 'H-NMR spectrum of 19 revealed
two doublets signals at 7.5, 7.9 ppm with / = 7.8 Hz
assignable to two vicinal protons of the pyrimidine
ring residue.

In vitro cytotoxic activity

Some newly synthesized compounds were
evaluated for their in vitro cytotoxic activity against
human breast cancer cell line (MCF7). Doxorubicin,
which is one of the most effective anticancer agents,
was used as the reference drug in this study. The
relationship between surviving fraction and drug
concentration was plotted to obtain the survival
curve of breast cancer cell line (MCF7). The
response parameter calculated was the ICj, value,
which corresponds to the concentration required for
50% inhibition of cell viability. Table 1 shows the in
vitro cytotoxic activity of the tested compounds
compared to the reference drug. It was found that, in
the negative control, solvent has no effect on the
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cells as the surviving fraction is 1.00, the most
potent compounds were the aniline derivative 3 hav-
ing ethyl group at 3-position (ICs, = 55.2 uyM) and
the triazolopyrimidine derivative 19 (ICs, = 50.49
pM), which were found to be more potent than the
reference drug doxorubicin (ICs, = 71.8 uM). Also,
the aniline derivative 6 (ICs, = 72.7 pM) was found
to be nearly as potent as the reference drug. Isosteric
replacement of the benzene ring with pyridine led to
a drop in the activity as in compound 9 (ICy, = 100
pM) and also a drop in the activity was shown by
replacing the aniline ring with benzyl amine moiety
as in compound 12 (ICy, = 112.1 pM), an improve-
ment in the activity was observed upon incorpora-
tion of nicotinamide moiety in compound 13 (IC,, =
79.06 uM), while the pyrimidine derivative 15 (ICs,
= 83.3 utM) showed less activity.

CONCLUSION

From the above results, we can conclude that
administration of the tested compounds on human
breast (MCF?7) cell lines showed promising cytotox-
ic activity. The most potent compounds are (E)-3-
(3-ethylphenylamino)- 1-thiophen-2-yl-prop-2-en-
one 3 (IC5, = 55.20 pM) and 7-thiophen-2-yl-
[1,2,4]triazolo[1,5-a]pyrimidine 19 (IC;, =50.49
pM), which were found to be more potent than dox-
orubicin (IC5, = 71.8 pM), and aniline 6 carrying
chloro moiety at 2-position, nitro group at 5-position
(IC5, = 72.7 uM), which is as potent as the reference
drug.
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Abstract: Oxidative stress, increase of lipid peroxidation and resultant DNA damage are associated with patho-
physiology of many human diseases such as acute and chronic CNS injuries and diseases, cancer, and also
aging. This work was done to investigate whether water fraction from the hydroalcoholic extract of green leaf
lettuce (Lactuca sativa L.) can protect N2a cells against glucose/serum deprivation (GSD)-induced lipid per-
oxidation and DNA fragmentation. The cells were cultivated for 12 h in GSD condition in the absence or pres-
ence of the lettuce fraction. The total antioxidant ability of the lettuce water fraction was determined using fer-
ric reducing antioxidant power (FRAP) assay. The intracellular lipid peroxidation was evaluated by malondi-
aldehyde (MDA) level. DNA damage was determined using single cell gel electrophoresis. Using FRAP assay,
the antioxidant activity of lettuce water fraction was found to be 574 pmol/g, which is equivalent to 64.1 mg of
pure ascorbic acid. Exposure of the cells to GSD condition led to a significant increase of MDA level and DNA
fragmentation. Lettuce extract at 400 pg/mL could decrease the elevated intracellular lipid peroxidation and
DNA damage. The present study demonstrates that lettuce exerts genoprotective effect through inhibition of

oxidative stress.

Keywords: lettuce, water fraction, DNA damage, lipid peroxidation, antioxidant activity

It is well documented that oxidative stress,
increase of lipid peroxidation and resultant DNA
damage are major contributors to the pathophysiol-
ogy of a variety of neurodegenerative disorders
including ischemic stroke (1). By disruption of nor-
mal structure and function of cell and organelle
membrane lipid bilayers, lipid peroxidation may
alter membrane permeability, transport processes
and ?uid plasticity and also result in the generation
of several toxic aldehydes including malondialde-
hyde (MDA) and acrolein (2). These highly reactive
electrophilic aldehydes react directly with DNA and
proteins and these types of protein or DNA adducts,
if not efficiently removed, deregulate cell homeosta-
sis, which may finally lead to apoptosis (3, 4). It has
been well documented that DNA damage is associ-
ated with many human diseases such as cancer, dia-

betes, neurological degeneration, and also aging
(5-7). Therefore, to protect body cells against DNA
damage, a balance must be preserved between reac-
tive oxygen production and the antioxidant defense
system (8). Consumption of natural antioxidants like
vitamin A, ascorbic acid, vitamin E and plants
flavonoids has positive effect in combating the
oxidative stress (7).

Lettuce (Lactuca sativa L.), a vegetable of
Compositae (Asteraceae) family, is an important
leafy vegetable mainly consumed fresh in salad and
a rich source of phytochemicals with antioxidant
activity such as phenolic compounds, vitamins A, C
and E, as well as minerals, which are essential for
promoting health and preventing diseases (9—11). It
has been reported to have some medicinal values
including anti-inflammatory, analgesic and sedative-
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hypnotic activity (11-13). Deshmukh and co-work-
ers showed that lettuce protect neurons against D-
galactose-induced oxidative stress (14). Also, a
recent study demonstrated that phenolic extract of
romaine lettuce can inhibit H,0O,-induced cytotoxici-
ty via antioxidant activity (15). We previously found
that ethyl acetate and water fractions of lettuce
hydroalcoholic extract have cytoprotective proper-
ties against cell death induced by glucose and serum
deprivation (16). The present work was carried out to
investigate whether water fraction of lettuce hydroal-
coholic extract has inhibitory effect on GSD-induced
lipid peroxidation and DNA damage in N2a cells.

EXPERIMENTAL

Cell lines and chemicals

High glucose (4.5 g/L) Dulbecco’s modified
Eagles medium (DMEM), glucose-free DMEM and
fetal bovine serum (FBS) were purchased from
Gibco (Carlsbad, CA, USA). Low melting point
(LMP) and normal melting point (NMP) agarose
were obtained from Fermentas (Glen Burnie, MD,
USA). Ethylene diaminetetraacetic acid disodium
salt (Na,EDTA), Tris(hydroxymethyl)aminometh-
ane, t-octylphenoxypolyethoxyethanol (Triton X-
100), ethidium bromide, trichloroacetic acid, buty-
lated hydroxytoluene, 2,4,6-tris(2-pyridyl)-1,3,5-tri-
azine (TPTZ) and thiobarbituric acid (TBA) were
obtained from Merck (Darmstadt, Germany).
Bicinchoninic acid (BCA) protein assay kit was pur-
chased from Sigma (St. Louis, MO, USA).

Preparation of water fraction from the hydroalco-
holic extract

The fresh green leaf lettuce (Lactuca sativa L.)
collected from Neyshabure (North-East area of Iran)
was identified by the herbarium of School of
Pharmacy (Mashhad University of Medical
Sciences, Iran) and a voucher specimen (12596) has
been deposited in this institute. Fifty grams of the
aerial parts were dried, powdered and subjected to
the extraction for 24 h with 70% ethanol using
Soxhlet apparatus. The extract was then dried on a
water bath and the residue was suspended in 400 mL
of distilled water. Then, it was partitioned with ethyl
acetate (6 x 300 mL). The ethyl acetate-soluble frac-
tion was separated and the remained solution further
partitioned with n-butanol (6 x 300 mL). The supe-
rior n-butanol layer was also removed and the lower
water-soluble layer was considered as water fraction
(WF) (17-19). The resulting fraction was dried on a
water bath (the yield was 19.9%) and working solu-
tions were made up in culture media.

Cell culture and treatment

The N2a (mouse neuroblastoma cell line) cells
were cultivated in high-glucose DMEM supple-
mented with 10% FBS. The cells at sub-confluent
stage were harvested using trypsin and seeded in 96-
well plate. Twenty four hours later, the standard
medium was replaced by glucose- and serum-free
DMEM (GSD) to induce DNA damage. The cells
were further incubated in this condition for 12 h at
37°C and 5% CO,. In treatment groups, the cells
were preincubated with WF (50 and 400 pg/mL) for
2 h and then incubated simultaneously for another
12 h in GSD condition. These doses were chosen
based on ICs, (concentration of 50% inhibition) cal-
culated from earlier experiments (16). Blank and
solvent controls were treated identically.

Ferric/reducing antioxidant power (FRAP) assay

The total antioxidant ability of the WF was
determined using ferric reducing antioxidant power
(FRAP) assay based on the method of Benzie and
Strain (20) with some modifications (21). Briefly, to
1 mL WF in 0.1 M phosphate buffer (pH 7.3), 3 mL
of freshly prepared and prewarmed (37°C) FRAP
reagent (consisting of 300 mM acetate buffer pH =
3.6, 10 mM TPTZ in 40 mM HCI and 20 mM FeCl,
X 6H,0 in the ratio of 10 : 1 : 1, v/v/v) was added
and the reaction mixture was incubated at 37°C for
10 min. The ferric reducing ability of WF (the
absorbance of the blue colored complex of Fe'-
TPTZ) was read against the blank (3 mL FRAP
reagent + 1 mL phosphate buffer 0.1 M, pH 7.3) at
593 nm. Standard solutions of Fe" in the range of
100 to 1000 uM were prepared from ferrous sulfate
(FeSO, x 7TH,0) in distilled water. The data were
expressed as pmol ferric ions reduced to ferrous
form per gram of the extract (FRAP value).
Ascorbic acid was used as a reference. The antioxi-
dant assay was repeated three times (22).

Lipid peroxidation assay

The end product of lipid peroxidation is mal-
ondialdehyde (MDA), which reacts with TBA to
form a pink-colored complex with a peak
absorbance at 530 nm (23). To perform the assay,
the treated cells were scraped into trichloroacetic
acid (2.5%, 1 mL) and centrifuged at 13000 x g at
4°C for 2 min. The lysate supernatant (500 pL) was
removed and added to trichloroacetic acid (15%,
400 pL) and TBA 0.67%/butylated hydroxytoluene
0.01% (800 pL). BHT was added to prevent sample
oxidation during processing. This mixture was vor-
texed, boiled for 20 min and then the reaction was
stopped by cooling in an ice water bath. After cen-
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trifugation at 2500 rpm for 10 min at 4°C, the fluo-
rescence intensity of supernatant was read in excita-
tion/emission of 530/550 nm (24). The MDA
amounts were expressed as nmol/mg protein.
Protein content was determined using BCA kit.

Single cell gel electrophoresis (comet) assay

The alkaline SCGE (comet) assay was con-
ducted based on the method described previously
(25, 26). After 12 h incubation in glucose- and FBS-
free medium, the cells were harvested for alkaline
single cell gel electrophoresis (comet) assay. In
brief, 10 pL of cell suspension was mixed with 90
pL LMP agarose and the mixture was layered over a
microscope slide precoated with a layer of 100 pL
NMP agarose. The slides were then covered with a
cover slip and placed on ice to allow agarose to cool
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down and solidify. Finally, another layer of LMP
agarose was added on top. The slides were then
immersed in cold lysis solution (2.5 M NaCl, 100
mM Na,EDTA, 10 mM Trizma, 1% sarkosyl, 10%
DMSO, 1% Triton X-100, pH 10) and kept at 0°C
overnight. After that, the slides were placed on a
horizontal gel electrophoresis platform containing a
prechilled alkaline solution (300 mM NaOH, 1 mM
Na,EDTA, pH > 13) for 40 min. They were then
electrophoresed (25 V, 300 mA) at 0°C for 30 min.
Finally, the slides were rinsed gently three times
with 400 mM trizma solution (adjusted to pH 7.5 by
HCI) to neutralize the excess alkali, stained with 50
UL of 20 pg/mL ethidium bromide, and covered
with a cover slip. While undamaged cells resemble
an intact nucleus without a tail, damaged cells have
the appearance of a comet. For analysis, 150 nuclei
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Figure 1. Effect of water fraction (WF) of lettuce on lipid peroxidation induced by glucose/serum deprivation (GSD) in N2a cells. The lipid
peroxidation level was evaluated by measuring the concentration of malondialdehyde (MDA). Data are the mean £ SEM of two inde-
pendent experiments performed in triplicate; *p < 0.05 vs. untreated cells cultured in normal condition; ##p < 0.01 vs. untreated cells cul-

tured in GSD condition
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Figure 2. Effect of water fraction (WF) of lettuce on DNA damage in N2a cells cultured in the glucose/serum deprivation (GSD) condi-
tion. The percent of DNA in the comet tail (% tail DNA), which is an estimation of DNA damage, was determined using comet assay. Data

#

are mean £ SEM of two independent experiments performed in triplicate; ***p < 0.001 vs. untreated cells cultured in GSD condition; "p

< 0.05 vs. untreated cells cultured in GSD condition
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were randomly selected from three replicated slides
and examined using fluorescence microscope
equipped with an excitation filter of 520-550 nm
and a barrier filter of 580 nm. The percent of DNA
in the comet tail (% tail DNA), which is an estima-
tion of DNA damage, was analyzed using the com-
puterized image analysis software (CASP software).

Statistical analysis

The results were presented as the mean £ SEM.
Comparison between groups was made by one way
analysis of variance (ANOVA) followed by Tukey’s
post hoc test. Differences were considered signifi-
cant when p values were less than 0.05.

RESULTS

Total antioxidant activity

Using the FRAP assay, the antioxidant activity of
lettuce water fraction was found to be 574 umol/g of
dry water fraction of lettuce leaves, while the antioxi-
dant potential of pure vitamin C was 8960 umol/g.

Effect of lettuce on lipid peroxidation

Exposure of N2a cells to glucose- and serum-
free condition resulted in a significant (p < 0.05)
increase of MDA level (69.0 £ 5.7 nmol/mg protein)
as compared to control cells cultured in standard
condition (46.0 £+ 2.4 nmol/mg protein). The content
of MDA was significantly (p < 0.01) decreased in
the cells treated with 400 pg/mL (38.0 = 2.5
nmol/mg protein) of the WF (Fig. 1). The lettuce in
low concentration (50 pg/mL) failed to change
MDA concentration (70.0 £ 6.0 nmol/mg protein).

Effect of lettuce on oxidative DNA damage

The cells cultured in standard condition
showed only minor DNA fragmentation (3.4 +
1.5%) as estimated by measurement of percent of
DNA in the comet tail (% tail DNA). However, as
shown in Figure 2, glucose and serum deprivation
significantly increased the percent of DNA frag-
mentation (71.0 = 8.5%, p < 0.001). A significant
decrease in DNA damage was seen following treat-
ment with 400 ug/mL (43 + 2.5%, p < 0.05) of the
WE. Again, the lettuce fraction was ineffective on
DNA damage at concentration of 50 pg/mL.

DISCUSSION AND CONCLUSION

In the present study, we showed that lettuce has
an overall protective effect against glucose/serum
deprivation-induced lipid peroxidation and DNA
fragmentation. Deprivation of cells from glucose

and serum is a reliable in vitro model for induction
of cytotoxicity and evaluation of cytoprotective
activity of natural materials (27). It is well docu-
mented that lipid peroxidation induced by oxidative
stress plays an important role in DNA damage (6).
Since the GSD-induced overproduction of MDA
was markedly inhibited by WF of lettuce, it is rea-
sonable to assume that protective effect of this frac-
tion is mediated, at least partially, thorough its
antioxidant properties. This is in agreement with
previous studies, which revealed that lettuce is a
good source of antioxidants such as quercetin, caf-
feic acid, tocopherol, ascorbic acid, carotenoids and
phenolic compounds (3, 8). Using FRAP assay, it is
estimated that 1 g WF contains an amount of antiox-
idant power similar to that found in 64.1 mg of pure
ascorbic acid (vitamin C), highlighting the enor-
mous antioxidant potential of lettuce. Due to sever-
al reasons, one may consider the FRAP assay as
suitable method for assessment of total antioxidants
in plants. In the FRAP assay, pretreatment is not
required, stoichiometric factors are constant and lin-
earity is maintained over a wide range. Moreover,
the FRAP assay, unlike other assays, directly meas-
ures antioxidants or reductants in a sample. The
other assays indirectly measure the inhibition of
reactive species (or free radicals) generated in the
reaction mixture and therefore, the results also
strongly depend on the type of reactive species used
(28). Our result is in agreement with that of Tiveron
et al. (29) who showed lettuce present high antioxi-
dant activity not only in the FRAP assay (447.1
numol Fe"/g), but also in the DPPH (2,2-diphenyl-1-
picrylhydrazyl radical) (77.2 pmol Trolox/g) and the
a-carotene bleaching (90%) methods. The antioxi-
dant activity of lettuce correlated very well to the
total phenolic contents, mainly flavonoids
(quercetin glycosides, luteolin) and phenolic acids
(caffeoyl and p-coumaroyl esters) (29, 30). Heimler
et al. (31) also found the considerable polyphenol
content and antiradical activity in Lactuca sativa.
Antioxidant agents have differing solubilities:
water-soluble ascorbic acid, phenolic compounds,
glutathione and urate, lipid-soluble tocopherols and
carotenoids and intermediate-soluble hydroxycin-
namic acids and flavonoids (32, 33). Since we used
water-soluble fraction of lettuce, it seems that water-
soluble antioxidants such as ascorbic acid and phe-
nolic compounds are mainly involved in the cyto-
protective activity of lettuce. Beside, in our prelimi-
nary works, it was found that ethyl acetate fraction
(intermediary water-soluble antioxidants) of lettuce
can also induce cytoprotective activity (unpublished
data). Therefore, the exact nature of compounds
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responsible for the protective action of lettuce still
remained to be elucidated.

Recently, Okada and Okada (34) reported that
aqueous extract of lettuce seeds offer protection
against amyloid o (Ao)-mediated oxidative stress
and cell death using hippocampus neurons, probably
through high phenolic content and radical scaveng-
ing activity. Neuroprotective effects of phenolic
extract of romaine lettuce and its pure caffeic acid
derivatives against oxidative stress caused by hydro-
gen peroxide were also reported in PC12 cells (15).

In summary, our study revealed that water-sol-
uble fraction of lettuce exerts protective effect
against glucose/serum deprivation-induced DNA
damage. This effect is mediated through inhibition
of oxidative stress.
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Abstract: Current study was conducted to investigate antimicrobial activity of fruit extracts of two Solanaceous
plants (Solanum nigrum and Solanum xanthocarpum) found in Pakistan. Petroleum ether, chloroform,
dichloromethane, ethyl acetate, acetone, methanol and water were utilized for extraction. The highest percent-
ages of polar components of both the species were extracted by water; little amount of non-polar components
by petroleum ether while very low quantities by other solvents. Antimicrobial activities were estimated by
measuring zones of inhibition through hole-plate diffusion method, against three species of Gram positive bac-
teria, five species of Gram negative bacteria and three species of fungi selected for this study. Doses of 5, 10
and 15 mg/mL prepared through methanolic extracts of each plant’s powdered fruit material displayed signifi-
cant zones of inhibition against all three Gram positive bacteria, three of the Gram negative bacteria out of five
and against all three fungi. Although these doses exhibited significant zones of inhibition but they are not as
potent as standards: ampicillin or amphotericin B. The present study assures the possible potential of antimi-
crobial as well as antifungal activity of fruit extracts of these plants.

Keywords: antimicrobial activity, Solanum nigrum, Solanum xanthocarpum, zones of inhibition, antifungal

activity, solvent extraction

Pakistan is among the reasonably diverse coun-
tries in biological resources. Here people trust on
natural sources, have invaluable and uninterrupted
practice of the use of medicinal plants and other nat-
ural resources for healthcare necessities (1). The
knowledge of naturally occurring medicinal plants
(drugs) was slowly acquired by humans on the basis
of experience (2). Plants play important function in
developing modern medicines as they contain active
phytochemical components. They have beneficial
effects on the community by improving the health of
human beings by treating many diseases for many
years (3, 4). For such activity, the source of phyto-
chemicals have commonly found in leaves, barks,
roots, flowers, fruits and seeds of the plants (5).
Sandhu and Heinrich (6) and Gupta et al. (7) has
pointed out that many rural communities in devel-
oping countries depend on plant sources for their

nutrient and scrounge, making household utilities as
well as utilized them for fire, shadow and as herbal
drugs.

The plants usually possess antimicrobial sub-
stances for their own protection from microbial
infection and deterioration; that’s why they are
being used for the conservation and safety of food
products (8—10). Ushimaru et al. (11) assessed the
antimicrobial activity of aqueous and ethanol
extracts of nine Nigerian species against four nutri-
ent borne bacteria for checking their pharmacologi-
cal activity in the direction of formulating new anti-
abscessed agents. Many analytical reports showed
that Solanum plants are important source of large
number of phytochemical compounds with substan-
tial curative application against human pathogens
(12). So they could be assessed as an alternate way
to fight against bacterial diseases (13).

* Corresponding author: e-mail: drmianjavaid@hotmail.com; phone: 0092-300-7311771



416 KHIZAR ABBAS et al.

Black nightshade (Solanum nigrum L.) is a
weed of amentaceous land, gardens, and soils rich in
nitrogen and is broadly distributed in Pakistan (14).
The fruit of S. nigrum contains many ingredients
including fatty acid, tannins, cellulose, resins, dex-
trin, ash and moisture. Methanolic root extracts of S.
nigrum showed antimicrobial and antifungal proper-
ties (15). It was also demonstrated that the S. nigrum
extract acts as a larvicidal agent against five labora-
tory colonized strains of mosquito species (16).
Fruits also contain tropeine, an alkaloid having
mydriatic action, along with solanine (17). Four
anti-cancer steroidal glycosides; solasonine, sola-
margine, diosgenin and solasodine were isolated
from the immature S. nigrum fruits (18). Recent
phytochemical analysis of S. nigrum fruit has result-
ed in the isolation of two novel disaccharides along
with protein, fibre, carbohydrate, minerals like mag-
nesium, phosphorus and vitamin C, B and folic acid
(19).

Solanum xanthocarpum is also recognized as
Indian night-shade or yellow berried nightshade
plant. It is well versed in India and Pakistan; often
in wastage places, on roadsides and in open
spaces as well. Its fruit contains carpesterol, glu-
cose, galactose, potassium chloride, a number of
steroidal compounds and alkaloids mainly in the
form of glycoalkaloids. The flavanoids quercitrin
and apigenin glycosides were the major chemical
constituents present in the fruits of S. xantho-
carpum (20, 21). Many therapeutic activities of
the fruits of this plant have been reported. Its’
being used for itching and fever, reduces adipose
tissues as well as seminal ejaculation (22, 23).
The aqueous and organic solvent extracts of dif-
ferent parts of the plant demonstrated that all the
extracts had very strong biological inhibition
effects (24). Methanolic extracts of S. xantho-
carpum and Datura metel exhibited highly signif-
icant antifungal activity against different species
of pathogenic Aspergilli (25). Okram et al. (26)
also investigated the strong inhibitory effects on
the radiated growth of Aspergillus niger and
Trichoderma viride.

The main objective of this study was to take
into account the important aspect of antibacterial
potential of fruits of Solanum nigrum L. and
Solanum xanthocarpum Schrad & Wendl. along
with antifungal activity and the main reason for
choosing the fruits of these plants among the diver-
sity is the reality that local people often employ
these two important fruits as folk medicines for var-
ious infections. It is thus essential to assess the
medicinal plants scientifically for various com-

plaints that were made against the traditional medi-
cine in the past.

EXPERIMENTAL

Chemicals and reagents

Ampicillin pure powder (Glaxo-Smith-Kline,
Pakistan), Amphotericin B pure powder (Fada
Pharma, Argentina), Nutrient agar medium (Merck
lot no. NA806), Sabouraud dextrose agar media
(Merck lot no. 111674/249), double distilled deion-
ized water. Petroleum ether, chloroform, methanol,
DMSOQO,, ethyl acetate, acetone, dichloromethane.
All the solvents were of analytical grade.

Plant collection

Fruits of Solanum nigrum L. and Solanum xan-
thocarpum Schrad & Wendl. were collected from
the rural areas of district Muzaffargarh, South
Punjab-Pakistan. After authentication by Herbarium
staff of Bahauddin Zakariya University Multan,
Pakistan, the voucher specimens were submitted in
the Herbarium of Pharmacognosy Department,
University College of Pharmacy, University of the
Punjab, Lahore, Pakistan, for further reference. The
fruits were dried under shade for a period of one
month to achieve complete dryness and then pulver-
ized to obtain coarse and fine powders.

Solvent extraction

The weighed quantities of dried powdered mate-
rials collected from fruits of both the plants were
extracted with various solvents successively such as
petroleum ether, chloroform, dichloromethane, ethyl
acetate, acetone and water. The maceration was car-
ried out for seven days at room temperature for indi-
vidual solvent and successively repeated for each sol-
vent with a sequence as mentioned above. The
extracts for each solvent were collected separately,
then filtered and dried under vacuum in a rotary evap-
orator at 40 £ 5°C. These dried extracts were weighed
to calculate the total percentage yield for individual
solvent and were redissolved in dimethyl sulfate
(DMSO,) for antimicrobial activity analysis and
stored in labelled sterile screw capped bottles.

Preparation of methanolic extract

The weighed quantities of dried powdered
materials of fruits of both the plants were extracted
individually thrice with each time using 1 liter of
methanol by maceration for seven days at room tem-
perature. The methanolic extracts obtained from
both the plants were filtered, dried and stored
according to the procedure as mentioned above.
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Test microorganisms

Antibacterial and antifungal studies were con-
ducted upon three species of Gram positive bacteria;
Micrococcus varians (ATCC No. 9341), Micro-
coccus luteus (ATCC No. 9342), Staphylococcus
aureus (ATCC NO. 25923), five species of Gram
negative bacteria; Salmonella typhi (ATCC No.
19430), Pasteurella maltocida (ATCC No. 51687),
Escherichia coli (ATCC No. 25922), Klebsiella
pneumoniae (ATCC NO. 700721), Vibrio cholerae
(ATCC No. 39541) and three species of fungi;
Aspergillus niger (ATCC No. 16404), Aspergillus
flavus (ATCC No. 204304), Aspergillus fumigatus
(ATCC No. 204305). Pure cultures of these
microorganisms were collected from Department of
Microbiology, University of Veterinary and Animal
Sciences (UVAS), Lahore, Pakistan.

Assay methodology

Hole-plate diffusion method was employed to
test the antibacterial and antifungal activity of fruit
extracts of both the plants. A suitable suspension
(inoculum) of each microorganism was prepared by
incorporating one loop full of fresh microorganism
in 10 mL of sterilized water for injection near flame.
Ten milliliters of prepared inoculum of each Gram
positive and Gram negative microorganism was then
separately poured in each of 500 mL of sterile lig-
uefied nutrient agar medium for determination of
antibacterial activity. Similarly, 10 mL of prepared
inoculum of fungal species was separately poured in
each of 500 mL of sterile liquefied Sabouraud dex-
trose agar medium for determination of antifungal
activity. These media were properly labelled for
each microorganism and then gently shaken to allow
uniform mixing of the inoculum with the medium.
After mixing, they were poured in labelled sterile
Petri dishes in a specified quantity to maintain a
depth of media up to 8 mm, while it was being
spread with the help of spreader. Each prepared Petri
dish was gently rotated for proper and uniform
spreading of medium and allowed to solidify at
room temperature.

For different solvent extracts of S. nigrum,
eight holes were made in the solidified medium at
uniform distance from each other with stainless steel
borer and numbered as 1 to 8. Hole no. 1 was filled
with positive control reference solution while hole 8
with negative control DMSO, solvent. Holes from 2
to 7 were filled with sample solutions of different
solvents extract of S. nigrum including methanolic
extract at a dose of 20 mg/mL.

For comparative antibacterial and antifungal
activities of both the plants, three doses i.e., 5, 10

and 15 mg/mL of methanolic extracts of fruits of
both the plants were used. For methanolic extract
five holes were made in the solidified medium. The
holes were numbered as 1, 2, 3, 4, and 5 and filled
aseptically with reference and sample solutions.
Reference or positive controlled antibacterial/anti-
fungal solution were filled in hole no. 1, while hole
no. 2, 3 and 4 were filled with methanolic extract of
fruit of S. nigrum with 5, 10 and 15 mg/mL concen-
trations, respectively. The solvent extracts were
diluted to solutions of different concentrations with
DMSO, solvent. Hole no. 5 was filled aseptically
with the negative controlled reference solvent sam-
ple i.e., DMSO,. The different solvents and
methanolic extracts of fruit of S. xanthocarpum were
also treated in a similar manner.

For antibacterial activity, the Petri dishes were
kept in an incubator at 32 + 2.5°C for 48 h, whereas
for antifungal activity; the incubation temperature
was 22 + 2.5°C for 72 h. In each case, zones of inhi-
bition were observed and measured with the help of
vernier calliper. The experiments were performed in
three replicates. Results were expressed as the mean
zones of inhibition.

Statistical analysis

The mean zones of inhibitions caused by the
solvent extracts of the plant’s fruit materials and
standard drugs were calculated and reliability of the
samples was assessed by calculating standard devia-
tion.

RESULTS AND DISCUSSIONS

Fruits of S. nigrum and S. xanthocarpum col-
lected from dissimilar localities in different seasons
showed that the local mesophytic soil and climatic
conditions affected the advent of both the plant
fruits. A great variation in the appearance of fruits of
both the plants was found in the size and shape
arrangements and also in the number and color of
the berries and seeds etc. On the basis of such eco-
logical variations, different chemical identification
tests were performed to determine the naturally
occurring as well as secondary metabolites (alka-
loids, flavonoids, sapogenins, steroids, sterols etc.).
Positive results indicated the presence of these
metabolities, which caused the fruits to adjust them-
selves according to different conditions (27).

The extracts obtained by extraction of dried
powder of fruits of both the plants by using different
types of solvents, were compared for efficiency of
eluting solvents by calculating the percentage yield
of extracted materials. It was found that maximum
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Table 1. Percentage yield of the extracted materials of dried powdered fruits of S. nigrum and S. xanthocarpum
plants by different solvents.

Percentage yields

Solvents Solanum nigrum Solanum xanthocarpum
Petroleum ether 5.79 6.68
Chloroform 8.47 9.42
Dichloromethane 10.26 11.73
Ethyl acetate 12.87 13.27
Acetone 14.89 16.29
Water 41.63 42.47
Total yield 94.07 99.86
Methanol 36.52 39.56

Table 2. Antimicrobial activity of various solvent extracted materials of dried powdered fruit of Solanum nigrum (dose level = 20 mg/mL).

Zones of inhibition (mm) * SE

Microorganisms P-ether Chlo. Dimet. Et-act. Acet. Meth. Water

Gram positive bacteria
Micrococcus luteus 32+£3.1 | 92+£125| 85+£20 | 6.5+£32 7613 | 34+£21 | 135134
Staphylococcus aureus 34+£22 | 854212 75+18 | 7.2+20 83+20 | 152+35 | 14724

Gram negative bacteria

Salmonella typhi 4524 76%18 | 7615 | 6.7£25 6520 | 152+£33 | 153132
Escherichia coli 62+1.3 6.7t1.4 85+20 | 75+23 79+2.1 | 143+£2.6| 164£3.0
Fungi

Candida albicans 37£2.0 58+26 | 64+£33 | 67+13 53£1.0 | 76£1.0 | 48%2.10

P-ether = Petroleum ether; Chlo. = Chloroform; Dimet. = Dichloromethane; Et-act. = Ethyl acetate; Acet. = Acetone; Meth. = Methanol

Table 3. Antimicrobial activity of various solvent extracted materials of dried powdered fruit of Solanum xanthocarpum (dose level = 20 mg/mL).

Zones of inhibition (mm) + SE

Microorganisms P-ether Chlo. Dimet. Et-act. Acet. Meth. Water

Gram positive bacteria
Micrococcus luteus 3.6+25 75+22 | 97+12 | 9821 62+23 | 13.7+04 | 127120
Staphylococcus aureus 39+32 8.3+3.1 8.8+24 | 74+32 8021 | 141+24 | 14022

Gram negative bacteria

Salmonella typhi 6.5+22 66+24 | 89+£26 | 5.7+3.1 6011 | 141+13 | 157112
Escherichia coli 86+1. | 476+£15| 97£23 | 81+£25 89+0.7 | 142+24 | 17.8+24
Fungi

Candida albicans 5.6+£23 77+£18 | 73£37 | 60+1.0 | 43+£12 | 7.0+05 | 7.9+26

P-ether = Petroleum ether; Chlo. = Chloroform; Dimet. = Dichloromethane; Et-act. = Ethyl acetate; Acet. = Acetone; Meth. = Methanol
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Table 4. Comparative antimicrobial activities of the methanolic extract of the dried powdered fruit of S. nigrum, S. xanthocarpum and stan-

dard drugs.
Zones of inhibition (mm) * SE
Microorganisms S. nigrum (Dose = mg/mL) S. xanthocarpum (Dose = mg/mL) Stand.
drug*

s | o | s 5 10 15 (1or2)
Gram positive bacteria
Micrococcus varians 102+£13(122+£1.0{133£1.0 | 74+£23 | 9.6%2.1 10£3.2 14+£52
Micrococcus luteus 10.1£2.0|11.8+1.0/ 125+£23 | 8.6+3.2 | 92+23 11+2.1 31+43
Staphylococcus aureus 9.1+£3.1 |103+2.1|11.3+32 | 07+4.2 9.6 +£34 11.3+£2.0 925
Gram negative bacteria
Salmonella typhi 11.3+£3.1]124+4.0|146+£20 | 106+£1.2| 123+1.2 13+23 25+24
Pasteurella maltocida 82+14 |106+21]107+13 | 125+13 | 142+1.0 149 +33 20+2.2
Escherichia coli 9.0+£2.1 [11.0£1.1]11.6+2.1 [120+1.0 | 13.0£1.0 140+ 1.1 15£23
Klebsiella pneumoniae 00+£00 | 0.0+£0.0| 0.0£00 | 0.0£0.0 | 0.0+0.0 0.0£0.0 23+3.6
Vibrio cholerae 00+£00 | 00£0.0| 00£00 | 0.0£00 | 0.0+0.0 0.0£0.0 34+£32
Fungi
Aspergillus niger 46+£15 | 67+21| 93+£3.1 | 59+£1.0 | 6423 6.5+24 11+3.1
Aspergillus flavus 55+13 | 66£32| 69+£20 | 7.5+£27 | 85£25 9315 12+25
Aspergillus fumigatus 66+32 | 71+10] 7.6+32 | 74+14 | 78124 83+23 13+34

*Stand. drug — ampicillin in dose 125 mg/mL (1) and amphotericin B in dose 5 mg/mL (2).

efficiency was shown by water for both the fruits
i.e., 41.63 and 42.47%, and methanol 36.52 and
39.56% for S. nigrum and S. xanthocarpum, respec-
tively, whereas the least amount was extracted by
petroleum ether as shown in Table 1. The results
elaborate that polar solvents like methanol and water
yielded a higher percentage of extracted materials
mainly of polar components as compared to other
solvent extracts (28). Among these two solvent
extracted materials, water was found to be the most
potential candidate, which extracted the highest per-
centage of highly polar components present in the
powders of both the species (29). On the other hand,
petroleum ether is non-polar in nature and it extract-
ed the non-polar materials but yielded in least quan-
tity, which is one of the evidence that these plants
contain very small amount of non-polar compounds.
Chloroform, dichloromethane, ethyl acetate and ace-
tone possess intermediate polarities, so they extract-
ed the components from fruits that possess interme-
diate polarities but extracted in minute quantities
that is also indicative of very low percentage of
these components in the extracts (30).

The results of preliminary antimicrobial activi-
ties of various solvent extracts of fruits of both the

plants against three types of microorganisms (Gram
positive bacteria, Gram negative bacteria and fungi)
have been demonstrated in Tables 2 and 3. When
these results were critically evaluated, it was found
that the extracts, which have been extracted by using
more polar solvents have greater potential for
antimicrobial activity as compared to those extract-
ed with less polar solvents. The antimicrobial sub-
stances generally possess intermediate polarity and
smaller molecular weight antimicrobial substances
are generally miscible with polar solvents, so can be
easily concentrated in the polar solvent extracts.
Also the antimicrobial activity is always dependent
on the concentration of extracted antimicrobial
metabolites, which can be enhanced with the
increased polarity of solvents (31).

The observation that the compounds having
activity against microorganisms are more soluble in
polar solvents provides the basis for comparative
study of extracts of fruits of plants to find the mini-
mum inhibitory concentration against these organ-
isms when these were extracted with a polar solvent
— methanol. Findings of comparative antimicrobial
activities of three doses i.e., 5, 10 and 15 mg/mL of
methanolic extracts of fruits of Solanum nigrum and
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Solanum xanthocarpum, along with the standard
drugs (positive controlled reference drugs i.e., ampi-
cillin or amphotericin B) against three species of
Gram positive bacteria, five species of Gram nega-
tive bacteria and three species of fungi depict signif-
icant zones of inhibition against three Gram positive
bacteria (Micrococcus varians, Micrococcus luteus
and Staphylococcus aureus), three Gram negative
bacteria (Salmonella typhi, Pasteurella maltocida
and Escherichia coli) out of five and three species of
fungi (Aspergillus niger, Aspergillus flavus and
Aspergillus fumigatus). Although three doses of both
the extracts displayed well marked inhibitory effects
and exhibited significant zones of inhibition against
nine microorganisms, yet it appeared to possess
lesser activities than the standard ampicillin (with
standard dose = 125 mg/mL), and amphotericin B
(with standard dose = 5 mg/mL). So it is clear here
that these extracts do possess antimicrobial and anti-
fungal activity but not as potent as the standard
antibacterials and antifungals (32). Therefore, we
would like to state that the constituents of fruit
extracts may serve as a beneficial source of industri-
al drugs useful in treatment of some bacterial infec-
tions (33). Since both the plants contain alkaloids,
glycosides, lignins, tannins, and terpenoid com-
pounds like monoterpenes, sesquiterpenes, diter-
penes or triterpenes, probably these compounds get
through the bacterial and fungal cell wall/membrane
and supress their growth or if these compounds
deeply penetrated, might kill them completely.
These results are more or less similar to the previous
findings by other workers, who explored the anti-
bacterial and antifungal potential of natural prod-
ucts, against wide ranges of microorganisms, partic-
ularly from various members of family Solanaceae
(34, 35).

From comparative study, it was found that the
fruit extract of S. xanthocarpum has more antimicro-
bial activity against Gram negative bacteria as well
as showed greater antifungal activity as compared to
S. nigrum, whereas S. nigrum was found to be more
potent against Gram positive bacteria as compred to
S. xanthocarpum. The reason for being S. xantho-
carpum more potent is that it contains specifically
carpesterol and similar other steroidal glycoside,
which are absent or not present in appreciable or dis-
tinguishable quantities in S. nigrum (36). These
results have been shown in Table 4.

CONCLUSION

Above mentioned results revealed that by
increasing the polarity of various solvents, con-

centration of extracted compounds and their anti-
bacterial as well as antifungal activity increases.
That’s why the rural community mostly use it as a
folk medicine. This investigation has created the
possibility of use of these plants in drug develop-
ment for human consumption. However, the
effects of these plants on more pathogenic organ-
isms and toxicological investigations need to be
carried out.
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Abstract: The fruits of Withania coagulans Dunal (family: Solanaceae) are sweet, sedative, emetic, alterative
and diuretic; used to treat asthma, biliousness, strangury, wounds, dyspepsia, flatulent colic, liver complaints
and intestinal infections. Phytochemical investigation of the fruits yielded a withanolide tetraglucoside identi-
fied as (20S, 22R)-5a, 200-diacetoxy-6B-hydroxy-1-oxowitha-2,24-dienolide-6-B-D-glucopyranosyl-
(6’—1"")-B-D-glucopyranosyl-(6""—1"")-B-D-glucopyranosyl-(6"""—1"""")-B-D-glucopyranoside), a capry-
loyl hexaglucoside formulated as n-octanoyl-B-D-glucopyranosyl-(6a— 1b)-B-D-glucopyranosyl-(6b—1c¢)-B-
D-glucopyranosyl-(6¢c—>1d)-B-D-glucopyranosyl-(6d— le)-glucopyranosyl-(6e— 1f)-glucopyranoside and a
menthyl tetraglucoside characterized as menthol-O-0-L-glucopyranosyl-(2a— 1b)-O-a-L-glucopyranosyl-
(2b—1c¢)-0-0-L-glucopyranosyl-(2c—1d)-O-o-L-glucopyranoside along with three fatty acid esters, n-nona-
cosanyl linolenate, n-octacosanyl linolenate and n-heptacosanyl linolenate. The structures of the isolated phy-
toconstituents have been established on the basis of spectral data analysis and chemical means.

Keywords: Withania coagulans, Solanaceae, fruits, menthyl tetraglucoside, withacoagulinyl tetraglucoside,

capryloyl hexaglucoside

Withania coagulans Dunal (family: Solana-
ceae), commonly known as cheese maker or veg-
etable rennet is a rigid, gray-white undershrub,
60—120 cm high, popularly known as Indian rennet.
It is distributed from east of the Mediterranean
region extending to southern Asia; found in northern
India (1), paleotropical regions of Pakistan (2),
Afghanistan and Iran (3). The fruits are globose, red
or brownish, smooth berries, enclosed in leathery
calyx; pulp is brown having nauseous and fruity
odor (1). The fruits and leaves of this plant are used
as a coagulant. The milk coagulating property of the
fruits is attributed to the pulp and husk of the berries,
which contain an enzyme called withanin, having
milk-coagulating activity (4, 5). The fruits of the
plant are sweet, sedative, emetic, alterative and
diuretic. A composite Ayurvedic medicine ‘Liv 52’
is a hepatoprotective herbal preparation and contains
extracts from W. coagulans and W. somnifera. The
fruits are used for the treatment of asthma, bilious-
ness, strangury, wounds, dyspepsia, flatulent colic,
chronic liver complaints and intestinal infections in
the Indian traditional system of medicine (6). In
addition, W. coagulans is used to cure nervous
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exhaustion, disability, insomnia, wasting diseases,
failure to thrive in children and impotence. In some
parts of Pak-Indian sub-continent, the berries are
used as a blood purifier. The fruits contain esterases,
free amino acids, fatty oil, essential oil, alkaloids
(7), withanolide F (8), 17B-hydroxywithanolide K;
14,15B-epoxywithanolide I (9), coagulin A-S and U
(10-13), withacoagulin (7, 14), withacoagulin A-I
(15, 16), coagulanolide (17) sitosterol-f-D-gluco-
side (18), coagulansins A and B (19) and bispicro-
podophyllin glucoside (20). This article describes
the isolation and characterization of glycosides and
fatty acids from the fruits of W. coagulans procured
from Delhi.

EXPERIMENTAL

General

Melting points were determined on a Perfit
apparatus without correction. The IR spectra were
measured in KBr pellets on a Bio-Red FT-IR spec-
trometer. Ultraviolet (UV) spectra were obtained in
methanol with a Lambda Bio 20 spectrometer. 'H
(400 MHz), “C (100 MHz), COSY and HMBC
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NMR spectra were recorded on Bruker spectrospin
spectrometer. CDCl;, DMSO-d, and MeOD (Sigma-
Aldrich, Bangalore, India) were used as solvents and
TMS as an internal standard. ESI MS analyses were
performed on a Waters Q-TOF Premier (Micromass
MS Technologies, Manchester, UK) Mass
Spectrometer. Column chromatography separations
were carried out on silica gel (Merck, 60—120 mesh,
Mumbai, India). Precoated silica gel plates (Merck,
Silica gel 60 F,s,) were used for analytical thin layer
chromatography visualized by exposure to iodine
vapors and UV radiations.

Plant material

The fruits of W. coagulans were procured from
the local market of Delhi, and identified by Dr. H.B.
Singh, Scientist F and Head, Raw Materials
Herbarium and Museum, National Institute of
Science Communication and Information Resources
(NISCAIR), New Delhi. A voucher specimen of
drug was deposited in the herbarium of NISCAIR
with a reference number NISCAIR/RHMD/Consult/
-2010-11/1665/263.

Extraction and isolation

The fruits of W. coagulans (500 g) were coarse-
ly powdered and extracted exhaustively with
methanol using a Soxhlet apparatus for 18 h. The
extract was concentrated under reduced pressure to
get dark brown mass (163 g). Small portion of the
extract was analyzed chemically to determine the
presence of different chemical constituents. The
extract (50 g) was suspended in distilled water (250
mL) and partitioned with petroleum ether (250 mL X
5), successively, to give petroleum ether and water
soluble fractions. The petroleum ether fraction was
subjected to silica gel column chromatography elut-
ing with petroleum ether, petroleum ether-chloro-
form (1 : 1, v/v) and chloroform to obtained com-
pound 1, 2 and 3. The aqueous fraction was dried
and dissolved in minimum amount of methanol and
adsorbed on silica gel for preparation of slurry. The
slurry was dried and subjected to silica gel column
loaded in chloroform. The column was eluted with
chloroform-methanol (17 : 3, 3:1 and 1:1, v/v) mix-
tures to obtained compound 4, § and 6.

n-Nonacosanyl linolenate (1)

Elution of the column of the petroleum ether
fraction with petroleum ether gave pale yellow
sticky mass of 1, purified by preparative TLC
(petroleum ether), 394 mg (0.788% yield): R; 0.86
(petroleum ether-chloroform, 1 : 1, v/v); UV, ..
(MeOH): 213, 274 nm; IR v, (KBr, cm™): 2926,

2827, 1721, 1640, 1439, 1345, 1241, 1157, 1071,
1007, 789, 710; 'H NMR (CDCL,, 8, ppm): 5.37 (1H,
m, H-10), 5.33 (1H, m, H-12), 5.01 (1H, m, H-13),
4.96 (1H, m, H-15), 4.93 (1H, m, H-16), 4.90 (1H,
m, H-9), 3.66 (2H, brs, H-1°), 2.29 2H, t, J = 7.6
Hz, H-2), 2.07 2H, m, H-11), 2.04 (2H, m, H,-14),
2.01 (2H, m, H-8), 1.98 (2H, m, H,-17), 1.63 (4H,
m, 2 x CH,), 1.58 (4H, m, 2 x CH,), 1.33 (2H, m,
CH,), 1.30 (6H, m, 3 x CH,), 1.28 (8H, m, 4 x CH,),
1.25 (42H, brs, 21 x CH,), 0.88 (3H, t, J = 6.8 Hz,
Me-18), 0.83 (3H, t, J = 7.2 Hz, Me-27"); "C NMR
(CDClL,, &, ppm): 173.11 (C-1), 139.25 (C-12),
137.36 (C-13), 130.03 (C-15), 128.57 (C-10),
121.28 (C-16), 114.08 (C-9), 63.21 (C-1°), 51.44
(C-11), 34.11 (C-14), 31.95 (C-2), 31.63 (CH,),
31.44 (CH,), 30.19 (CH,), 29.72 (23 x CH,), 29.54
(CH,), 29.39 (CH,), 29.28 (CH,), 29.18 (CH,), 28.97
(CH,), 27.22 (CH,), 24.96 (CH,), 22.71 (CH,), 14.13
(C-18, C-297); ESI-MS m/z (rel. int.): 684 [M]*
(C,-Hy:0,) (49.9), 407 (4.1), 261 (32.5).

n-Octacosanyl linolenate (2)

Elution of the column with petroleum ether-
chloroform (1 : 1, v/v) yielded colorless mass of 2,
recrystallized from acetone-methanol (1 : 1, v/v),
556 mg (1.12% yield); R; 0.32 (petroleum ether-
chloroform, 1 : 1, v/v); m.p. 92-93°C; UV,
(MeOH): 222, 274 nm; IR v,,, (KBr, cm™): 2908,
2841, 1727, 1642, 1449, 1305, 1237, 1158, 720; 'H
NMR (CDCl,, 8, ppm): 5.37 (1H, m, H-10), 5.31
(1H, m, H-12), 5.27 (1H, m, H-9), 5.25 (1H, m, H-
13),4.30 (1H, dd, J =4.4,7.6 Hz, H,-1"a), 4.20 (1H,
dd, J = 6.0, 4.4 Hz, H,-1’b), 2.76 (2H, m, H,-11),
2.30 (2H, t, J = 7.2 Hz, H,-2), 2.05 (2H, m, H,-8),
2.01 (2H, m, H,-14), 1.61 (4H, m, 2 x CH,), 1.33
(2H, m, CH,), 1.31 (2H, m, CH,), 1.29 (34H, brs, 17
x CH,), 1.27 (26H, brs, 13 x CH,), 0.87 (3H, t,J =
6.8 Hz, Me-18), 0.84 (3H, t,J = 6.4 Hz, Me-28’); “C
NMR (CDCl,, 8, ppm): 171.64 (C-1), 130.24 (C-
10), 130.03 (C-12), 128.06 (C-9), 127.71 (C-13),
66.85 (C-17),34.21 (C-11), 34.01 (C-8, C-14), 31.85
(CH,), 31.55 (CH,), 29.71 (25 x CH,), 29.37 (2 x
CH,), 29.14 (CH,), 27.20 (CH,), 25.68 (CH,), 24.88
(CH,), 24.53 (CH,), 22.19 (CH,), 14.09 (C-18, C-
28’); ESI-MS m/z (rel. int.): 672 [M]* (CyHgO,)
(3.6), 279 (83.5), 263 (1.5).

n-Heptacosanyl linolenate (3)

Elution of the column with chloroform fur-
nished pale yellow mass of 3, recrystallized from
chloroform-methanol (1 : 1, v/v), 431 mg (0.862%
yield); R; 0.58 (chloroform-methanol, 9.5 : 0.5, v/v);
m.p. 115-117°C; UV,,... (MeOH): 207, 273 nm; IR
Vo (KBr, cm™): 2905, 2835, 1721, 1645, 1492,
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1419, 1242, 923, 721; '"H NMR (CDCl,, 8, ppm):
5.38 (1H, m, H-12), 5.35 (1H, m, H-10), 5.32 (1H,
m, H-9), 5.30 (1H, m, H-13), 4.28 (2H, t,J = 6.4 Hz,
H,-17),2.81 (2H, m, H,-11), 2.34 (2H, t, J/ = 7.2 Hz,
H,-2), 2.28 (2H, m, H,-8), 2.01 (2H, m, H-14), 1.64
(2H, m, CH,), 1.57 (2H, m, CH,), 1.30 (24H, brs, 12
x CH,), 1.25 (36H, brs, 18 x CH,), 0.89 3H, t,J =
6.8 Hz, Me-18), 0.84 (3H, t, J = 6.5 Hz, Me-15); “C
NMR (CDCl,, 8, ppm): 167.65 (C-1), 132.39 (C-
10), 130.99 (C-12), 128.69 (C-9), 118.41 (C-13),
71.18 (C-17),35.61 (C-2), 33.43 (CH,), 31.38 (CH,),
29.72 (27 x CH,), 29.72 (CH,), 29.56 (CH,), 29.41
(CH,), 29.27 (CH,), 26.13 (CH,), 21.15 (CH,), 14.26
(Me-18, Me-15’); ESI-MS m/z (rel. int.): 658 [M]*
(C,sHg0,) (4.8), 279 (100).

Withacoagulinyl tetraglucoside (4)

Elution of column of the water soluble fraction
with chloroform-methanol (17 : 3, v/v) gave color-
less solid mass of 4, recrystallized from methanol,
312 mg (0.624% yield); R, 0.78 (chloroform-
methanol-acetic acid, 2 : 9 : 0.02, v/v/v); m.p.
208-209°C; UV A,.. (MeOH): 225 nm (log € 4.7);
IR v, (KBr, cm'): 3480, 3365, 3260, 2977, 2842,
1722, 1704, 1684, 1382, 1214, 1073; 'H NMR
(DMSO-d,, 8, ppm): 6.77 (1H, m, H-3), 5.73 (1H, d,
J=15.6 Hz, H-2), 4.87 (1H, dd, J = 13.7, 4.8 Hz, H-
22),4.56 (1H,d,J =7.8 Hz, H-1°), 4.41 (1H,d, J =
7.2Hz,H-1""),4.29 (1H,d,J=7.1 Hz,H-1"""),4.27
(1H,d,J=7.2Hz, H-1""""),4.10 (1H, m, H-57), 4.08
(1H, m, H-5"), 4.05 (1H, m, H-5"""), 4.02 (1H, m,
H-5""), 3.87 (1H, dd, J = 7.8, 5.2 Hz, H-2"), 3.84
(1H, dd, J = 7.2, 6.4 Hz, H-2"*), 3.81 (1H, dd, J =
8.4,7.1 Hz, H-2"""), 3.79 (1H, dd, J = 7.2, 6.4 Hz,
H-2""’), 3.73 (1H, m, H-3’), 3.71 (1H, m, H-3"),
3.67 (IH, m, H-3"""), 3.64 (1H, m, H-3""""), 3.62
(1H, m, H-4’), 3.60 (1H, m, H-4""), 3.57 (1H, m, H-
4°°”), 3.56 (1H, m, H-4"""’), 3.53 (1H, dd, J = 4.8,
4.0 Hz, H-6), 3.49 (2H, d, J = 9.2 Hz, H-6"), 3.43
(2H, d,J =6.8 Hz, H-6""), 3.39 (2H, d, / = 10.8 Hz,
H-6""), 3.19 (2H, d, J = 8.2 Hz, H-6""""), 2.94 (1H,
d, J = 7.0 Hz, H-4a), 2.79 (1H, d, J = 13.7 Hz, H-
23a), 2.76 ( 1H, d, J = 4.8 Hz, H-4b), 2.75 (3H, brs,
COCH,), 2.72 (3H, brs, COCH;), 2.51 (1H, d, J =
4.8 Hz, H-23b), 2.41 (1H, m, H-14), 2.14 (1H, m, H-
15a), 1.17 (1H, m, H-15b), 2.36 (1H, dd, J = 4.8, 8.0
Hz, H-7a), 2.20 (1H, dd, J =4.0, 5.6 Hz, H-7b), 1.97
(1H, m, H-9), 1.97 (3H, brs, CH,-28), 1.86 (3H, brs,
CH;-27), 1.62 (1H, dd, J = 4.0, 7.2 Hz, H-8), 1.73
(1H, m, H-12a), 1.59 (1H, m, H-12b), 1.57 (1H, m,
H-11a), 1.53 (1H, m, H-11b), 1.55 (1H, m, H-17),
1.37 (1H, m, H-16a), 1.32 (1H, m, H-16b), 1.40 (3H,
brs, H-21), 1.29 (3H, brs, CH,-19), 1.12 (3H, brs,
CH;-18); *C NMR (DMSO-d,, 8, ppm): 203.61 (C-

1), 174.22, 172.10, 167.85 (C-26), 152.23 (C-24),
134.99 (C-3), 125.50 (C-2), 120.54 (C-25), 101.78
(C-1"), 101.58 (C-1""), 101.51 (C-1"""), 97.86 (C-
1°7), 87.44 (C-5°), 82.65 (C-57"), 81.81 (C-5"""),
81.60 (C-22), 78.51 (C-20), 76.56 (C-5""""), 76.43
(C-2°), 76.12 (C-27"), 75.54 (C-2°"), 75.35 (C-6),
174.22, 172.10, (2 x COCH,), 73.61 (C-2""""), 73.23
(C-5), 72.47 (C-3°), 70.14 (C-3""’), 69.84 (C-3"""),
69.80 (C-4"""), 68.02 (C-4"""), 68.02 (C-4"), 64.51
(C-4"), 63.17 (C-6), 63.12 (C-6""), 63.01 (C-6"""),
61.32 (C-6"""") 55.76 (C-17), 54.34 (C-10), 52.92
(C-14), 51.86 (C-9), 4291 (C-13), 37.41 (C-12),
36.12 (C-4), 34.30 (C-8), 31.78 (C-7), 29.12 (C-23),
25.53 (C-16), 24.74 (C-11), 24.70 (C-15), 21.77,
19.69 (2 x COCH;), 19.32 (C-28), 18.19 (C-21),
17.34 (C-19), 16.54 (C-27), 11.08 (C-18); ESI MS
m/z (rel. int.): 1204 [M]* (CscHgO4) (1.6), 507
(22.8),490 (4.1), 211 (3.3), 169 (5.6), 125 (4.3).
Hydrolysis of 4: Compound 4 (30 mg) was dis-
solved in ethanol (5 mL), dil. HC1 (2 mL) was added
and the reaction mixture was heated on a steam bath
for 1 h. The solvent was evaporated under reduced
pressure and the residue was dissolved in chloro-
form to separate aglycone units. The residue was
dissolved in water and chromatographed on silica
gel TLC plate along with the standard samples of
sugars using n-butanol-acetic acid-water (4 : 1 : 5,
v/v/v) as developing solvent system. The sugar was
identified as D-glucose, R; 0.12; [a],* +52.7, H,O.

Capryloyl hexaglucoside (5)

Elution of the column with chloroform-
methanol (3 : 1, v/v) afforded colorless crystalline
mass of §; recrystallized from chloroform-methanol
(1:1,v/v), 248 mg (0.496% yield); R;0.67 (chloro-
form-methanol, 1 : 9, v/v); m.p. 131-132°C; UV
A (MeOH): 211 nm (log € 4.7): IR v,,,, (KBr, co
"): 3445, 3328, 3278, 2916, 2838, 1723, 1641,1356,
1226, 1053, 811; 'H NMR (MeOD, 9§, ppm): 5.41
(1H, d, J = 8.0 Hz, H-1a), 5.16 (1H, d, J = 7.5 Hz,
H-1b), 5.12 (1H, d, J = 7.3 Hz, H-1¢), 4.81 (1H, d, J
=7.0 Hz, H-1d), 4.52 (1H, d, J = 7.5 Hz, H-1e), 4.49
(1H, d, J = 8.3 Hz, H-1f), 4.08 (1H, m, H-5d), 4.06
(1H, m, H-5a), 4.04 (1H, m, H-5b), 4.02 (1H, m, H-
5¢), 3.99 (1H, m, H-5e), 3.89 (1H, m, H-5f), 3.88
(1H, m, H-2b), 3.86 (1H, m, H-2¢), 3.85 (1H, m, H-
2d), 3.83 (1H, m, H-2e), 3.82 (1H, m, H-2f), 3.76
(1H, m, H-3b), 3.75 (1H, m, H-3¢), 3.74 (1H, m, H-
3d), 3.71 (1H, m, H-3e), 3.69 (1H, m, H-3f), 3.67
(1H, m, H-4a), 3.66 (1H, m, H-4b), 3.64 (1H, m, H-
4¢), 3.61 (1H, m, H-4d), 3.55 (1H, m, H-4e), 3.53
(1H, m, H-4f), 3.40 (1H, d, J = 7.2 Hz, H-6a), 3.39
(1H, d, J = 6.8 Hz, H-6a), 3.33 (1H, d, J = 8.0 Hz,
H-6b), 3.33 (1H, d, J = 8.0 Hz, H-6¢), 3.30 (1H, d, J
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Figure 1. Structure of compounds 1-6 isolated from the methanolic extract of fruits of W. coagulans
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=9.0 Hz, H-6d), 3.32 (1H, d, J = 9.2 Hz, H-6e), 3.18
(1H, d, J = 6.4 Hz, H-6f), 3.16 (1H, d, J = 7.2 Hz,
H-6f), 2.83 (2H, t,J = 7.2 Hz, H-2), 2.77 (2H, m, H-
3), 1.87 (2H, m, H-4), 1.29 (2H, m, H-5), 1.27 (2H,
brs, H-6), 1.27 (2H, brs, H-7), 0.85 (3H, t, J = 6.3
Hz, H-8); *C NMR (MeOD, 9§, ppm): 172.08 (C-1),
104.51 (C-1a), 103.85 (C-1b), 101.74 (C-1c), 97.92
(C-1d), 96.68 (C-1e),92.50 (C-1f), 82.70 (C-5a),
82.18 (C-5b), 81.75 (C-5c¢), 81.69 (C-5d), 77.82 (C-
5f), 77.39 (C-5e), 76.56 (C-2a), 76.51 (C-2b), 75.72
(C-2c), 75.24 (C-2d), 74.81 (C-2e), 74.26 (C-2f),
73.63 (C-3a), 73.41 (C-3c), 73.32 (C-3b), 73.29 (C-
3d), 73.14 (C-3e), 72.92 (C-3f), 72.31 (C-4a), 71.69
(C-4b), 70.38 (C-4c), 70.38 (C-4d), 69.78 (C-4e),
67.22 (C-4f), 64.36 (C-6a), 63.64 (C-6b), 63.15 (C-
6¢), 62.51 (C-6d), 61.36 (C-6e), 61.19 (C-6f), 51.09
(C-2), 43.12 (C-3), 29.34 (C-4), 29.34 (C-5), 22.36
(C-6), 22.36 (C-7), 13.18 (C-8); ESI MS m/z (rel.
int.) 972 [M]* (C;,H;405) (1.3), 793 (4.7), 341 (4.3),
179 (4.2), 143 (18.8).

Hydrolysis of 5: Compound 5 (35 mg) was dis-
solved in ethanol (5 mL), dil. HCI (2 mL) was added
and the reaction mixture was heated on a steam bath
for 1 h. The solvent was evaporated under reduced
pressure and the residue was dissolved in chloro-
form to separate caprylic acid as an aglycone unit.
The residue was dissolved in water and chro-
matographed on silica gel TLC plate along with the
standard samples of sugars using n-butanol-acetic
acid-water (4 : 1 : 5, v/v/v) as developing solvent
system. The sugar was identified as D-glucose, R,
0.12; [o]p® +52.7, H,0.

Menthyl tetraglucoside (6)

Elution of the column with chloroform-
methanol (1 : 1, v/v) afforded yellow crystals of 6,
recrystallized from chloroform-methanol (1 :1, v/v),
194 mg (0.38% yield); R, 0.62 (methanol : water, 9.8
: 0.2, v/v); m.p. 187-188°C; UV A, (MeOH): 209
nm (log € 4.3); IR v, (KBr, cm™): 3445, 3318,
3255, 2908, 2823, 1610, 1386, 1036 and 917; 'H
NMR (DMSO dq, 9, ppm): 5.16 (1H, d, J = 2.8 Hz,
H-1a),4.90 (1H, d, J = 3.6 Hz, H-1b), 4.66 (1H, d, J
=5.3Hz, H-1¢),4.27 (1H, d,J =5.9 Hz, H-1d), 3.88
(1H, m, H-5a), 3.76 (1H, m, H-5b), 3.75 (1H, m, H-
5¢), 3.65 (1H, m, H-5d), 3.57 (1H, m, H-2d), 3.55
(1H, m, H-2¢), 3.52 (1H, m, H-2b), 3.51 (1H, m, H-
2a), 3.50 (1H, m, H-3a), 3.49 (1H, dd, J = 5.2, 3.6,
7.2 Hz, H-3), 3.45 (1H, m, H-3d), 3.45 (1H, m, H-
3¢), 3.42 (1H, m, H-3b), 3.40 (1H, m, H-4d), 3.37
(1H, m, H-4c¢), 3.35 (1H, m, H-4b), 3.33 (1H, m, H-
4a),3.19 (1H, d,J =7.1 Hz, H-6a), 3.17 (1H, d, J =
8.0 Hz, H-6a), 3.15 (1H, d, J = 7.6 Hz, H-6b), 3.11
(1H, d, J = 7.6 Hz, H-6b), 3.11 (1H, d, J = 7.6 Hz,

H-6¢), 3.09 (1H, d, J = 7.6 Hz, H-6¢), 3.06 (1H, d, J
=9.2 Hz, H-6d), 3.02 (1H, d, J = 6.8 Hz, H-6d), 1.89
(1H, m, H-4), 1.74 (1H, m, H-1), 1.72 (1H, m, H-2),
1.66 (1H, m, H-8), 1.61 (1H, m, H-2), 1.31 (1H, m,
H-6), 1.27 (1H, m, H-6), 1.23 (1H, m, H-5), 1.20
(1H, m, H-5), 0.92 (3H, d, J = 6.6 Hz, H-10), 0.88
(3H,d,J=6.1 Hz, H-9), 0.83 (3H, d, / = 6.5 Hz, H-
7); *C NMR (DMSO d,, §, ppm): 104.35 (C-1b),
102.32 (C-1a), 97.15 (C-1c), 92.16 (C-1d), 83.23
(C-2a), 82.81 (C-2b), 82.13 (C-2c), 77.42 (C-5a),
77.02 (C-5b),76.08 (C-5¢), 75.61 (C-5d), 75.52 (C-
2d), 74.64 (C-3), 73.01 (C-3a), 72.67 (C-3b), 72.28
(C-3c¢), 72.18 (C-3d), 71.97 (C-4d), 70.63 (C-4c),
70.28 (C-4b), 70.17 (C-4a), 62.54 (C-6d), 62.44 (C-
6¢), 61.11 (C-6b), 60.84 (C-6a), 55.71 (C-4), 53.71
(C-2), 51.66 (C-1), 45.76 (C-8), 43.41 (C-5), 29.27
(C-6), 24.14 (C-7), 17.67 (C-9), 17.19 (C-10); ESI
MS m/z (rel. Int.) 804 [M]* (C;HgO,)) (2.1),
641(5.3), 479(4.6), 179 (18.3).

Hydrolysis of 6: Compound 6 (25 mg) was dis-
solved in ethanol (5 mL), dil. HCI (2 mL) was added
and the reaction mixture was heated on a steam bath
for 1 h. The solvent was evaporated under reduced
pressure and the residue was dissolved in chloro-
form to separate aglycone units. The residue was
dissolved in water and chromatographed on silica
gel TLC plate along with the standard samples of
sugars using n-butanol-acetic acid-water (4 : 1 : 5,
v/v/v) as developing solvent system. The sugar was
identified as L-glucose, R; 0.12; [a],* -51° (H,0,
10%).

RESULTS AND DISCUSSION

Compounds 1, 2 and 3 are the fatty esters char-
acterized as n-nonacosanyl linolenate, n-octacosanyl
linolenate and n-heptacosanyl linolenate, respective-
ly.

Compound 4, named withacoagulinyl tetraglu-
coside, was a colorless solid mass from chloroform-
methanol (17 : 3, v/v) and had UV A_, maximum at
225 nm characteristic of summation of absorptions
of conjugated enone and the conjugated d-lactone
chromophores, which are commonly present in
withanolides. The IR spectrum showed absorption
bands for hydroxyl groups (3480, 3365, 3260 cm™),
acetyl function (1722 cm™), o, B- and - lactones
(1704 cm™) and cyclohexanone (1684 cm™). It gave
positive test of glycosides and its molecular ion peak
was determined at m/z 1204 on the basis of mass and
BC NMR spectra consistent with the molecular for-
mula of a diacetoxy withanolide tetraglycoside,
CsHg,O,5 The fragment ion peaks at m/z 125 [C,-
C,, fission, C;H,0O,]*, 211 [C;-C,, fission,
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C,,H,;0,]* and 169 [211-COCHj;]* suggested that 4
was a C-20 acetoxy withanolide. Expulsion of the
tetraglycoside from the molecular ion peak pro-
duced an ion peak at m/z 507 [C,H,;O4]* supporting
the presence of two acetoxy groups in the withano-
lide nucleus. The '"H NMR spectrum of 4 showed a
one-proton doublet at 8 5.73 ppm (J = 15.6 Hz) and
a one-proton multiplet at & 6.77 ppm assigned to
vinylic H-2 and H-3 protons, respectively, nearby to
the carbonyl function. Five three-proton singlets at &
1.12, 1.29, 1.40, 1.86 and 1.97 ppm were ascribed to
five tertiary methyl protons. The appearance of the
C-21 methyl as a singlet in the downfield region (&
1.40 ppm) suggested the location of the methyl
function to tertiary oxygenated carbon C-20. The
downfield chemical shift of the C-27 and C-28
methyl singlet (& 1.86 and 1.97 ppm, respectively)
indicated that these methyl functionalities were
present on vinylic carbons. A one-proton double
doublet at & 4.87 ppm (J = 13.7, 4.8 Hz) was
accounted to C-22 methine proton of the lactone
moiety. A one-proton double doublet at § 3.53 with
coupling interactions of 4.8 and 4.0 Hz was attrib-
uted to B-oriented oxygenated H-6 proton. Four-one
proton doublets at 8, ppm 4.56 (J = 7.8 Hz), 4.41 (J
=72 Hz), 429 (J =7.1 Hz) and 4.27 (J = 7.2 Hz)
were associated with the anomeric H-1’, H-1"", H-
1’> and H-1"""" protons, respectively. The other
sugar protons appear between & 4.10-3.19 ppm.
Two acetoxy protons resonated as broad singlets at
8 2.75 and 2.72 ppm. The “C NMR spectrum of 4
showed 28 carbon signals for withanolide skeleton
and 24 signals for glycosidic linkage and signals for
two acetoxy carbons consistent with the 5,6,20-tri-
oxygenated withanolide structure. The presence of
'H NMR signals for oxygenated methylene protons
as doublet at 8 3.49 (H,-6), 3.43 (H,-6""), 3.39 (H,-
6’’") ppm and the corresponding carbon signals in
the ®C NMR spectrum in the deshielded region at &
63.17 (C-6"), 63.12 (C-6"") and 63.01 (C-6""") ppm
suggested (1—6) linkage of the sugar units. The
'H-"H COSY spectrum of 4 showed correlations of
H-3 with H-2 and H,-4; H-6 with H,-7, H-8 and H-
1’; H-22 with H,-23, H,-6” with H-5" and H-1""; H,.
6’ with H-5" and H-1""" and H-1"""" with H,-6""",
H-2"""" and H-3"""’. The HMBC spectrum exhibited
interactions of H-2, H-3 with C-1; COCH,, H,-22,
H-17 with C-20; H-6 and H-2* with C-1"; H,-6’ and
H-2"’ with C-1"" and H,-6’"" and H-2"""" with C-
1>””’. In the HSQC spectrum of 4 H-6 at & 3.53 ppm
was coupled with C-6 at § 75.35 ppm; H-22 at 6 4.87
ppm was coupled with C-22 at 4 81.60 ppm; H-1" at
8 4.56 ppm was coupled with C-1" at 101.78 ppm
and H-1"""" at 8 4.27 ppm interacted with C-1"""" at

4 97.86 ppm. The 'H and *C NMR spectral data of
the withanolide unit were compared with the report-
ed data of withanolides (17, 21, 22). Acid hydroly-
sis of 4 yielded D-glucose (co-TLC comparable
[a]p®+ 52.7, H,O). On the basis of these evidences
the structure of 4 was elucidated as (20S,22R)-
50,20B-diacetoxy-6c-hydroxy-1-oxowitha-2,24-
dienolide-6-B-D-glucopyranosyl-(6’—1"")-B-D-glu-
copyranosyl-(6""—1""")-B-D-glucopyranosyl-
(6>’—1""")-B-D-glucopyranoside. This is new
withanolide glucoside.

Compound 5, named capryloyl hexaglucoside,
was obtained as a colorless crystalline mass from
chloroform-methanol (3 : 1, v/v) eluants. It gave
positive tests for glycosides and had IR absorption
bands for hydroxyl groups (3445, 3328, 3278 cm™)
and ester function (1723 cm’). Its molecular ion
peak was established at m/z 972 on the basis of mass
and "C NMR spectra consistent with the molecular
formula of a fatty acid hexaglycoside C;,H,,O;. The
ion peak arising at m/z 143 [CH,(CH,);CO]* sug-
gested the presence of an octadecanoyl group as an
aglycone. The ion generating at m/z 179 [C{H,,Oql",
341 [C4H,,04-C¢HyOs]* and 793 [M-179]* suggested
the presence of hexose units in the terminal site of
the sugar chain. The '"H NMR spectrum of § showed
a three-proton triplet at 8 0.85 ppm (J = 6.3 Hz)
assigned to primary C-8 methyl protons. The meth-
ylene proton appeared from & 2.83 to 1.27 ppm. Six
one-proton doublets at d ppm 5.41 (/ = 8.0 Hz), 5.16
(J/ =7.5Hz),5.12 (J =73 Hz), 481 (J/ = 7.0 Hz),
452 (J =75 Hz) and 4.49 (J = 8.3 Hz) were
ascribed to anomeric C-1a to C-1f protons, respec-
tively. The other sugar protons appeared from 6 4.06
to 3.16 ppm. The “C NMR spectrum of 5§ displayed
signals for ester carbon at & 172.08 ppm (C-1),
methyl carbon at & 13.18 ppm (C-8), anomeric car-
bons from & 104.51 to 92.50 ppm and other sugar
carbons between & 82.70-61.19 ppm. The presence
of 'H NMR signals of the oxygenated methylene
protons in the deshielded region from & 3.40 to 3.30
ppm and the corresponding carbon signals at & ppm
64.36 (C-6a), 63.64 (C-6b), 63.15 (C-6¢), 62.51 (C-
6d) and 61.36 (C-6e) suggested (1—6) linkage of
the sugar units. The absence of any proton signal
beyond & 5.41 ppm and carbon signal in the down-
field region after & 104.51 ppm suggested saturated
nature of the molecule. The '"H-'H COSY spectrum
of 5 showed correlations of Me-8 with H,-6; H-1a
with H-2a and H-5a; H-1b with H,-6a and H-2b; H-
le with H,-6d and H-2e; and H-1f with H,-6e and H-
2f. The HMBC spectrum of § exhibited interactions
of H,-2 and H-1a with C-1; H,-6a, H-2b and H-3b
with C-1b; H,-6b and H-2c with C-1c; H-1e, H-4d
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and H-5d with C-6d; and H-1f, H-4e and H-5e with
C-6f. Acid hydrolysis of 5 yielded caprylic acid and
D-glucose, co-TLC comparable. On the basis of
these observations the structure of 5 has been char-
acterized as  n-octanoyl-f-D-glucopyranosyl-
(6a—1b)-B-D-glucopyranosyl-(6b—1¢)-B-D-glu-
copyranosyl-(6¢c—1d)-B-D-glucopyranosyl-
(6d—1e)-glucopyranosyl-(6e—1f)-glucopyra-
noside. The is a new acyl glucoside.

Compound 6, named menthyl tetraglucoside,
was obtained as yellow crystalline mass from chlo-
roform-methanol (1 : 1, v/v) eluants. It gave positive
test for glycosides and showed IR absorption bands
for hydroxyl groups (3445, 3318, 3255 cm™). On the
basis of mass and “C NMR spectra, its molecular
ion peak was determined at m/z 804 consistent with
the molecular formula of a monoterpenic tetraglyco-
side C;,Hg,0,,. The ion peaks generated at m/z 179
[CcH, O], 641 [M-C¢H,,05]* and 479 [M-C¢H,,0s-
CH,,0;]" indicated that hexose units were present in
the sugar chain. The 'H NMR spectrum of 6 exhib-
ited four one-proton doublets at & ppm 5.16 (/ =2.8
Hz),4.90 (J = 3.6 Hz), 4.66 (/ = 5.3 Hz) and 4.27 (J
= 5.9 Hz) assigned to anomeric H-1a, H-1b, H-1c
and H-1d, respectively, and their low coupling inter-
actions suggested o-orientation of the sugars units.
The other sugar protons appeared from & 3.88 to
3.02 ppm. A one-proton triplet at & 3.49 ppm (J =
5.2, 3.6, 7.2 Hz) was ascribed to B-oriented oxy-
genated methine H-3 proton. Three doublets at &
ppm 0.83 (J/ = 6.5 Hz), 0.88 (/= 6.1 Hz) and 0.92 (J
= 6.6 Hz) integrating for three protons each were
attributed to secondary C-7, C-9 and C-10 methyl
protons of menthol-type molecule. The other
methine and methylene protons resonated from &
1.89 to 1.20 ppm. The *C NMR spectrum of 6 dis-
played signals for anomeric carbons at & ppm 102.32
(C-1a) and 104.35 (C-1b), 97.15 (C-1c) and 92.16
(C-1d) and methyl carbons at & ppm 24.14 (C-7),
17.67 (C-9) and 17.19 (C-10). The absence of 'H
NMR signal beyond & 5.16 ppm and *C NMR sig-
nal after & 104.35 ppm supported saturated nature of
the compound. The presence of H-2a, H-2b, H-3c
and H-3d in & 3.57-3.51 ppm in the deshielded
region and the respective carbon signals in the range
of & 83.23-82.13 ppm indicated (1—2) attachment
of the sugar units. The 'H-'"H COSY spectrum of 6
showed correlations of H-3 with H,-2, H-4 and H-
la; H-1b with H-2a and H-2b; H-1¢ with H-2b, H-
2¢ and H-3c; and H-1d with H-2¢ and H-2d. The
HMBC spectrum of 6, exhibited interactions of H-3
and H-1b with C-1a; H-2a and H-2b with C-1b; H-
2b and H-2¢ with C-1c¢; and H-2¢ and H-2d with C-
1d. The acid hydrolysis of 6 yielded o-menthol and

o-glucose, co-TLC comparable, [o],* —51° (H,O,
10%). On the basis of these evidences the structure
of 6 has been elucidated as menthol-O-o.-L-glu-
copyranosyl-(2a—1b)-0-o.-L-glucopyranosyl-
(2b—1c¢)-0-0-L-glucopyranosyl-(2c—1d)-O-o-L-
glucopyranoside. This is new menthol tetragluco-
side.

CONCLUSION

The present work characterized fatty esters and
glucosides of withanolide, fatty acid and menthol
from the fruits of Withania coagulans Dunal. The
existing knowledge regarding its phytoconstituents
may be increased by the present phytochemical
investigation, which may be responsible for medici-
nal property of the plant and may be used as chro-
matographic marker of the drug and for quality con-
trol of the drug.
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Abstract: The influence of temperature and relative air humidity on the stability of two novel derivatives of
daunorubicin: [(N-piperidine)methylene]daunorubicin hydrochloride and [(N-pyrrolidine)methylene]daunoru-
bicin hydrochloride was investigated. The process of degradation was studied by using high-performance lig-
uid chromatography with ultraviolet (UV) detection. The kinetic and thermodynamic parameters of degradation

were calculated.
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Anthracycline antibiotics are compounds of a
glycoside structure, containing sugar and aglycone
moieties (Fig. 1). The sugar is usually daunozamine,
an aminosugar of the hexoses group. The aglycone
moiety consists of four six-carbon rings, where rings
B and D are aromatic and ring C is quinone. Ring A
contains a small substituent with the carbonyl group.
Anthracyclines are a group of anticancer drugs with
an established position in the treatment of malignant
neoplasms. The mechanism of action of these antibi-
otics involves:

e direct intercalation of DNA, resulting in the
biosynthesis of macromolecular stoppage,

e induction of oxidative stress inside cells by gen-
erating free radicals,

e combining with DNA and its alkylation,

e cross-linking of DNA strands,

e interrupting the DNA-helicase activity,

e direct impact on cell membranes and interruption
of their activity,

e induction of DNA damage and apoptosis with
topoisomerase II activity stoppage.
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Each of these processes is closely connected
with the structure of anthracyclines. The compact
inner arrangement of the aglycone rings is reflected
by their flat spatial structure. That is especially typ-
ical of rings B, C and D. This is crucially important
for the intercalation of DNA by anthracyclines. The
flat structure of the rings allows them to penetrate
between the two DNA strands and react with the
bases. Anthracyclines mainly react with cytosine
and guanine. The remaining parts of the anthracy-
cline molecule, the sugar and the cyclohexane ring
A, do not penetrate the DNA strands but stay on the
outside of the double helix. Their role is to stabilize
the newly created DNA-anthracycline complex.
That happens thanks to the electrostatic interaction
between the antibiotic molecule and the outside
parts of the nucleotides or through cross-linking
between the sugar moiety and the nucleotides.
According to the latest research, it is the part of the
anthracycline molecule, which does not penetrate
DNA, that has the most significant role in DNA
intercalation.
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The main disadvantage of anthracyclines is
their general toxicity, especially cardiotoxicity.
Therefore, while looking for new derivatives, it is
important to maintain the antitumor activity of the
base drug and to ensure lower general toxicity. The
complex structure of anthracyclines allows many
modifications, such as the introduction of a new
substituent, the modification of the existing ones or
the development of selective stereoisomers of given
compounds. Notably, chemical modifications can
include both the aglycone and the sugar moiety.
Many novel anthracycline derivatives modified in
the sugar moiety have been synthesized. It was
proven that a group of 3’-formamide-substituted
daunorubicin derivatives show a much lower ten-
dency to produce free radicals. Consequently, their
similar antitumor activity to that of daunorubicin is
combined with lower toxicity to the healthy cells of
the body (1-3).

[(N-piperidine)methylene]daunorubicin
hydrochloride (PIP) and [(N-pyrrolidine)-methyl-
ene]daunorubicin hydrochloride (PYR) were
obtained by the replacement of the primary amino
group at C-3° of the daunosamine moiety in
daunorubicin hydrochloride by an amidine sub-
stituent containing a piperidine ring or a pyrrolidine
ring, respectively (Fig. 1) (3).

Previous studies proved that daunorubicin
hydrochloride and its new derivatives are vulnerable
to degradation in the solid state (4, 5) in aqueous
(6-9) and in intravenous (10) solutions.

In the solid state, the degradation of daunoru-
bicin hydrochloride (DAU) and its amidine deriva-
tive [(N-morpholine)metylene]daunorubicin hydro-
chloride (MOR) (Fig. 1) at an increased temperature
and relative air humidity (RH > 50%) was a first-

* HCl

order autocatalytic reaction relative to DAU or
MOR concentration (4, 5).

In aqueous solutions, in the pH range
0.45-13.08, the degradation of daunorubicin
hydrochloride and its derivatives is a pseudo-first
order reaction (6-9). For the daunorubicin hydrochlo-
ride amidine derivatives the reactions of protonated
molecules catalyzed by hydrogen ions occurred at a
similar rate but significant differences in the degrada-
tion rate were observed in spontaneous hydrolysis
under the influence of water. In the pH range from 0.5
to 13.1, daunorubicin hydrochloride was more stable
than its amidine derivatives and demonstrated the
greatest stability in the pH range from 4 to 6. Its ami-
dine derivatives are the most stable at pH = 3. At pH
< 4 DAU degraded to aglycone daunorubicinone and
amino sugar daunosamine. Under more stressful con-
ditions and in an alkali environment aglycone is
degraded to more simple structures (11).

The photodegradation of the daunorubicin
hydrochloride derivatives and epirubicin in solution
is a pseudo-first-order reaction, which depends on
substrate concentration (9, 12). The products of pho-
todegradation at a wavelength of 365 nm were red
and colorless at 510 nm.

All of the previous studies demonstrated that
the differences in the chemical structures of the
daunorubicin hydrochloride derivatives did not
influence their stability or the kinetic mechanism of
their degradation.

The aim of this study was to determine the
effect of temperature at RH = 76.4% on [(N-piperi-
dine)methylene]daunorubicin hydrochloride (PIP)
and [(N-pyrrolidine)methylene]-daunorubicin hydro-
chloride (PYR) and to evaluate their stability at 373
K in dry air (0% RH).

CH,

Derivative R
DAU H,
PYR =CH—N<:|
PIP =CH—N )
=CH-N O
MOR

Figure 1. The chemical structure of daunorubicin hydrochloride (DAU), [(N-pyrrolidine)methylene]daunorubicin hydrochloride (PYR),
[(N-piperidine)methylene]daunorubicin hydrochloride (PIP) and [(N-morpholine)methylene]daunorubicin hydrochloride (MOR)
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EXPERIMENTAL

Chemicals, reagents and solutions
[(N-piperidine)methylene]daunorubicin
hydrochloride (PIP) and [(N-pyrrolidine)methyl-
ene]daunorubicin hydrochloride (PYR) were
obtained from the Institute of Biotechnology and
Antibiotics in Warszawa. Quinidine hydrochloride
was used as an internal standard. All other chemical
substances and solvents were the products of Sigma
and were of analytical or high-performance liquid
chromatographic grade. High-quality pure water
was prepared by using a Millipore purification sys-
tem (Exil SA 67120, Millipore, Molsheim, France).

Instrumentation

The chromatographic apparatus consisted of an
LC-61 isocratic pump, an SPD-6AV UV-Vis detec-
tor set at 254 nm (Shimadzu) and Rheodyne
Berkeley 7120 injector with a 25 pL loop.
Separations were performed on a LiChrospher 100-
RP 18 column (250 x 4 mm; 5 pm particle size;
Merck).

Chromatographic conditions

Chromatographic separations and quantitative
analysis were performed by using an HPLC method
(13, 14).

The mobile phase consisted of a mixture of
acetonitrile and water (50 : 50, v/v) with the addition
of 2.88 g/L sodium lauryl sulfate and 1.4 mL/L
phosphoric acid (V) (1.42 g/mL). The flow rate was
1.5 mL/min. The internal standard was a solution of
quinidine hydrochloride (0.100 g/mL). All chro-
matographic procedures were conducted at ambient
temperature.

Conditions of kinetic studies

For the experiments, 0.005 g samples of PIP
and PYR were weighed into 5 mL vials. The sam-
ples of the substances tested for the influence of
temperature in a humid environment were inserted
in desiccators containing saturated solutions of sodi-
um chloride (= 76.4% RH). These samples were
placed in heat chambers set to the desired tempera-
tures: 343, 353, 363 and 373 K.

To evaluate the stability of PIP and PYR in dry
air, the vials containing 0.005 g of these substances
were immersed in sand bath placed in the heat
chambers at 373 K.

Each batch to be studied comprised 10-15
samples. At specific time intervals, determined by
the rate of degradation, the vials were removed,
cooled to room temperature and the contents dis-

solved in a mixture of acetonitrile and water (1 : 1
v/v). The resultant solutions were quantitatively
transferred into volumetric flasks and completed to
a total volume of 10.0 mL with the same mixture of
solvents. To 1.0 mL of the resultant solution (after
filtration) 1.0 mL of the internal standard solution
was added. Samples (25 pL) were injected onto the
column.

Calculations
The rates constant of a first-order reaction were
calculated from:
Inc=Inc,—ky,xt (equation 1)
where ¢, and c are concentrations at time t = 0 and t,
respectively, and k,, is the observed rate constant of
degradation, while the rates constant of a first-order
autocatalytic reaction relative to the substrate con-
centration were calculated from:
Inc/(cy—c)=-kypXt+g  (equation 2)
where c, and c, are substrate concentrations at t, and
t; ¢, — ¢, are product concentrations at time t; g is a
constant related to the induction time and k., is the
observed rate constant of degradation (15).
Thermodynamic parameters (E,, activation
energy; AH7, enthalpy; AS7, entropy) were calcu-
lated from:

obs

E,=-axR (equation 3)
AH”=E _-T xR (equation 4)
AS*=R x (In A —In (kzx T/h))  (equation 5)
where: k; = Boltzmann’s constant (1.3807 x 10* J
x K™*); h = Planck’s constant (6.626 x 10* J x s); R
= universal gas constant (8.314 K x mol"), T = tem-
perature [K]; a = slope of the Arrhenius relationship;
A = frequency coefficient where: (In A = b) (15).
Statistical parameters of the respective equa-

tions were calculated using Microsoft Excel 2010.
RESULTS AND DISCUSSION

Kinetics of degradation of PIP and PYR

The degradation of PIP at an increased temper-
ature and = 76% RH was a first-order reaction rela-
tive to the substrate concentration (Fig. 2) and the
rate constants were calculated from equation 1.

The degradation of PYR in the same environ-
ment was a first-order autocatalytic reaction relative
to the substrate concentration (Fig. 3) and the rate
constants of this reaction were calculated from equa-
tion 2.

The semilogarithmic plots c/(c, — ¢) = f(t)
were straight lines and their slopes corresponded to
the rate constants of the reaction (—K,).

The degradation of PIP at an increased temper-
ature and 0% RH was a first-order autocatalytic
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Figure 2. Semilogarithmic plots of In c[%] = f(t) for the degradation of [(N-piperidine)methylene]daunorubicin hydrochloride (PIP) at RH
=76.4%
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Figure 3. Semilogarithmic plots of In c[%] = (t) (A) and In c{/(c, - c¢,) = f(t) (B) for the degradation of [(N-pyrrolidine)methylene]daunoru-
bicin hydrochloride (PYR) at RH =76.4%
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Figure 4. Semilogarithmic plots of In c[%] = f(t) (A) and In c/(c, — c,) = f(t) (B) for the degradation of [(N-piperidine)methylene]daunoru-
bicin hydrochloride (PIP) at 373 K and RH = 0%
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Figure 5. Semilogarithmic plot of In c[%] = f(t) for the degradation of [(N-pyrrolidine)methylene]daunorubicin hydrochloride (PYR) at 373
K and RH = 0%
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Figure 6. Semilogarithmic plot of In k[s"'] = f(1/T) [K"'] for the degradation of daunorubicin hydrochloride (DAU) and its amidine deriva-
tives [(N-pyrrolidine)methylene]daunorubicin hydrochloride (PYR) [(N-piperidine)methylene]daunorubicin hydrochloride (PIP) and [(N-
morpholine)methylene]daunorubicin hydrochloride (MOR) at RH = 76.4%

Table 1. Kinetic and thermodynamic parameters of the degradation of daunorubicin hydrochloride (DAU) and its amidine derivatives [(V-
pyrrolidine)methylene]daunorubicin hydrochloride (PYR) [(N-piperidine)methylene]daunorubicin hydrochloride (PIP) and [(N-morpho-

line)methylene]daunorubicin hydrochloride (MOR) in solid state at constant relative air humidity (RH = 76.4%).

T [K] (k; £ Ak) x 10° (s) Statlsafil» e:v?(l,lll,ﬁ;lon of Thermodynamic parameters
[(N-piperidine)methylene]daunorubicin hydrochloride (PIP)
343 0.0762 £ 0.015 a=-21950 £ 13232
353 0.564 + 0.062 S.=3075 E, = 182.5 £ 110.0 [kJ mol"']
b=50.1+£37.0 AH” = 180.0 = 110.0 [kJ mol']*
363 5.68 £0.51 S, = 8.60 AS* = 171.5 + 62.8 [JK"' mol'J*
373 104+ 0.9 r=-00981
[(N-pyrrolidine)methylene]daunorubicin hydrochloride (PYR)
343 0.910 £ 0.113 a=-14647 £+ 4145
353 427 + 039 S, =963.5 E,=121.8 £ 34.5 [kJ mol"]
b=313%11.6 AH* = 119.3 £ 34.5 [kJ mol']*
363 13.9+15 S, = 2.69 AS* = 15.3 + 148.5 [JK"' mol")]*
373 299 +3.1 r=-0.996
[(N-morpholine)methylene]daunorubicin hydrochloride (MOR) (10)
323 1.03£0.23 a=-13316 + 4639
b=29.6+13.7 AH” = 108 + 39 [kJ mol']*
343 10.1+0.7 S, =3.19 AS* = 1 + 130 [JK * mol']*
363 31.6 £ 0.9 r=0.9935
Daunorubicin hydrochloride (DAU) (4)
333 0.071 £ 0.008
a=-16581+ 3972
343 0.53 £0.07 S, = 1248 E, = 138 + 33 [kJ mol"]
353 2.26 +0.38 b=3594+11.3 AH” = 135 + 33 [k]J mol']*
363 525+ 195 S,, =35 AS* = -149 £+ 203 [JK ! mol"]*
r=0.9916
373 17.5+£0.2

E, = activation energy; AH* = enthalpy; AS* = entropy were calculated from equations 3, 4 and 5, respectively. * calculated for 298 K.
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reaction relative to the substrate concentration (Fig.
4), whereas the degradation of PYR in dry air was a
first-order reaction relative to the substrate concen-
tration (Fig. 5).

For the interpretation of the straight line plots
In c¢/(c, — ¢) = f(t) and In c, = f(t) such statistical
parameters as slope (a), error range of slope (Aa) ,
intercept (b), error range of intercept (Ab), standard
deviations s,, s;, s, and the coefficient of linear cor-
relation (r) were calculated by using the least
squares method. The values of Aa and Ab were
obtained for f = n — 2 degrees of freedom, with o =
0.05. Statistical parameters of the respective equa-
tions were calculated using Microsoft Excel 2010.

The values of reaction rate constants k,, were
used to calculate the Arrhenius relationship in order
to interpret the influence of the temperature on the
reaction rate at = 76.4% RH. The energy, enthalpy
and entropy of activation for 298 K were calculated
based on the parameters of the slope In k; = f(T")
(Table 1). The influence of temperature on the sta-
bility of PIP and PYR was described as:

In kppp = (2.19 £ 1.32)10°T" — (50.12 + 37.03)
In kpyg = (1.47 £041)10°T' — (31.32 £ 11.63)

The slope a expresses the effect of temperature
on the stability of PIP and PYR in the solid state
(Table 1). After comparing the plots In k = f(1/T) a
parallelism test proved that the influence of temper-
ature on the rates degradation of PIP, PIR, MOR (5)
and DAU (4) did not show any statistically signifi-
cant differences. Because the kinetic mechanisms of
degradation of DAU and its derivatives differed, the
values t,; were used to compare their stability,
which could be ordered as follows: DAU > PIP >
PIR > MOR.

Although the energy of activation of PIP, PYR,
DAU and MOR obtained at an increased tempera-
ture did not show statistically significant differ-
ences, the stability of daunorubicin hydrochloride
and its three derivatives were compared as follows:
PIP > DAU > PYR > MOR.

The rate constants of PIP and PYR degradation
at 373 K and 76.4% RH were (1.04 £ 0.09)10* s
and (2.99 £0.31)10* s, respectively, while at 373 K
and 0% RH they were (8.08 £ 0.48)107 s and (1.78
+0.21)107 s, respectively, which demonstrated that
increased relative air humidity determined their
degradation.

CONCLUSIONS

The degradation of PIP was a first-order reac-
tion relative to the substrate concentration at an
increased temperature and relative air humidity,
whereas at an increased temperature and 0% RH it

was a first-order autocatalytic reaction relative to the
substrate concentration. The degradation of PYR,
DAU and MOR was a first-order autocatalytic reac-
tion relative to the substrate concentration at
increased temperature and =76.4% RH and it was a
first-order reaction relative to the substrate concen-
tration in dry air.

The study demonstrated that the kinetic mech-
anism of the degradation of the derivatives of
daunorubicin hydrochloride depends on storage
conditions. The influence of relative air humidity on
the stability of the studied substances indicated that
relative air humidity determines the rate and mecha-
nism of their degradation. The stability of daunoru-
bicin hydrochloride and its amidine derivatives is
similar in the solid state. It is otherwise known that
the amidine derivatives of DAU have superior phar-
macological properties, especially by demonstrating
lower cardiotoxicity compared to their parent com-
pound. Of the derivatives studied in this work, the
greatest antiproliferative activity was shown by
MOR; however, this derivative exhibits the lowest
stability in solid state (5) and in aqueous solutions

(3).
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Abstract: For increased analgesic effect, new composed tablets containing diclofenac sodium (DIC) with an
addition of papaverine hydrochloride (PAP) were prepared to investigate the mechanism of release of the active
substances from tablets with different excipients in eight different formulations. To detect the possible interac-
tions between active substances and excipients differential scanning calorimetry (DSC) was used. A shift of the
melting point and enthalpy values of the physical mixtures of tablets components suggested a kind of interac-
tion between components in certain formulations, however, the tabletting process was not disturbed in any of
them. Kinetics of drug release from formulations was estimated by zero order, first order and Higuchi and
Korsmeyer—Peppas models using results of dissolution of DIC and PAP from tablets. The study revealed that
the mechanism of release of active substances was dependent on the excipients contained in tablets and the best
fitted kinetics models were obtained for formulations with potentially prolonged release of DIC and PAP.

Keywords: diclofenac sodium, papaverine hydrochloride, tablets excipients, dissolution kinetics, differential

scanning calorimetry

Diclofenac sodium {sodium 2-[(2,6-dichloro-
phenyl)amino]phenylacetate, DIC} is
steroidal anti-inflammatory drug (NSAID) with
analgesic and antipyretic properties. It is taken to
reduce inflammation and as an analgesic reducing
pain in the long-term treatment of degenerative dis-
eases such as rheumatoid arthritis and osteoarthritis
(1, 2). In order to increase the therapeutic effect or
decrease the adverse effects of diclofenac sodium,
the composed pharmaceutical dosage forms were
obtained (3-5). Papaverine hydrochloride (PAP)
was assessed as a spasmolytic agent, for the treat-
ment of renal colic as a single and in combination
with sodium diclofenac (6). For increased analgesic
effect, composed tablets containing diclofenac sodi-
um with addition of papaverine hydrochloride were
prepared and patented (7).

The successful formulation of a stable and
effective solid dosage form depends on the selection
of the excipients. Because the drug has intimate con-
tact with the excipients, assessment of possible

a non-
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interactions between the active substance and differ-
ent excipients is an important part of the develop-
ment of dosage forms (8). Physical analysis, such as
differential scanning calorimetry (DSC) was used to
detect possible drug : carrier interactions (9).
Incompatibilities of components can be deduced
from appearance, shift or disappearance of peaks
and/or variations in the corresponding enthalpy val-
ues obtained from DSC traces (10). It is of impor-
tance to detect any possible interactions, since it has
been shown that certain interactions can change the
bioavailability or stability of the product (11).
Thermodynamic behavior, including the solu-
bility of a solid in a liquid, plays an important role in
drug design as well as in the design and optimization
of production processes (12). However, solubilities
of diclofenac sodium and papaverine hydrochloride
are different and depend on pH of the dissolution
medium. Diclofenac sodium is almost insoluble in
acidic pH of the stomach and soluble in phosphate
buffer at pH 6.8 (13, 14). Solubility of papaverine
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hydrochloride increases proportionally to the
decrease of pH of the medium (15, 16).

In vitro dissolution is one of the most impor-
tant elements of the drug development process. The
quantity of the active substance dissolved in a spec-
ified time is expressed as a percentage of the content
stated on the label. Several models may be used to
describe dissolution profiles where f (t) is a function
of t time (t) that is related to the amount of drug dis-
solved from a dosage form. The quantitative inter-
pretation of the values generated in dissolution stud-
ies is facilitated by the use of generic equations. The
equations translate dissolution curves mathematical-
ly as a function of certain parameters related to the
dosage forms under investigation. In some cases, the
equations can be deduced by a theoretical analysis
of the processes to which the dosage form is sub-
jected. A water-soluble drug incorporated into a
hydrophilic matrix is released mainly by a diffusion-
controlled process, whereas for a poorly water-solu-
ble compound, the principal mechanism of release is
a function of erosion of the matrix that carries the
drug (17).

The use of mathematical modeling turns out to
be very useful as this approach enables to predict the
release kinetics before the release systems are real-
ized. More often, it allows the measurement of some
important physical parameters, such as the drug dif-
fusion coefficient and resorting to model fitting on
experimental release data. Thus, mathematical mod-
eling, whose development requires the comprehen-
sion of all the phenomena affecting drug release

Table 1. Different tablet compositions.

kinetics, has a very important value in the process
optimization of such formulation (18, 19).

The aim of the study was to investigate the
mechanism of release of diclofenac sodium and
papaverine hydrochloride from tablets with different
excipients using different formulations. To detect
the possible interactions drug : drug or drugs : excip-
ients the differential scanning calorimetry (DSC)
was used.

EXPRIMENTAL

Materials and reagents

Diclofenac sodium (DIC) was produced by
Caesar and Loretz, GmbH, Hilden, Germany,
papaverine hydrochloride (PAP) was purchased
from Galfarm PPH, Cefarm Lublin, Poland,
polyvinylpyrrolidone K 22 (PVP 22), mannitol (M),
potato starch (PS), microcrystalline cellulose (MC)
were the products of Merck, Germany, polyvinyl-
pyrrolidone K 10 (PVP 10) and B-lactose (lactose)
were purchased from Sigma Aldrich, hydroxypropyl-
methylcellulose (HPMC) was purchased from
Fluka. Pregelatinized starch (GPharmGel) produced
by Cargill, Benelux, microcrystalline cellulose
(Avicel PH102, Avicel) and croscarmellose sodium
(AcDiSol) produced by FMC BioPolymer, Belgium
were obtained as gifts from IMCD, Warszawa,
Poland. Colloidal silicon dioxide 200 (Aerosil) pro-
duced by Evonic, Germany was obtained as a gift
from Chempol, Warszawa, Poland. Magnesium
stearate (StMg) was purchased from POCh, Gliwice,

Quantity (%) per tablet of 300 mg weight
Name of component T1 ™ Ta TS T6 T7 T8
Diclofenac sodium 16.67 16.67 16.67 16.67 16.67 16.67 16.67 16.67
Papaverine hydrochloride 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67
PVP 10 5 5 5 5 5 - -
PVP 22 - - - - - 233 23.3
Avicel PH102 20 - 333 - 60.2 333 - -
MC - - - - - - 5
HPMC - - - - - - 10
Lactose 40.7 45.7 36.8 50.2 - 21.8 - -
Mannitol - - - - - 23.3 37.3
Potato starch - - - - - 30 -
CPharmGel - 20 20 - 10 - -
Aerosil - - 0.5 0.5 0.5 0.5 - -
AcDiSol 10 5 - 10 5 - -
Magnesium stearate 1 1 1 1 1 - 1
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Table 2. Physical properties of tablets prepared.
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Test Results

T1 T2 T3 T4 TS5 T6 T7 T8
Weight (mg) 299.33 + 292.83+ | 304.74 + | 30243+ | 300.97 £ 299.71 300.54 = | 298.76 £
SD 1.21 1.43 3.02 1.69 2.64 2.97 2.45 2.35
Thickness (mm) 428 + 3.89+ 397+ 3.78 £ 6.11 £ 422 + 4.02 £ 415+
SD 0.01 0.02 0.02 0.01 0.03 0.01 0.02 0.03
Disintegration 8+ 28 + 31+ 33+ 0.6 £ 18 + 7+ 11
time (min)
SD 1.7 2.2 4.2 2.7 0.1 3.5 2.5 3.7
Hardness 0.09 + 0.085 + 0.105 £ 0.102 = 0.004 £ 0.095 £ 0.105 £ 0.103 £
(kG/mm?),
SD 0.03 0.02 0.02 0.04 0.001 0.02 0.01 0.02
Friability (%) 0.044 0.21 0.11 0.13 0.14 0.06 0.09 0.15
Drug content
(%) DIC, 98.02 = 99.56 = 100.14 £ 97.24 £ 98.24 + 97.50 £ 99.08 + 97.68 £
SD 2.34 3.65 4.12 342 2.75 2.63 1.17 2.51
(%) PAP, 98.35 100.15 97.05 £ 92.70 £ 94.85 £ 99.95 + 100.05+ | 93.75
SD 1.64 4.73 2.14 2.39 3.05 3.32 1.76 243

SD = mean standard deviation

Poland. All the reagents and chemicals used were of
analytical grade.

Preparation of tablets

The composition of various formulations of
tablets (T1-T8) are given in Table 1.

Tablets were obtained by direct compression of
granules, which were previously prepared by using
a wet granulation method.

Powders of the components were sieved
through a 0.710 mm mesh screen. All of the compo-
nents, except the lubrificant (magnesium stearate),
were mixed manually with addition of aqueous solu-
tion of PVP (10 or 22), to obtain the desired consis-
tency of the mass.

The wet mass was then granulated using a
rotary granulator (Erweka, Germany) by passing it
through a 1.0 mm mesh screen. Granules were dried
in a hot air oven (Memmert INB-500) at 40°C for 1
h. The dried granules (moisture 3—-5%) were passed
through a 1.00 mm mesh screen. At the end, 1.0%
(w/w) of the lubrificant magnesium was added, and
mixed manually. From the granules, the 300 mg
tablets were obtained in a press tabletting machine
(Erweka, Germany) with 9 mm concave punches.

Evaluation of physical properties of formulation
tablets

The tablets were tested according to standard
procedures for weight variation (n = 20), thickness
(n = 20), hardness (n = 6), friability (n = 20), disin-

tegration time (n = 6) and drug content (n = 10)
(Table 2).

Weight uniformity test

For each formulation twenty tablets were selected
randomly and weighed together and their mean weight
was calculated. Next, they were individually weighed
using a weighing balance (Ohaus AV 513C, USA).

Tablet dimensions

Tablet diameter and thickness were measured
using a Vernier Caliper (Digital Caliper 0—150 mm,
Comparator).

Hardness test
Hardness of tablet was determined by using an
Erweka tablet hardness tester (Erweka, Germany).

Friability test

An Erweka (Germany) friabilator was used for
the test.

Twenty tablets were weighed and subjected to
attrition at 25 rpm for 4 min and the tablets were
reweighed. The percentage loss in weight equivalent
to friability was calculated from the equation:
Friability (%) = (loss in weight/initial weight) x 100

Disintegration time

Disintegration time was measured by using the
pharmacopoeia method (USP) by using a USP
Apparatus (Erweka, Germany).
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Each of six tablets was put into a basket-rack in
a vessel and it was covered with a disk. After the
apparatus was turned on, the disintegration time of
the tablets was observed.

Drug content analysis

Drug content of DIC and PAP were analyzed
by measuring the absorbance of standard and sam-
ples at 238 nm for PAP and 278 nm for DIC, using
UV/visible spectrophotometer (model Helios
Omega UV-VIS, Spectro-Lab, Thermo Scientific,
England) with 10 mm matched quartz cell.

Ten tablets from each series were selected at
random, weighed together and the mean weight was
determined. The tablets were crushed together and
exactly 300 mg in powder form (n = 6) was
weighed, dissolved in methanol in a 50 mL volu-
metric flask, filtered by using the Whatman filter
and appropriately diluted with methanol. The
obtained solution was mixed with phosphate buffer
at pH 6.8 in 1 : 1 proportion. The absorbance of the

Table 3. Dissolution kinetics of DIC.

diluted solutions were read in a UV/visible spec-
trophotometer. The drugs content for each series of
tablets was calculated based on simultaneous equa-
tion method reported earlier (20). This method
obeys Beer’s Law in the employed concentration
ranges of 2.5-25 pg/mL for two active substances.
The limit of quantification (LOQ) was determined to
be 1.5 pg/mL for DIC and 1.8 pg/mL for PAP. The
limit of detection (LOD) was calculated as 0.5
pg/mL and 0.6 pg/mL for DIC and PAP, respective-
ly. The calibration curves of DIC, at 238 nm y =
0.0231x + 0.0074, R* = 0.9993, at 278 nm y =
0.0309x + 0.0147, R* = 0.9997; for PAP, at 238 nm
y =0.134x — 0.047, R* = 0.9998, at 278 nm 0.0105x
+ 0.0449, R? = 0.9992, were determined.

Differential scanning calorimetry

Samples (about 5 mg) of DIC, PAP and physi-
cal mixtures of DIC with PAP, and DIC, PAP and
excipients in eight different formulations were her-
metically sealed in aluminum pans. DSC analyses

Zero order First order Higuchi Korsmeyer—Peppas
Formulation ” - ” - ” - o o
T1 0.3958 0.3139 0.00115 0.2511 4.6855 0.482 0.1807 0.7055
T2 1.6266 0.9634 0.05136 0.9438 15.192 0.9938 0.8231 0.9927
T3 0.6597 0.9806 0.00942 0.9858 6.3131 0.984 0.5573 0.9946
T4 1.5208 0.8983 0.04606 0.9762 15.073 0.9668 0.7925 0.9757
T5 0.0392 0.2305 0.00115 0.2224 0.2944 0.1422 0.0035 0.0438
T6 0.9772 0.7533 0.04145 0.9063 10.135 0.8878 0.3556 0.9546
T7 1.0152 0.6727 0.02602 0.7608 10.776 0.8303 0.5579 0.8972
T8 0.9947 0.7969 0.01958 0.8456 10.178 0.9141 0.6075 0.9582
Table 4. Dissolution kinetics of PAP.
Zero order First order Higuchi Korsmeyer—Peppas
Formulation K ” K - K - o o

T1 0.4361 0.4615 0.01405 0.5168 4.8724 0.6312 0.1745 0.8024
T2 1.5865 0.9866 0.0456 0.8769 14.834 0.9861 0.8974 0.9956
T3 0.1824 0.8524 0.0009 0.8384 1.6234 0.7399 0.4501 0.7389
T4 1.2032 0914 0.02188 0.9643 11.87 0.9746 0.9433 0.9719
T5 0.1566 0.6711 0.00253 0.7 1.6257 0.7929 0.0883 0.8822
T6 0.6795 0.7069 0.01267 0.7471 7.1349 0.8541 0.3895 0.9386
T7 1.0061 0.6808 0.02695 0.7805 10.664 0.8381 0.5271 0.9033
T8 0.9911 0.8055 0.01958 0.8582 10.13 0.9219 0.6018 0.9584
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were carried out using DSC Q200 Thermal Analyzer
(TA Instruments, USA). Indium standard was used
to calibrate the temperature and enthalpy scale. The
samples were heated at a constant rate of 10°C/min,
over a temperature range from 40°C to 310°C in
nitrogen atmosphere at the flow rate of 50 mL/min.
As a reference an empty pan was used.

In vitro dissolution study of the tablets

The dissolution of DIC and PAP from prepared
tablets was carried out by Erweka (Germany) disso-
lution tester using USP apparatus 2 (paddle method).
One tablet was set in each of six vessels and rotated
at 100 rpm for 60 min. As a dissolution medium, 900
mL of phosphate buffer at pH 6.8 at 37 £ 0.5°C was
used. The samples (2 mL) were drawn after 2, 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 min. For
each sample drawn, an equivalent volume of phos-
phate buffer at pH 6.8 (2 mL) was added to the dis-
solution medium. After dilution of each of the drawn
samples, the solutions were analyzed spectrophoto-
metrically at 238 nm and 278 nm. The amount of the
released substances was calculated by reference to a
Beer’s plot by using the method reported earlier (20).

Drug release Kkinetics

To study the release kinetics of the drug, data
obtained from in vitro drug release studies were plot-
ted in various kinetic models: zero order (Eq. 1) as a
cumulative percentage of drug release vs. time, first
order (Eq. 2), as a log of the amount of drug remain-
ing to be released vs. time and Higuchi’s model (Eq.
3), as a cumulative percentage of drug release vs.
square root of time.

The zero order kinetics describes the systems
where the drug release is independent of its concen-
tration.

0 =K,t (Eq. 1)
where Q is the amount of drug released in time t, K,
is the zero order rate constant expressed in units of
concentration (21).

The first order kinetics describes the release
where release rate is concentration depended.

Log Q = Log Q,— Kt/ 2.303 (Eq. 2)
where Q is the amount of drug released in time t, Q,
is the initial concentration of drug and K is the first
order rate constant (22).

Higuchi’s model describes the release of drugs
from insoluble matrix as a square root of time
dependent process based on Fickian diffusion.

Q=Kr"? (Eq. 3)
where Q is the amount of drug released in time t, K
is the constant reflecting the design variables of the
system (23).

Mechanism of drug release

To evaluate the mechanism of drug release
from tablets, data of drug release were plotted
according to Korsmeyer et al. (24) equation (Eq. 4),
as a log of cumulative percentage of drug released
vs. log time, and the exponent n value was calculat-
ed through the slope of the straight line.

M, IM8 =Kt" (Eq. 4)

For a cylindrical matrix tablets, if the exponent
n = 0.45, then the drug release mechanism is Fickian
diffusion, and if 0.45 < n < 0.89 then it is non-
Fickian diffusion. An exponent value of 0.89 is
indicative of case II transport or typical zero order
release, n > 0.89 is super case-II transport (25).

Statistical and kinetic analyses were made
using a Statistica 8.0 software.

RESULTS AND DISCUSSION

Physical properties

The physical properties of prepared tablets and
the drugs content are shown in Table 2. Average
weight, thickness, hardness, friability and the drugs
content of all prepared tablets were within pharma-
copoeial specification (26).

The DSC analyses

DSC thermograms of the active substances
(DIC and PAP), physical mixture of active sub-
stances (DIC + PAP) and mixtures of components of
tablets T1-T8 are shown in Figure 1.

The DSC trace for DIC showed that DIC melt-
ed at temperatures in the range from 285 to 292°C
with enthalpy of about 110 J/g. The melting
endotherm was followed by decomposition of the
substance. Bucci et al. (27) reported that the thermal
decomposition of DIC is a two-step process: one of
this is endothermic melting peak 285°C, and second
partially overlapped the exothermic peak at 294°C.
The studies conducted by Palomo et al. (28) showed
that DIC melted in the range from 280.45 to
349.96°C, but Sziits at al. (29) reported that it was in
the range from 280 to 294°C.

Thermal activity of PAP was found in the
range from 226 to 230°C with enthalpy 220 J/g. This
is in agreement with studies conducted by Ventura
et al. (30) and Marciniec et al. (31). Their studies
showed that PAP had a single melting endotherm
with a peak at 230°C.

The DSC thermogram for the mixture (DIC +
PAP) was different from those of the individual sub-
stances. Thermal activity of the mixture started at
135°C with a process resembling a glass transition.
A wide and complex melting endotherm with a peak
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Figure 1. DSC in nitrogen of DIC, PAP, mixture of powders DIC and PAP (DIC + PAP) and tablets T1-T8
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at 245°C and enthalpy change 80 — 85 J/g was fol-
lowed by an exothermal process. The DSC trace for
(DIC + PAP) suggested a possible interaction of
DIC with PAP. If the solid-solid interaction is weak
or non-existent, the reduction of the melting point is
usually inconsequential (10).

The DSC traces for T1, T2 and T4 were simi-
lar to each other. A glass transition at 124—132°C
was followed by a wide endotherm between 180 and
220°C overlapped with a narrow and deep peak at
200-210°C. The enthalpy of the endotherm (DH) for
T1, T2 and T4 was equal to 70 J/g, 70 J/g and 100

% DIC Released

J/g, respectively. The shape of DSC traces for T1,
T2 and T4 was similar to the trace for (DIC + PAP).
One can conclude that an addition of Avicel,
AcDiSol in T1 or CPharmGel, AcDiSol in T2 and
CPharmGel, Aerosil in T4 together with lactose did
not change thermal properties of (DIC + PAP) and
that excipients, which are contented in these tablets,
should not cause interactions between components.
In the DSC thermograms of T3 and T6 one can
observed a wide endothermic peak in the range from
80 to 90°C and a larger one with the melting point at
204°C and enthalpy about 50 J/g for T3 and 25 J/g

40 60

t (min)

Figure 2. Mean dissolution profiles of DIC from composed tablets (mean values, n = 6)
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Figure 3. Mean dissolution profiles of PAP from composed tablets (mean values, n = 6)



446 REGINA KASPEREK et al.

for T6. The mixtures of T3 i T6 contained the same
quantity of Avicel (33.3%) and Aerosil (0.5%), but
they were different by the amount of lactose T3
(36.8%), T6 (21.8%) and an addition of CPharmGel
(10%) and AcDiSol (5%) in T6. In the DSC thermo-
gram of TS5 there was only a wide endothermic
process in the range from 85 to 102°C with the max-
imum at 94°C and enthalpy 65 J/g and no thermal
activity at higher temperatures. TS5 was different
from other formulations by a large contents of
Avicel (60.2%) and a lack of sugars.

The putative interactions between components
in formulations T3, T5 and T6 indicated a risk of a
strong solid-solid interaction that might occurr while
compressing powders or granules in a press tablet-
ting machine (32). However, the tabletting process
in our study was not disturbed for any formulation.

The DSC traces for T7 and T8 showed lower-
ing of melting temperature as compared to the
endotherm of the mixture of active substances (DIC
+ PAP) but the enthalpy values were not changed
that indicated that the interaction or incompatibility
should not occurr.

The DSC trace for T7 showed a melting point
at 162°C with AH = 110 J/g, following glass transi-
tion at 96°C and for T8, melting point at 153°C with
AH = 111 J/g and glass transition at 87°C.

The release study

The dissolution profiles of DIC and PAP for
each formulation (T1-T8) are presented in Figures 2
and 3.

From T1, 86.5% DIC and 81.15% PAP were
released within 15 min and from T2, above 80% of
active substances were released within 50 min
(80.04% DIC and 81.2% PAP). The difference in
release time for about 80% of both active substances
from T1 and T2 was about 35 min and difference in
disintegrating time of tablets was 20 min (8 min T1
and 28 min T2). These formulations are similar in
quantities of lactose (40.7% T1 and 45.7% T2) and
different in additions of Avicel (20%) and AcDiSol
(10%) in T1 or CPharmGel (20%) and AcDiSol
(5%) in T2. This indicated that an addition of
CPharmGel instead the Avicel may result in pro-
longed release time, but on that time may affect also
5% more of AcDiSol in T1.

In T6, there are both Avicel (33.3%) and
CPharmGel (10%) and lactose (21.8%), AcDiSol
(5%), Aerosil (0.5%). The release study showed that
above 80% DIC (87.08%) was released within 25
min (94.66% after 60 min), but PAP 60.8% within
60 min. The disintegrating time of this tablets is 18
min. Comparing T6 to T1 and T2 it can be observed

that DIC was released slower about 10 min from T6
than from T1 and 25 min faster from T6 than from
T2. PAP was not released in 80% from T6. The
quantity of released PAP from T6 in comparison
with T1 and T2 shows that inhibition of the release
process of PAP can be caused higher of quantity of
Avicel in T6 about 13% (in comparison with T1)
and less of the quantity of CPharmGel on 10% in T6
(in comparison with T2) at simultaneously
decreased the quantity of AcDiSol on 5% in T6
(comparing to T1).

Tablets T3 and T4 comprised lactose at differ-
ent quantities (36.8% T3 and 50.2% T4) and Aerosil
at the same quantities (0.5%), but they are different
in an addition of Avicel (33.3%) in T3 and
CPharmGel (20%) in T4. Within 60 min, only
49.52% DIC and 15.7% PAP from T3 were released,
but within 35 min 80.58% DIC (91.98% within 60
min) and within 60 min 69.75% PAP from T4 were
released, although the disintegration times of both of
tablets are similar (31 min T3 and 33 min T4). Both
formulations do not contain AcDiSol as a disinte-
grator. From this it follows that the release process
is highly affected by other excipients such as Avicel,
CPharmGel and lactose.

When comparing T3 and T4 it can be noticed
that addition of CPharmGel in a quantity of 20% in
T4 increased the quantity of released DIC and PAP,
but Avicel, in an addition of 33.3% in T3, without
AcDiSol, caused inhibition of the release process of
the active substances.

Avicel in a quantity of 60.2%, with the addi-
tion of 10% AcDiSol and 0.5% Aerosil in T3,
caused a fast disintegrated process of a tablet (0.6
min), but there occurs the difference of the release
process. Within 2 min, 91.18% DIC and within 60
min 45.1% PAP from TS were released. In compar-
ison with T1, it can be observed that the absence of
lactose in TS5 caused the fast release process of DIC,
but inhibition of the release of PAP.

Within 30 min, 80.59% of DIC and 82.19% of
PAP from T7 and within 60 min 68.14% of DIC and
69.04% of PAP from T8 were released. Tablets T7
and T8 were similar in content of mannitol at differ-
ent quantities (23.3% T7 and 37.3% T8), but varied
in addition of potato starch to T7 and microcrys-
talline cellulose and HPMC to T8. The data of the
release study showed that cellulose and their deriva-
tives, especially HPMC, in T8 caused prolonged the
release of both active substances. The differences in
the release process of DIC from tablets can be
caused by different production process, different
excipients or differences at size of particle of active
substance. The effect of different excipients on the
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dissolution profiles of diclofenac sodium from
tablets or pellets were reported by Bertocchi et al.
(2), Savaser et al. (33), Kibria et al. (34) and Mourao
et al. (35).

According to pharmacopoeial requirements for
uncounted tablets (26), 80% of active substances
were released from T1 and T7 within 45 min. The
disintegration times of these tablets were 8 and 7
min for T1 and T7, respectively. The disintegration
times for tablets T2, T3, T4 and T6 exceeded 15 min
as recommended by Polish Pharmacopoeia (26) and
were in the range from 18 to 33 min. The release
process of active substances from tablets T2, T4 and
T6 run similarly; as above, 80% of DIC were
released within 45 min. However, amounts of
released PAP were lower and equal in the range
from 60.70 to 74.52%. The disintegration time of T3
was 18 min, but only 38.36% DIC and 8.1% PAP
were released within 45 min. The differences
observed within the release process and disintegra-
tion times were probably caused by type of binder
added to the formulation. In tablets T2 and T4, 20%
of CPharmGel was added, in T6 10% CPharmGel
and 33.3 % of Avicel, and in T3 only 33.3% of
Avicel was added. Moreover, the release process
can also be influenced by addition of a disintegrator
and a lubricant. In formulas T3 and T4, only Aerosil
(0.5%) was added resulting in disintegration time
31-33 min. An addition of 5% of AcDiSol to T2
caused a bit shorter time (28 min). When 5% of
AcDiSol and 0.5% of Aerosil in T6 were used, the
disintegration time was 18 min. Bearing in mind the
above data, it can be noticed that mixing of different
excipients considerably changed the release process
of active substances from uncoated tablets. The pos-
itive effect of a binder on pore structure and tablet
strength resulted in an increased disintegration time.
Although addition of a disintegrator generally
improved the disintegration time, the effect was
decreased when the formulation included more
deformable binders (36).

Kinetic analysis of dissolution data

The obtained drug release data were analyzed
by zero order, first order, Higuchi and Korsmeyer—
Peppas models, to know the mechanism of drug
release from the formulations. The release rate con-
stants were calculated from the slope of the appro-
priate plot and determination coefficient (r*) were
determined (Tables 3 and 4).

In this study, the in vitro release profiles of
DIC from formulations T2 and T4 containing
CPharmGel and T3 containing Avicel as base excip-
ients were explained by Higuchi model, where the

determination coefficient (1?) is in the range from
0.9968 to 0.9938; for the first order r* equals from
0.9438 to 0.9858) and for the zero order r* equals
from 0.8983 to 0.9806). The release of DIC from
formulation T2 was best explained by Higuchi’s
equation as the plot showed the highest linearity (r*
=0.9938) followed by zero order (1> = 0.9634). This
indicates that the release of drug from the matrix is
a square root of time dependent process and is close
to zero order release kinetics. The best linearity for
formulations T3 and T4 were found in first order
rate equation plot describing the drug release rate
relationship with concentration of DIC, so r* equals
0.9858 for T3 and 0.9762 for T4, respectively.

The in vitro release profiles of PAP from for-
mulation T2 showed the highest linearity with the
zero order kinetics (r* = 0.9866), followed by
Higuchi’s (i = 0.9861) and from T4 was best
explained by Higuchi’s model (1> = 0.9746), fol-
lowed by the first order equation (r* = 0.9643).

The obtained data were plotted according to
the Korsmeyer-Peppas equation to know the con-
firmed diffusion mechanism.

For DIC release, the formulations T2 and T3
showed good linearity (r* equals 0.9927 and 0.9946,
respectively) with exponent (n) values 0.8231 (T2)
and 0.5573 (T3), indicating a coupling of the diffu-
sion and erosion mechanism so called anomalous
transport (non-Fickian). For PAP release, the formu-
lation T2 showed good linearity (1> = 0.9956) with
release exponent 0.8947, indicating zero order
release where concentration was nearly independent
of drug release profile. The formulations T4 and T8
showed release exponent (n) 0.7925 (T4) and 0.6075
(T8) with r* 0.9757 (T4) and 0.9582 (T8) for DIC
release, indicating anomalous transport.

For PAP release, formulation T4 showed
release exponent (n) 0.9433 with r* = 0.9719 charac-
teristic for super case II transport and for T8 (n)
0.6018 with r* = 0.9584, indicating anomalous trans-
port. Case II generally refers to erosion of polymer-
ic chain and anomalous transport (non-Fickian)
refers to a combination of both diffusion and erosion
controlled drug release (17).

Formulation T6 slope (n) values equal 0.3556
(DIC) and 0.3895 (PAP), indicating Fickian type
of diffusional release occuring by usual molecular
diffusion of the drug due to chemical potential
gradient.

The tablet TS5 containing high amount of
Avicel pH 102 with dissolution time 0.6 min repre-
sents fast dissolving tablets (FDT). The tablets for-
mulations T1, T2 and T8 are typical uncoated tablets
with disintegration time up to 15 min. The tablet for-
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mulation T3 containing Avicel and T2 or T4 con-
taining CPharmGel can be considered as matrix
tablets with potentially prolonged release. Drugs
release from tablet formulation T2 was found to be
very close to =zero order release Kkinetics.
Formulation T6 represents uncoated tablets with dif-
fusion type of release. The type of excipient used as
a matrix of tablet induce effect on release rate and
mechanism.

CONCLUSION

The shift of the melting point and the enthalpy
values for the mixtures of tablets components sug-
gested a possible interaction of the components in
some mixtures but the tabletting process was not
influenced in none of the formulations. The tablet
formulation containing high amount of Avicel PH
102 (60.2%) and PVP 10 (5%), AcDiSol (10%),
Aerosil (0.5%) with dissolution time 0.6 min. repre-
sents fast dissolving tablets. The formulations con-
taining PVP 10 (5%) and CPharmGel (20%), lactose
(45.7%), AcDiSol (5%) or PVP 10 (5%), Avicel
(33.3%), lactose (36.8%), Aerosil (0.5%) or PVP 10
(5%), CPharmGel (20%), lactose (50.2%), Aerosil
(0.5%) can be considered as tablets with prolonged
release, because the in vitro release profiles of DIC
and PAP from these formulations were fitted to the
kinetic models describing the dissolution of drug
from modified release dosage forms.
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Abstract: Artemisinin (ARMN) is a potent antimalarial drug, which is effective against multidrug resistant
strains of Plasmodium falciparum and produces rapid recovery even in patients with cerebral malaria. Being
poorly soluble in water, artemisinin is incompletely absorbed after oral intake due to poor dissolution charac-
teristics in the intestinal fluids. To enhance these properties, solid dispersions of artemisinin with succinic acid
(SUC) were prepared using drug-carrier ratios 1 : 1,1:4,1:6,1: 8 and 1 : 10 by solvent evaporation and
freeze drying methods. These solid dispersions were characterized by differential scanning calorimetery (DSC),
Fourier transform infrared spectroscopy (FTIR), x-ray diffraction patterns (XRD), phase solubility and disso-
lution kinetics evaluated by applying zero order, first order, Higuchi, and Korsmeyer-Peppas models. Physical
mixtures produced significantly higher aqueous solubility and rate of dissolution as compared to artemisinin
alone. The dissolution profiles of all formulations followed Higuchi model and exhibited diffusion-controlled
release of drug. Solvent evaporation method (SLVPs) exhibited improved solubility and freeze dried solid dis-
persions (FDSDs) produced highest solubility but stability constant was opposite. ARMN and SUC both were
found completely crystalline as shown by their XRD patterns. Physical mixtures (PMs) showed reduced inten-
sity in their XRD patterns while solid dispersions by SLVPs exhibited twice reduced intensity and much dis-
placed angles, whereas FDSDs showed synergistic effects in some of ARMN and SUC peaks. DSC thermo-
grams of FDSDs at drug-carrier ratios 1 : 1-1 : 4 showed lower melting temperature and enthalpy change (AH)
values than respective SLVPs, whereas at higher ratios, a reverse was true. SLVPs showed displaced methyl
stretching bands at lower drug-carrier ratios and exhibited O-H stretching characteristic bands of SUC at high-
er drug-carrier ratios. In addition, carbonyl group and C-O stretching vibrations characteristic of SUC (1307
cm) appeared prominently compared to PMs, whereas C-O stretching characteristic bands of ARMN disap-
peared at higher ratios. FDSDs exhibited distinct nature of bonding compared to respective SLVPs and PMs.

Keywords: artemisinin, solubility, dissolution, solid dispersions, Korsmeyer-Peppas model

Artemisinin (qinghao, ARMN) is a naturally
occurring stage specific compound with impressive
blood schizonticidal and gametocytocidal activity
(1-3), derived from aerial parts of plant Artemisia
annua, causing a rapid arrest and effective treat-
ment against drug-resistant Plasmodium falciparum
strains within the nanomolar range (4) during
malaria, which still is the most prevalent and most
devastating disease in the tropics. Late stage ring
parasites and trophozoites are more susceptible to
artemisinin than schizonts or small rings. Unlike
other antimicrobial agents, they do not possess
nitrogen containing heterocyclic rings, instead, they

have sesquiterpene trioxane lactone containing a
peroxide bridge, which is responsible for killing
intraerythrozoites. At present, ARMN holds impor-
tance in the current antimalarial campaign, as the
continuous infestation and spread of resistance to
antimalarial drugs among parasites is posing a seri-
ous threat of an increase in mortality rate.
Numerous solid dispersion systems have been
demonstrated in the pharmaceutical literature to
improve the solubility and dissolution properties of
poorly water soluble drugs (5-8).

Succinic acid (SUC) is a safe neutraceutical,
which has been used to enhance the solubility of

* Corresponding author: e-mail: gmdogar356@ gmail.com; mobile: +92-314-2082826; fax: +92-992-383441
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various pharmaceuticals like rofecoxib (9), acet-
aminophen and theophylline (10, 11), nordazepam
(12), ibuprofen (13) and griseofulvin (14). SUC has
been used as an excipient for the enhanced colon-
specific drug delivery (15). In addition, SUC pro-
vided the fastest rate of release in the colonic fluid
compared to citric, tartaric or malic acid (16).
Artemisinin solid dispersions have been studied
with polyvinylpyrrolidone (17, 18), nicotinamide
(19), Eudragit (20), hydroxypropylmethylcellulose,
polyethyleneglycol 6000 (21), artemether with
polyvinylpyrrolidone (22) and dihydroartemisinin
with polyvinylpyrrolidone (23). To our knowledge,
there is no report available about investigation of
ARMN-SUC solid dispersions at the moment.

To find the release mechanism by dissolution
studies, various models like zero-order, first order,
Higuchi’s and Korsmeyer-Peppas equations (24, 25)
were applied to dissolution data. In zero order, the
drug release is independent of its concentration (26).
A first order drug release depends on drug concen-
tration (27). The Higuchi model indicates Fickian
drug release from a matrix (28). In Korsmeyer-
Peppas model (29), the release exponent (n) was cal-
culated from this model. The n = 1 indicates a
release rate independent of time corresponding to
zero order or case Il transport, n = 0.5 stands for
Fickian diffusion and n > 1 shows a super case II
transport (30, 31).

Because of poor water-solubility and dissolu-
tion rate nature of artemisinin, the main objective of
this work was to improve its solubility and release
kinetics using different models via preparing solid
dispersions by solvent evaporation and freeze drying
methods.

MATERIALS AND METHODS

Materials

Artemisinin (Alchem, New Delhi, India),
methanol (Sigma-Aldrich, Germany), succinic acid
(Merck, Germany), sodium hydroxide (Merck,
Germany), potassium bromide (FTIR grade, Fisher
Chemicals, USA), acetone (Merck, Germany),
starch (Rafhan Maize, Pakistan), lactose (DMV
International, The Netherlands), magnesium stearate
(Royal Tiger Products, Taiwan). Demineralized
water was used for the dilution of various samples
and also as the dissolution media.

Artemisinin assay

ARMN concentration measurements were car-
ried out by following the method described previ-
ously (32), after appropriate dilution with deminer-

alized water, adding 0.2% sodium hydroxide and
heating at 40°C for 30 min. The concentration of
ARMN was determined at 290 nm with a UV spec-
trophotometer (JENWAY, 6405 UV/ VIS, UK).

Preparation of physical mixtures (PMs)

Physical mixtures of ARMN and SUC were pre-
pared at drug-carrier ratios 1 : 1,1:4,1:6,1:8 and
1 : 10, respectively, by soft grinding to complete mix-
ture with the glass pestle and mortar, afterwards,
passed through the sieve (US 180 nm) and transferred
to desiccators at 25°C under P,Os till further use.

Preparation of solid dispersions by solvent evap-
oration method (SLVPs)

SLVPs were prepared using ARMN and SUC
at1:1,1:4,1:6,1:8and 1: 10 weight ratios,
respectively, by dissolving the drug and SUC in 100
mL of methanol. This solution was shaken on orbit
shaker for 4-5 h at 150 rpm (25°C). Methanol was
removed in rotary evaporator. These solid disper-
sions were pulverized, passed through 180 pm (US)
mesh sieve and were transferred into colored glass
bottles and stored in desiccators under the same set
of conditions as that of physical mixtures till further
analysis.

Preparation of freeze dried solid dispersions
(FDSDs)

FDSDs were prepared using drug and carrier
according to the same ratios as in SLVPs at 1 : 1, 1
:4,1:6,1:8and 1 : 10 weight ratios by dissolving
ARMN and SUC in 100 mL of methanol. This solu-
tion was shaken on orbit shaker for 4-5 h at 150 rpm
(25°C). Methanol was removed and 20 mL of de-
mineralized water was added and shaken for 30 min.
Afterwards, this solution was frozen at —70°C in
electronic deep freezer and dried in lyophilizer.
Freeze dried solid dispersions pulverized through
180 pm mesh sieve, were transferred in amber glass
bottles and stored in desiccators containing P,O; till
further analysis.

X-ray diffraction (XRD) studies

X-ray powder diffraction of ARMN, SUC,
their PMs, SLVPs and FDSDs were performed
using a Siemens D500 apparatus. Measurement con-
ditions included target CuK,, voltage 40 KV and
current 30 mA. The XRD system consisted of
diverging, receiving, receiving and anti-scattering
slits at angle of 1°, 1°, 1° and 0.15°, respectively.
Jade 6.0 program (Materials Delta Inc. USA) was
used for data processing. Patterns were obtained
using a step width of 0.04° 20 between 5 and 50°C.
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Fourier transform infrared spectrophotometric
(FTIR) analysis

Fourier-transform infrared (FTIR) spectra were
obtained on a Shimadzu-8400S (Japan) apparatus,
using the KBr disc method (0.5-1% of sample in
200 mg KBr disc) on cold press adjunct. The scan-
ning was run at 450-4000 cm™ with resolution range
1 cm. Calibration of the instrument was performed
periodically before taking spectra.

Differential scanning calorimetric (DSC) analysis

Differential scanning calorimetric (DSC)
analyses of PMs, SLVPs and FDSDs were per-
formed using Setaram 131 instrumentation. The
samples were heated at the rate of 10°C/min from 40
to 290°C under dry nitrogen gas purge. Cell con-
stants were calibrated with indium. All measure-
ments were conducted in sealed non-hermetic alu-
minum pans. Typical sample weight was 5—10 mg.

Phase solubility studies

For phase solubility studies, excess quantity of
each sample was taken in a 25 mL vial containing 10
mL of demineralized water. It was then placed in
shaking incubator at 37 + 1°C at 100 rpm for five
days. Samples were centrifuged at 6000 rpm for 15
min and withdrawn with a syringe equipped with a
0.40 pm syringe filter. All samples were diluted to a
proper concentration range and assayed for ARMN.
A control experiment was also performed with pure
ARMN to confirm any degradation in all used sol-
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vents. All samples were analyzed in triplicate. The
apparent stability constants (K,) of the solid disper-
sions were calculated from the slope of the phase
solubility diagrams according to the following equa-
tion (24):

_ Slope
* S, (1 —slope)

where S, was the equilibrium solubility of ARMN at
37°C in the absence of SUC.

Dissolution studies

Drug release was measured using dissolution
apparatus (Tablet dissolution tester GDT-7TV3,
Galvano Scientific, Pakistan) at 37°C and 100 rpm,
the paddle apparatus (consisting of six recipients)
for high volume by using demineralized water as
dissolution medium instead of a buffer (32). At pre-
determined time intervals (5, 15, 30, 60, 90, 120,
and 180 min), 5 mL of sample were taken and
replaced with the same volume of fresh solvent.
Samples were assayed according to analytical pro-
cedure of AEMN described as above.

Release kinetic analysis

The release data were evaluated by zero-
order, first-order, Higuchi, and Korsmeyer-Peppas
models. The best model was selected based on the
R? value.

10 -

9 .
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o 7 -
X 6 -
= 5 —e— Physical mixtures
g 4 - - Solid dispersions
G 3 - by solvent
I= 5 evaporation
L —— Freeze dried solid
< 1 dispersions
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0 20 40 60 80 100

Succinic acid (M x 102)

Figure 1. Phase solubility of artemisinin in physical mixtures, solvent evaporated solid dispersions (SLVPs) and freeze dried solid disper-

sions (FDSDs).
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RESULTS AND DISCUSSION

Phase solubility studies

The phase solubility diagram was drawn
between molar concentrations of ARMN versus
SUC as shown in Figure 1. Solubility of ARMN was
calculated as a function of SUC concentration in
demineralized water. It was noted that the solubility
of ARMN was enhanced with the increase in SUC
concentration. Aqueous solubility of pure ARMN
was found to be 0.036 x 10° M. Solubility of physi-
cal mixtures was found to be 7.53 x 10* M at 84.6 x
102 M of SUC concentration, whereas solubility
enhancement in case of SLVPs was found to be 8.15
x 10* M. FDSDs exhibited more solubility than
either PMs or SLVPs. Phase solubility of FDSDs at
SUC concentration (84.6 x 10* M) was 8.68 x 10*
M. Calculations of stability constant values for PMs,
SLVPs and FDSDs yielded 12.1 x 10* M, 9.5 x 10*
M and 9.3 x 102 M, respectively (Fig. 1 and Table 1).

Solubility of the active pharmaceutical ingredi-
ent is one of the important factors taken into consid-
eration while developing its dosage form. Class-II
drugs of BCS need improvement of their solubility
to optimize their bioavailability. Phase solubility of
pure ARMN and its solid dispersions were measured
in demineralized water at 37°C (Table 1). SUC acid
is known as a neutraceutical agent and as an excipi-
ent (9, 10-15). Keeping in mind this ability of SUC,
it was applied for artemisinin. Physical mixtures
produced substantial increase in the phase solubility

compared to pure ARMN. They exhibited a linear
increase in phase solubility of ARMN with
increased SUC content. SLVPs produced further
increase in solubility, i.e., 1.47-2.21 folds compared
to respective PMs, that is due to interaction among
drug and carrier as well as the solubilizing effect of
SUC. This increase in solubility is comparable to
itraconazole (33). FDSDs showed the highest solu-
bility compared to corresponding SLVPs and PMs,
respectively, while stability constant values were
opposite in order. This is in accordance with respec-
tive dissolution profile discussed in previous sec-
tion. Freeze drying method was found most effec-
tive for enhancing drug solubility perhaps due to an
increase in surface area and the surface free energy
(34-36). The slopes were lower than one in all PMs,
SLVPs and FDSDs that indicate phase solubility
profile was typical A, type, which signifies that
ARMN and SUC combined in 1 : 1 molar ratio sim-
ilarly to diazepam (37). Our results are different
from fluoxetine HCI in which SUC combined in 2 :
1 ratio, which resulted in double equilibrium solubil-
ity (38) and also different from solid dispersions of
ARMN with nicotinamide, in which solubility and
stability constant were the highest in FDSDs fol-
lowed by SLVPs and PMs, respectively (19). Lower
stability in FDSDs compared to SLVPs may be due
different type of bonding reflected by our FTIR
results. The high aqueous solubility of solid disper-
sions is attributed to high solubilizing effect of SUC
similar to parabens (39). These data are consistent
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with our XRD data, where degree of crystallinity in
ARMN was reduced with enhanced SUC contents.

Dissolution profile

Physical mixtures exhibited 3.51-4.25 times
higher dissolution rate than ARMN alone in de-
mineralized water (Fig. 2.). Dissolution rate of phys-
ical mixtures increased with the rise of SUC content.
SLVPs exhibited higher rate of dissolution
(37.82-40.71%) than respective PMs. They exhibit-
ed4.84(1:1),5.13(1:4),538(1:6),5.70(1:8)
and 5.99 (1 : 10) times higher dissolution rate than
ARMN alone, respectively. They also showed max-
imum dissolution rate at 1 : 10 ratio similar to cor-
responding PMs (Fig. 2). FDSDs exhibited the high-
est release rate at all ratios compared to correspon-
ding PMs (52%) and SLVPs (12%). They showed
gradual increase in dissolution rate with rise in SUC
amount from 1 : 1-1 : 10 ratios, i.e., 5.44, 5.65, 5.97,
6.47, 6.60 times higher dissolution rate than ARMN
alone, respectively (Fig. 2.). Relative dissolution
rate (RDR) determined artemisinin solubility at dif-
ferent time periods in the dissolution media. The
values of RDR were the highest at 15 min but it
decreased with time and nearly reached to
unchangeable rate after 180 min.

Table 2. Kinetic analysis of dissolution data.

MUHAMMAD TAYYAB ANSARI et al.

Dissolution rate of ARMN was increased as a
function of SUC content in physical mixtures simi-
larly to griseofulvin, where physical mixtures of
10% griseofulvin with 90% SUC showed increased
dissolution rate compared to pure compound (14).
This effect was attributed to increased microenvi-
ronmental solubilizing effect of SUC similar to urea
(40). However, this effect was only of partial impor-
tance, because SLVPs and FDSDs showed enhanced
dissolution rate than our PMs and revealed extreme-
ly fine crystals of ARMN. This was shown in XRD
patterns of dispersed system, where intensity of
peaks were reduced but identical crystalline struc-
tures of ARMN and SUC were observed.

The Higuchi model showed the lowest fitting
values for all of the formulations. Pure ARMN fol-
lowed the first order release signifying that dissolu-
tion rate is directly proportional to drug concentra-
tion in formulation. All the samples of physical mix-
tures fitted best in the Korsmeyer-Peppas model
reflecting Fickian diffusion of drug from matrices.
A release of ARMN from SLVPs was concentration
dependent at 1 : 1-1 : 6 ratios, whereas at higher
ratios the erosion of drug was proportional to the
surface area and diameter of drug unit. FDSDs
showed variable release depending upon drug-carri-

Zero order First order Higuchi | Korsmeyer-
Formulations Peppas
K, T,s,, (min) R? R? R’ n

Pure ARMN 0.049 513.664 0.9898 0.9922 0.9865 0.900
ARMN : SUC (1: 1) PM 0.214 116.644 0.6308 0.7354 0.9608 0.444
ARMN : SUC (1:1) SD 0.279 89.455 0.8062 0.8988 0.9771 0.544
ARMN : SUC (1: 1) FDSD 0.323 77.442 0.6515 0.8066 0.9684 0.448
ARMN : SUC (1:4) PM 0.229 109.154 0.6569 0.7653 0.9654 0.455
ARMN : SUC (1 :4) SD 0.303 82.575 0.7742 0.8881 0.9723 0.526
ARMN : SUC (1 : 4) FDSD 0.342 73.040 0.7101 0.8628 0.9662 0.487
ARMN : SUC (1: 6) PM 0.237 105.672 0.6836 0.7909 0.9656 0.471
ARMN : SUC (1 : 6) SD 0.313 79.783 0.7619 0.8809 0.9804 0.509
ARMN : SUC (1 : 6) FDSD 0.352 71.086 0.7774 0.9084 0.9739 0.526
ARMN : SUC (1: 8) PM 0.247 101.175 0.6502 0.7681 0.9712 0.447
ARMN : SUC (1 : 8) SD 0.342 73.146 0.7363 0.8803 0.9708 0.501
ARMN : SUC (1 : 8) FDSD 0.388 64.393 0.7056 0.8839 0.9627 0.487
ARMN : SUC (1 :10) PM 0.257 97.336 0.6602 0.7817 0.9705 0.453
ARMN : SUC (1 : 10) SD 0.366 68.225 0.7368 0.8922 0.9664 0.505
ARMN : SUC (1 : 10) FDSD 0.400 62.537 0.7582 0.9189 0.9729 0514
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er ratios, i.e., drug release was concentration
dependent at 1 : 1 ratio, it transport was anomalous
at 1 : 4 ratio whereas the erosion of drug was relat-
ed to surface area and diameter of drug unit at 1 : 8
and 1 : 10 ratios.

Release Kkinetics analysis

The percent release data were fitted to several
release models including zero-order, first-order,
Higuchi, and Korsmeyer-Peppas models. On the
basis of the highest coefficient of determination
(R?), kinetic analysis elaborates that the best fit
model for dissolution data of all formulations is
Higuchi’s, showing the diffusion dependent release
of drug from these formulations (Table 2). The role
of diffusion in the release of drug from these formu-
lations is further supported by the value of n
obtained from the curve of Korsmeyer-Peppas
model. The n-values are in the range of 0.444-0.544
indicating the involvement of Fickian diffusion in
the release of drug from all formulations. Moreover,
the value of drug release rate constant (K,) obtained
from zero order model shows that there is accelerat-
ed release of drug from formulations with the
increase in concentration of SUC irrespective of
technique employed for solubility enhancement,
that’s why ARMN : SUC (1 : 10) showed the high-
est rate of drug release and the rate of drug release
was the slowest from ARMN : SUC (1 : 1).
Dissolution curves for various formulations are
shown in Figure 1, which shows that the most accel-
erated release of drug occurred from formulation
ARMN : SUC (1 : 10) FDSD. Additionally, formu-
lations prepared through FDSD exhibited the fastest
release of drug followed by SD and then PM, thus,
the methods used for formulation development can
be organized (on the basis of drug release enhancing
effect) as follows: FDSD > SD > PM. These results
are further supported by the values of T,s,,.

Fourier transform infrared spectral studies
(FTIR)

FTIR spectra of pure ARMN showed Fermi
resonance of the symmetric CH; stretching with
overtones of the methyl bending modes at 2963 cm™,
C=0 stretching at 1736 cm’, C-O-O-C bending
(endoperoxide group) at 1123 cm?, C-O stretching
at 1011 cm™', while SUC specifically produced O-H
stretching at 2986 cm™, C=0 stretching at 1701 cm
and C-O stretching at 1307 cm’, respectively.

FTIR spectra of physical mixtures showed
shifting in O-H stretching vibrations of SUC i.e.,
2961-2974 cm”, displaced carbonyl (C=0) stretch-
ing (1705-1728 cm™), slight displacement in

endoperoxide bridge (C-O-O-C) stretching at
1118-1124 cm. Stretching vibrations of C-O group
representative of SUC at 1307 cm™ showed slightly
displaced peaks at 1310—-1314 cm™' while peak of C-
O stretching representative of ARMN appeared only
in 1 : 1 ratio at 1001 cm™and disappeared in all cor-
responding higher physical mixtures.

SLVPs produced O-H stretching vibrations
closer to SUC (2963-2978 cm), displaced C=0
stretching (1703—-1720 cm™), slight shifting in
endoperoxide bridge (C-O-O-C) stretching
(1116-1124 cm™) modes. Stretching vibrations of
C-O group representative of SUC at 1307 cm’
showed displaced peaks at 1306—1315 cm™', where-
as peak of C-O stretching representing ARMN
appeared only in 1 : 1 and 1 : 4 ratios at 1005 cm™
and at 1008 cm’', respectively, while itdisappeared
in remaining ratios at higher SLVP mixtures.

FDSDs showed O-H stretching vibrations clos-
er to SUC (2964-2982 cm™), more displaced C=0
stretching (1697-1700 cm™) and slight shifting in
endoperoxide bridge (C-O-O-C) stretching
(1116-1126 cm™) modes. Stretching vibrations of
C-O group, representative of SUC at 1307 cm™,
showed displaced peaks at 1300-1311 cm’ while
peak of C-O stretching representative of ARMN
appeared only in 1 : 1 and 1 : 4 ratios at 997 cm™”and
at 1002 cm’, respectively, while it disappeared in
rest of the samples (Figs. not shown).

Physical mixtures revealed blue shifting in car-
bonyl stretching vibrations and C-O stretching peak
characteristic of SUC (1307 cm') appeared with
slight red shifting and blue to red shifting in CH,
stretching, indicating weak bonding interactions.
SLVPs showed more displaced CH; stretching at
lower ratios and exhibited O-H stretching character-
istic of SUC at higher drug-carrier ratios. In addi-
tion, by increasing SUC content, carbonyl stretching
frequency of SLVPs moved toward SUC.
Furthermore, the C-O stretching vibrations charac-
teristic of SUC (1307 cm™) appeared more distinct
compared to PMs, while C-O stretching vibrations
characteristic of ARMN (1011 cm™) disappeared at
higher ratios (1 : 6-1 : 10). All this indicate
enhanced interactions among ARMN and SUC in
SLVPs. FDSDs, contrarily, showed red shifting in
O-H stretching of succinic acid (not in PMs and
SLVPs) and carbonyl group showed different kind
of bonding by producing peak at lower frequency
than both ARMN and SUC. In addition, they pro-
duced blue shifting in C-O stretching vibrations rep-
resentative of SUC. Furthermore, C-O stretching
vibrations representing ARMN showed higher blue
shifting at lower ratios and disappeared at higher
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Figure 3. XRD spectra of artemisinin ARMN), succinic acid
(SUC) and various preparations of artemisinin and succinic acid at
drug-carrier ratios 1 : 1,1:4,1:6,1:8and 1: 10

ratios (1 : 61 : 10). All this indicate that bonding
interactions between carbonyl group of ARMN and
hydroxyl group of SUC in FDSDs were of different
nature compared to SLVPs and PMs, respectively.
In our SLVPs and FDSDs, carbonyl group fitted
stereochemically, because it finds its best position
between 1720-1680 cm™ (41). Furthermore, a disap-
pearance of carbonyl stretching peak characteristic
of ARMN and an appearance of carbonyl stretching
peak representative of SUC at higher drug-carrier
ratios also verified interaction between ARMN and
SUC. Our samples at higher drug-carrier ratios
showed a weak band of O-H group, which is part of
the carboxyl group of SUC, similarly as reported
previously (41). Displacement of stretching vibra-
tions of C-O group (1011 cm™) representing ARMN
was in the order: FDSDs > SLVPs > PMs, respec-
tively. This peak disappeared at higher ratios corre-
spondingly, which indicates that this group has
strongly interacted with SUC, similarly to the
hydrogen bonding imparted by nicotinamide with
indomethacin (42) due to increased wetting ability
of ARMN and solubilizing effect of the SUC. In
addition, peak broadening in FTIR spectra were
observed with an increase inSUC content for all
PMs, SLVPs and FDSD, analogous to the carba-
mazepine (43). Band shifting at various functional
groups, disappearance of C-O band and peak broad-
ening are strong manifestations of interactions
among ARMN and SUC. All preparations showed
non-significant displacement in O-O stretching
vibrations as well as stretching vibrations of
endoperoxide bridge (C-O-O-C) that confirms the
presence of antimalarial activity.

X-ray diffraction analysis

ARMN was observed as complete crystalline
compound and XRD patterns produced strong dif-
fraction peaks at 20 of 10.96°, 12.20°, 14.76°,
20.44°, 22.40° and 24.12°. SUC also produced
strong crystalline peaks in its XRD patterns at 26
angle 20.12°, 26.24° and 31.68°, respectively (Fig.
3).

In physical mixtures of ARMN-SUC, a peak
characteristic of ARMN at angle 26 of 10.92° was
displaced to 11.04° and showed decreased intensity
with rise of SUC content. Similar behavior was
exhibited by another peak of ARMN at angle 26 of
12.20°. Characteristic peaks of SUC at angle 26 of
20.12° was displaced from 20.08 to 20.24° and
intensity at this angle increased with enhanced SUC
concentration. Similarly, another characteristic peak
of SUC at 26 of 31.68°showed a displaced angle
from 31.64 to 31.72° and gradual decrease in inten-



Improved physicochemical characteristics of artemisinin using succinic acid 459

140 -

120 ~

100 ~

Endo Down

40 -

60 - /J(G)
/A/_ (F)
/\/_(E)
/J(D)
//A,_"

/__/\/——@)
20 - //\_,—(B)
/’\//\_— )

Q)
P)
©)
(N)
(M)

L)

(K)
80 - /\.—_/_—(J)
/\——/_(I)

(H)

( 50 100

-20 -

150 200 250 300
Temperature (°C)

Figure 4. DSC thermograms of artemisinin (A), PMs of ARMN-SUC at 1 : 1 ratio (B), SLVPs at 1 : 1 ratio (C), FDSDs at 1 : 1 ratio (D),
PMs at 1 : 4 ratio (E), SLVPs at 1 : 4 ratio (F), FDSDs at 1 : 4 ratio (G), PMs at 1 : 6 ratio (H) , SLVPs at 1 : 6 ratio (I), FDSDs at 1 : 6
ratio (J), PMs at 1 : 8 ratio (K), SLVPs at 1 : 8 ratio (L), FDSDs at 1 : 8 ratio (M), PMs at 1 : 10 ratio (N), SLVPs at 1 : 10 ratio (O), FDSDs

at 1 : 10 ratio (P), succinic acid (Q)

sity with an increase in SUC content, as shown in
Figure 3.

In SLVPs, a peak characteristic of pure ARMN
at angle 20 of 10.92° disappeared at all concentra-
tions. Another characteristic peak at angle of 12.12°
produced less than a half intensity compared to
respective physical mixtures. Peaks at 14.76° were
displaced to 15.28°having very low intensity at 1 :
4-1 : 6 ratios, while they disappeared at 1 : 61 : 10
ratios. Characteristic peaks of SUC at 20 of 20.40°
and at 20 of 26.24°revealed intensity less than a half
at 1: 1-1: 8 ratios but at 1 : 10 ratio this was almost
doubled in relation to corresponding PMs. In addi-
tion, 26 of 31.68° showed more displaced angle 26
of 31.68-31.96° and about a half intensity than
respective PMs.

FDSDs also produced no peak at 20 of 10.92°.
A peak at 12.16° exhibited more intensity than cor-

responding SLVPs at 1 : 1-1 : 8 ratios but showed
lower intensity at 1 : 10 ratio. Another peak at 26 of
14.88° was present only at 1 : 1 ratio, while it was
absent at higher ratios. Peculiar feature of FDSDs
was that a peak at 20 of 18.32°appeared with lower
intensity at 1 : 1-1 : 8 ratios than both its ingredients
but at 1 : 10 ratio its intensity was more than both
ARMN and SUC. Similar behavior was noted at 26
of 20.28° but ratio was 1 : 8 and 1 : 10. Furthermore,
angle 20 of 31.68° produced a shifted angle from
31.68 to 31.88° with the lowest intensity compared
to respective SLVPs and PMs.

ARMS as well as SUC was found to be com-
pletely crystalline in its XRD patterns. X-ray dif-
fraction studies of various preparations showed
altered patterns, which signify bonding interactions
among ARMN and SUC depending upon extent of
alterations. Physical mixed samples showed dis-
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placed angles and decreased intensities that indicate
bonding interactions, which agrees with solubility,
dissolution and FTIR findings. Peak characteristic
of ARMN at 10.92° disappeared in all SLVPs and
FDSDs compared to the presence in PMs, indicating
comparatively stronger interactions. Another char-
acteristic peak at 12.12° in SLVPs showed less than
half intensity and peak at 15.28° disappeared at
higher drug-carrier ratio verifying these interactions.
SLVPs showed the lowest peak intensities compared
to respective FDSDs and PMs at 12.24, 20.12,
31.68° and most displaced angles at 14.76° that indi-
cate somewhat stronger interactions in ARMN area
and weaker interactions of SUC area. The increased
solubility and dissolution rate of ARMN with SUC
in SLVPs was attributed to glass dispersions so as
the reason in the dissolution enhancement of rofe-
coxib by employing citric acid (9).

FDSDs showed variable results especially at
higher drug-carrier ratios, i.e., the lowest intensity in
1 : 10 ratio at 12.24° while at other ratios it was
higher than PMs; similarly, it had the highest peak
intensity at 31.68° even more than SUC itself, which
is characteristic of synergy. Such behavior was also
noted at 20.12° when FDSDs produced the highest
intensity even more than ARMN and SUC at 1 : 6-1
: 10 ratios. This synergistic effect verifies different
type of bonding in FDSDs compared to SLVPs and
PMs at higher ratios agrees with our FTIR spectra.
In addition, FDSDs showed higher intensity than
corresponding SLVPs in 1 : 1-1 : 8 ratios at 31.68°
indicating that SUC made stronger bonding interac-
tions compared to SLVPs, which agrees with our
solubility and dissolution profile. This behavior was
similar to flurbiprofen and ARMN with nicoti-
namide in solid dispersions, respectively (19, 44,
45), at low drug content ratio, because at higher car-
rier content solid dispersion behavior turned more
towards the SUC due to the possible fine dispersion
of ARMN in the carrier content. Hence, rearranged
angles, synergistic effect and disappearance of some
crystalline peaks verify the drug-carrier interactions.

Differential scanning calorimetry

ARMN showed melting onset temperature at
149.11°C and peak temperature at 151.03°C while
AH value was 44.15 J/g. SUC produced AH value of
79.84 J/g, melting onset melting temperature of
186.88°C having peak temperature at 188.30°C.
Enthalpy changes (AH), peak temperature and melt-
ing onset melting temperatures of physical mixture,
solid dispersion and freeze dried solid dispersion are
given in Table 1. Physical mixtures showed two
kinds of melting temperatures i.e., one near melting

temperature of ARMN at drug-carrier ratio 1 : 1-1 :
4, other near melting temperature of SUC i.e., at
drug-carrier ratio 1 : 6-1 : 10. Physical mixtures at 1
: 1-1 : 4 ratios showed melting onset temperature
138.6-140.7°C and peak temperature 141.64—
144.53°C whereas at 1 : 61 : 10 ratios melting onset
temperature 180.7-183.9°C and peak temperature
183.65-185.73°C. All samples showed AH values
lower than that of ARMN.

SLVPs exhibited higher melting temperatures
than respective PMs, i.e., melting onset tempera-
tures at 182.2-185.3°C and peak temperature at
184.36-187.16°C for 1 : 6-1 : 10 ratios and AH val-
ues 19.68—41.41 J/g, respectively. FDSDs showed
lower melting temperatures than corresponding
SLVPs, i.e., melting onset temperatures 180.31—
184.30°C, while peak temperatures 183.31-
186.22°C and enthalpy change values 28.42-34.4
J/g, respectively (Fig. 4).

Differential scanning thermograms revealed
decreased melting onset and peak temperatures of
ARMN at 1 : 1-1 : 4 ratios, while at 1 : 6-1 : 10
ratios melting onset and peak temperatures were
near those of SUC but lower than those of SUC in
all preparations of PMs, SLVPs and FDSDs. SLVPs
exhibited the lowest melting temperatures followed
by FDSDs and PMs, respectively, at 1 : 1-1 : 4
ratios, whereas FDSDs revealed lower melting tem-
peratures than corresponding SLVPs at 1 : 61 : 10
ratios. It indicates the presence of stronger bonding
interactions at 1 : 61 : 10 ratios that coincide with
XRD patterns, FTIR spectra and relative dissolution
rate (RDR).

Similarly, enthalpy changes (AH) of all pre-
pared samples of PMs, SLVPs and FDSDs were
lower than those of ARMN and SUC. Enthalpy
change (AH) values for all prepared samples of PMs,
SLVPs and FDSDs at ratio 1 : 4 were found to be
lowest than for all other samples, which indicates
that thermal stability was the lowest at this ratio,
while other ratios showed moderate thermal stabili-
ty values but lower than those for ARMN as well as
SUC. It might be due to masking effect of carrier
and amorphization, as well as fine dispersion of
ARMN as shown from the DSC thermograms and
XRD spectra. In addition, FDSDs at 1 : 8-1 : 10
ratios exhibited higher AH values than correspon-
ding SLVPs, which is in agreement with XRD spec-
tra but opposite to stability constant, that is indica-
tive of different nature of interactions among SUC
and ARMN.

Decreased enthalpy values, shifting of melting
temperatures and peak broadening in DSC thermo-
grams confirm the interaction between drug and car-
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rier that is supported by decreased peak intensities,
displaced angles in XRD patterns, red and blue shift-
ing of stretching frequencies in FTIR spectra,
enhanced solubility and dissolution profile.

CONCLUSION

It can be concluded from the results that
ARMN solubility and dissolution rate can be
enhanced by preparing its freeze dried solid disper-
sions using SUC as solubility enhancer.
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Abstract: The objective of this study was to assess the bioequivalence between the omeprazole laboratory
based formulation and the commercial formulation, Zimor~ Rubio, Spain, considered as reference formulation.
The experiment was carried out according to a 2-period, 2-sequence crossover design with a two week washout
period. A validated high performance liquid chromatographic method was applied for in vivo experiments. It
was observed that omeprazole contents were comparable in all formulations. To establish bioequivalence, 90%
confidence intervals (CI) for the differences of total AUCs of the test and reference formulations were calcu-
lated. The 95% CI ratio of the AUC within 0.80 to 1.25 was considered as bioequivalent. The carryout effect
was investigated prior to assessing the bioequivalence of the two formulations.The test formulation of omepra-
zole was found to be comparable with the reference formulation (Zimor®) with regard to bioavailability.

Keywords: pellets, omeprazole, HPLC method, bioequivalence, Zimor®.

In vitro and in vivo characterization of a pre-
pared multiparticulate formulation in terms of size
distribution, dissolution and drug release is valuable
during the formulation developmental stage of phar-
maceutical products (1, 2), since absorption of drug
is directly affected by the size of formulation. A
number of variables affecting the in vitro and in vivo
performance can be investigated. These, in turn,
provide the basis for formulating a product with the
required drug characteristics. However, in vitro stud-
ies, such as dissolution, cannot directly predict the in
vivo performance of formulated product. Therefore,
it is essential for a formulation to be verified through
in vivo testing after satisfactory in vitro release pro-
file has been obtained (3).

The development of delayed release omepra-
zole pellets with satisfactory in vitro release profile
has been evaluated in our previous presentation (4).
On the basis of their satisfactory in vitro dissolution
tests, this bioavailability study was aimed to evalu-
ate the test formulation in comparison with refer-
ence capsule formulation, Zimor® 20 mg in rabbits.

EXPERIMENTAL

Chemicals, solvents and materials

Omeprazole powder was purchased from
Cornileus. Chloramphenicol (internal standards for
omeprazole) was obtained from Hangzhou Garden
Enterprise, China. Most of the chemicals and sol-
vents used in this study were of analytical grade.
Methanol, acetonitrile, glacial acetic acid,
dichloromethane, crospovidone, polyvinylpyrroli-
done (PVP) K90 and K30, lactose monohydrate,
sodium lauryl sulfate, Avicel PH 101 and disodium
hydrogen orthophosphate were purchased from
Merck (Germany).

Preparation of omeprazole pellets

The sieving-spheronization and extrusion-sphe-
ronization approaches were used to prepare pellet for-
mulations of omeprazole (F1 to F21) (Table 1) as
described previously (4). Variable concentrations of
microcrystalline cellulose, lactose and polyvinyl-
pyrrolidone were employed keeping the amount of
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Table 1. Composition of test formulation of omeprazole (F21) pellets [microcrystalline cellulose (MCC), polyvinypyrrolidone (PVP)].

. Sodium | Polyethylene
Fonélg(l;non (om?rrlzliole) McCC Lactose (i\;g) lauryl glycol Water Buffer
P sulfate Grade (6000)
21 20g 24 ¢ 9775 ¢ 375¢ 0.6g 390 g 1 mL 7 mL

Table 2. Recovery, intraday and inter-day precision and accuracy of omeprazole from test formulation from standard solutions.

Amount Recovery (n =3) Intraday (n = 6) Inter-day (n = 6)

(ng/mL) Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)
120 100 1.85 100 1.55 100.76 1.35
From 80 101 1.15 100.63 1.80 99.32 1.65
standard 50 99.8 3.85 98.60 2.87 98.25 3.35
solution 20 100 5.85 100 5.05 100.21 4.68
120 98.32 3.59 97.35 4.54 96.98 543
From 80 97.61 4.58 97.39 4.39 95.25 5.56
rabbit 50 95.87 4.89 96.06 4.79 95.16 5.59
plasma 20 95.24 6.44 95.46 5.96 95.3 6.78

drug at a fixed level i.e., 20 g of omeprazole. The gran-
ulating liquid consisted of a mixture of water and phos-
phate buffer pH 8. The obtained dried pellets were
stored in air-tight containers for further study.

In vitro dissolution test of pellets

In vitro dissolution test on 1 g of pellets from
each batch was conducted in 1000 mL of phosphate
buffer with pH 6.8 stirred at a rate of 100 rpm at
37.0C £ 0.5°C involving the withdrawal of samples
at 10, 20, 30 and 45 min, followed by analysis using
a UV/VIS spectrophotometer (Hitachi, Japan) at a
wavelength of 300 nm (4). Each experiment was
repeated in triplicate. The dissolution data were
evaluated by applying different kinetic models
(5-10). Based on in vitro dissolution data, the opti-
mum formulation (F21) was opted (Table 1) and
used for bioequivalence study.

HPLC method for omeprazole analysis
Preparation of omeprazole standard solutions

Stock solution of omeprazole was prepared in
methanol in a concentration of 1 mg/mL. Working
standard solutions of concentrations ranging from
2.5, 5.0, 10.0, 20, 40, 80, 160, 320, and 640 ng/mL
were prepared by further diluting the stock solution
with the mobile phase (5).

Mobile phase
The mobile phase to validate omeprazole
method was prepared by mixing 0.05 M of disodium

hydrogen orthophosphate and acetonitrile in the
ratio of 65 : 35 (v/v). The pH of the mobile phase
was adjusted to 6.5 with glacial acetic acid. The
mobile phase was filtered and degassed using the
same procedure as mentioned above (5).

Chromatographic conditions

The samples of omeprazole were eluted with
isocratic mobile phase comprising of 0.05 M
Na,HPOj and acetonitrile (65 : 35 v/v) adjusted to
pH 6.5. Elution time was 10 min. Flow rate was
fixed at 1 mL/min. The volume of sample inject-
ed was 15 pL and detection was carried out at 302
nm (5).

Recovery, accuracy and precision of HPLC method

Standard solution of omeprazole in a concen-
tration of 20, 50, 80 and 120 ng/mL were used to
evaluate the recovery, intraday, inter-day accuracy
and precision of the method. All the samples were
analyzed using chromatographic conditions men-
tioned above.

For recovery of omeprazole from rabbit plasma,
one mL aliquot of the plasma was taken in a glass tube
with teflon lined screw cap, followed by the addition of
100 pL of 0.5 M disodium hydrogen phosphate, 100
pL of the internal standard solution (3 pg/mL of chlor-
amphenicol in methanol) and 5 mL of dichloro-
methane. The mixture was vortexed for 30 s before
centrifuging at 2000 rpm for 10 min. The organic layer
was transferred into a reaction vial and evaporated to
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dryness at 35°C under a gentle stream of nitrogen gas.
The residue was reconstituted with 100 pL of mobile
phase and 15 pL was injected into HPLC system.

The extraction recovery values were calculated
by comparing the peak height of the standard after
extraction with that of its standard solution at simi-
lar respective concentration. For recovery, the sam-
ples were analyzed in triplicate, while for intraday
accuracy and precision each standard was analyzed
6 times in a single day and quantified at 4 data
points calibrations, while for inter-day accuracy and
precision each standard was analyzed 6 times for 5
consecutive days. Accuracy was expressed as a per-

0.005 Blank plasma
0.000! Nre—
0 12 3 45 6 7 8910
Minutes
0.005| Spiked plasma IS
:I Drug
I Iilii
I_-'n'lll-i"-,l IAI | II li iil.
0‘000___ P AN N W . U
01 2 3 456 7 8 910
Minutes
0.040] Omega® 20 mg pellet | Drug
formulation I
I
l.-S i
0.000 — A
01 234 56 78 910
Minutes
0.012 Test formulation :._:Drug
IS ||
0.000 . .'_ S ‘ : r : ‘
01 2 34 56 7 8910
Minutes

Figure 1. Chromatograms of blank plasma, spiked plasma, market
formulation, and test formulation with 0.08 png of omeprazole/mL,
3 pg internal standard (IS = chloramphenicol)

centage of the drug while precision was expressed as
relative standard deviation (RSD) (5). The valida-
tion parameters are presented in Table 2.

Preparation of samples of omeprazole test and
market formulations for analysis

The 150 mg of omeprazole pellets (F21)
equivalent to 20 mg omeprazole and a commercial
formulations 150 mg granules equivalent to 20 mg
omeprazole (Zimor®) were separately dissolved in
1000 mL of methanol followed immediately by fur-
ther 50 times dilution with 0.01 M of disodium
hydrogen orthophosphate (Na,HPOs) adjusted to pH
9.3. Chloramphenicol solution 20 pL of 3 pg/mL
was used as an internal standard. Working samples
were filtered through 0.55 pm syringe filter
(Whatman, Maidstone, England) and kept in HPLC
vials. The samples were analyzed in triplicate.

In vivo experiments
Experimental animals

Twelve healthy white albino male rabbits
weighing 3.45 + 0.61 kg were used in the Animal
House of the Universiti Sains Malaysia, Pulau
Penang, Malaysia. Standard pellet diet (Gold Coin,
Penang, Malaysia) and tap water were supplied ad
libitum. The study protocol was approved by the
Animal Ethics Committee, Universiti Sains
Malaysia (USM/PPSF/50(014)J1d.2).

Study design

The bioavailability and pharmacokinetic stud-
ies were performed for the assessment of bioequiva-
lence between the omeprazole laboratory based for-
mulation, taken as test formulation (F21), and the
commercial formulation, Zimor® Rubio, Spain, con-
sidered as reference formulation. The animals were
randomly divided into two groups, each having six
animals. The experiment was carried out according
to a 2-period, 2-sequence crossover design with a
two week washout period. The animals were fasted
for 24 h prior to the administration of drug but had
free access to water. After drug administration, no
food was allowed for further 6 h but free access to
water was allowed ad libitum.

In vivo experiments

The pellets of the laboratory formulation were
filled into the hard gelatin capsules of size 4 con-
taining 150 mg of pellets (20 mg of drug). The lab-
oratory and the commercial preparations were
administered orally to the respective animal group in
each study period. The capsules were administered
with the help of a 10 mL syringe. The tip of the
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syringe was cut off so as to expose a hole big enough
to fit a capsule. The rabbit mouth was opened with
plastic probe and the syringe containing the capsule
was inserted until it reached the back of the mouth.
The capsule was pushed into the pharynx with the
syringe plunger followed by 3 mL of water. The
rabbit was observed for 20 min to ascertain that the
capsule was swallowed.

Blood samples of 0.5 mL were withdrawn from
the marginal ear vein into vacutainer tubes containing
sodium heparin as a anticoagulant at zero min (pre
dose), and at 0.5, 1.0, 2.0, 4.0, 6.0, 10.0 and 18.0 h.
Blood samples were immediately centrifuged at 2500
rpm at 10°C for 10 min to separate the plasma. The
plasma samples were then stored in plain vacutainer
tubes at —80°C until analyzed. The drug concentra-
tions in blood samples were determined using the val-
idated HPLC method as reported previously (4).

The plot between drug concentration versus
time was used to calculate the pharmacokinetic
parameters, such as maximum plasma concentration
(C,.u0), time to achieve C,,, (T,..), area under plas-
ma drug concentration curve (AUC) and elimination
rate constant (K,) (6).

Statistical analysis

All the samples were analyzed in triplicate and
the results were presented as the mean = SD calcu-
lated using SPSS version 13.0. The level of signifi-
cance was set at 0.05.

RESULTS AND DISCUSSION
In vitro dissolution test of pellets

In this study, sieving-spheronization and extru-
sion-spheronization were found to be successful to
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formulate omeprazole pellets with high percent
yield, narrow particle size distribution, and the
achievement of the required release of drug i.e.,
greater than 80% within 45 min at pH 6.8. The dis-
solution profiles followed the first order equation
with diffusion as prominent mode of drug release (4,
11-19).

HPLC method for omeprazole analysis

For the analysis of omeprazole, standard solu-
tions were used to evaluate the linearity of the
method. Standard curves were constructed between
peak area versus concentration and linearity was
evaluated by linear regression with correlation coef-
ficient, R? = 0.997. The method was found linear in
a range 2.5-640 ng/mL.

The chromatograms of the standard omepra-
zole and formulation (laboratory pellets) by using
the present HPLC method are shown in Figure 1.
The chromatograms show well-resolved peak with-
out any interference. The average retention time for
omeprazole was found to be 7.55 min and average
retention time for internal standard (chlorampheni-
col) was 6.27 min. The recovery of omeprazole from
excipients was 99.8—-101.0% and relative standard
deviation was ranged from 1.15 to 5.85%. The val-
ues for the intraday accuracy and precision were
98.60-100.63% and the relative standard deviation
1.55-5.05%. The omeprazole recovery from plasma
was 95.24-98.32% with RSD of 3.59-6.44%. Inter-
day accuracy values were 98.25-100.76% with rela-
tive standard deviation 1.35-4.68%.

The findings of the study indicated the reliabil-
ity and reproducibility of the HPLC method used in
this study. The recovery (n = 3), intraday and inter-
day accuracy and precision (n = 6) were determined

700 -
600
500
400
300
200

Concentration (ng/mL)

100

—ae— Test formulation

Time (h)

Figure 2. Plasma concentrations versus time profiles of test formulation of omeprazole (F21) and market formulation (Zimor®) (mean *

SD, n =6)
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using standard curves with linear regression. The
recovery of extraction procedure for omeprazole and
internal standard (chloramphenicol) were deter-
mined by comparing the peak heights obtained from
extraction with that of aqueous drug solution of cor-
responding concentration without extraction. The
recovery values of omeprazole from plasma were
found to be 95.24-98.32%. The intraday and inter-
day accuracy was 95.46-97.39 and 95.3-96.98%,
respectively, with relative standard deviation less
than 10%, hence within the acceptable limits (14,
15). The results are shown in Table 2. The results of
the study indicated that the method was repeatable
and accuracy was not compromised in within day
and between day analyses.

Percentage contents of the developed and market
formulations

A validated method was successfully applied
to quantify omeprazole in different formulations.
The percentage content of omeprazole was similar
in the test formulation (98.87 + 3.13) and the market
products (98.21 £ 5.87). It means that the excipients
and coating with Kollicoat 30DP of the pellets is
suitable and produce comparable efficacy.

In vivo experiments

In the present study, in vivo study was carried
out to evaluate bioavailability and pharmacokinetics
of the laboratory formulation. The laboratory for-
mulations containing pellets of omeprazole were
prepared and coated according to the optimum for-
mulative ingredients and processing conditions. The
laboratory formulation was characterized by their
physicochemical properties. The laboratory formu-
lation was found to be with appropriate characteris-
tics and was suitable for further evaluation of in vivo
studies. The laboratory formulation was compared
for its bioequivalence to the commercial formula-
tion, Zimor® available as granules filled in hard gel-
atin capsules.

Plasma drug level-time curve

The plasma concentration versus time profiles
of test formulation and market product are shown in
Figure 2. At pre-dose sampling time interval, the
drug was not detectable in all the animals in both of
the formulations. The concentration of the drug was
undetectable at 2 h indicating a delayed release of
the formulations. The rising curves for the test and
reference formulation are superimposable. The
declining curves were found to be similar. The
products having similar pharmacokinetic profiles
are called bioequivalent. The similarity in profiles of
both the formations is suggestive of equivalence of
the test formulation to the reference product. It
means that the excipients used to prepare test for-
mulation and method for pelletization were appro-
priate and could be used to prepare pelletized dosage
form successfully.

Pharmacokinetic parameters

The plasma drug level-time curves of test and
commercial preparations were the basis for comput-
ing the pharmacokinetic parameters of above formu-
lations. Table 3 shows the pharmacokinetic parame-
ters of these formulations, respectively. The extrap-
olated AUC was less than 15% indicating the reli-
able computation of AUC,, ...

Bioequivalence testing

The C,,,, and AUC, ., were used to assess bioe-
quivalence of laboratory (test) and reference formu-
lations. Before proceeding for the bioequivalence,
the carryover effect was investigated for C,,, and
AUC, ., (7). The carryover effect for both of the
parameters, C,, and AUC, . was not statistically
significant (p > 0.01). The lack of carryout effect in
C,..x and AUC,_, validated the bioequivalence test-
ing. The test formulation was bioequivalent to refer-
ence formulation as indicated by 95% CI ratios of
0.92 to 1.09 for C,,,, and 0.81 to 1.07 for AUC val-
ues of the formulations within the stipulated range

Table 3. Pharmacokinetic parameters of test and reference formulation of omeprazole (F21).

Test formulation Zimor®
Parameter

Mean SD Mean SD

C,.x (ng/mL) 567.00 47.36 599.6 35.62
Toax () 4 0 4 0

AUC ,, (ng.h/mL) 4345.45 212.75 434541 269.64
AUC .. (ng.h/mL) 4687.015 233.77 4683.03 344.74

K. (h") 0.189 0.036 0.168 0.03
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of 0.80 to 1.25. The plasma level time curves and the
pharmacokinetic parameters further support the
bioequivalence of the two formulations under study.

CONCLUSION

It was observed that omeprazole contents were
comparable in all formulations elaborating their
similar quality. On the basis of above results, test
formulation (F21) of omeprazole was found to be
comparable with the reference formulation (Zimor®)
regarding bioavailability.
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IN VITRO - IN VIVO EVALUATION OF A NEW ORAL DOSAGE FORM
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Abstract: The aim of this study was an in vitro — in vivo evaluation of a new oral dosage form of tramadol
hydrochloride (TH), controlled-release capsules filled with coated pellets, 100 mg (TC), compared to the sus-
tained release tablets, Tramal Retard®, 100 mg (TR). In vitro release study of both formulations showed a sim-
ilar release profile of TH over 8 h (f2 was 52). In vivo study (single oral, 100 mg dose administration in 8 rab-
bits) showed that the amount of TH absorbed into the systemic circulation after TC and TR administration was
also similar (90% CI for AUC,, and AUC, ., were 90-124% and 97-109%, respectively). However, a compar-
ison of AUC,, of pharmacokinetics of TC and TR indicates significantly prolonged absorption and elimination
processes of TH when the drug is given in controlled-release capsules filled with coated pellets. It was mani-
fested by longer: mean absorption time (p = 0.0016), mean residence time (p = 0.0268), absorption half-life (p
=0.0016), elimination half-life (p = 0.0493) and lower: absorption rate constant (p = 0.0016), elimination rate
constant (p = 0.0148) and total body clearance CI/F (p = 0.0076). It may be concluded that the new TH formu-
lation could be expected to have a more prolonged analgesic activity than commercial sustained release tablets.

Keywords: tramadol hydrochloride, controlled-release capsules, pellets, rabbits

Tramadol hydrochloride (TH) is a well-tolerat-
ed and effective synthetic, centrally acting analgesic
used to treat moderate, severe, and chronic pain. It is
a widely prescribed analgesic marketed in over 90
countries. The mean absolute bioavailability of TH
after oral administration is approximately 70%, irre-
spectively of concomitant intake of food. TH has a
linear pharmacokinetic profile within the therapeutic
range (100-300 ng/mL). The short elimination half-
life of 6 h necessitates administration of immediate-
release (IR) TH preparations to patients every 4—6 h,
which may be inconvenient for patients who require
long-term treatment (1, 2). High-frequency dosage
regimens can result in non-compliance and subse-
quent inappropriate plasma drug concentrations and
inadequate analgesia (3). Pain management guide-
lines recommend the use of long-acting agents in
patients with chronic pain as they provide sustained

analgesia for 12 to 24 h (4, 5). Many oral sustained-
release (SR) formulations of TH, including those
with pellets, have been described (1, 2, 6-10).
Compared to the traditional formulations, multiple-
unit dosage forms with pellets are characterized by a
relatively high surface area of drug release and a
short diffusion way, which contributes to a more
efficient use of the entire active ingredient. The pel-
lets are less irritating to the mucous membrane of
the digestive tract and they are more evenly distrib-
uted inside the stomach, which leads to a reduced
risk of high local concentration and of adverse
effects. What is important, it is the possibility of
only partial destruction e.g., when crushing with
teeth (11-16).

In order to improve pain therapy, our study
proposes an alternative drug delivery system for TH
— controlled-release capsules filled with coated pel-

* Corresponding author: e-mail address: d.szkutnik@wp.pl; phone: +48 (61) 6687853; fax: +48 (61) 6687855
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lets (TC). The aim of our study was an in vitro — in
vivo evaluation of this new oral dosage form of TH,
developed at the Department of Pharmaceutical
Technology, Medical University of Gdansk, Poland,
compared to the 100 mg SR tablets — Tramal
Retard® (TR).

MATERIALS AND METHODS

Capsules filled with coated pellets

Pellet cores were prepared by wet granulation
of powder mixture followed by spheronization of
the extruded mass. On the basis of the initial exper-
iments, the composition of pellet cores was deter-
mined as follows: TH 60.0%, microcrystalline cellu-
lose, PH101 35.0% and glyceryl behenate 5.0%. A
detailed process of preparing coated pellets with TH
was described in our previous work (15).

Eighty pellets of 0.6-1.0 mm grain size with
ethylcellulose film were enclosed in white hard
gelatine capsules no. 2. Average mass of single cap-
sule was 225 mg + 1.7% and the contents of TH was
101.2 mg + 1.3%.

In vitro release study

In vitro release study was performed using an
automated Hansson Research Sr8+ basket apparatus
dissolution tester (Hansson Research, Chatsworth,
CA, USA) with an on-line UV/VIS spectropho-
tometer (Agilent 8453, Wilmington, USA; the
wavelength — 272 nm, medium — 1000 mL of water
at 37 £ 0.5°C, the concentrations of TH in the sam-
ples analyzed at 1, 2, 3, 4, 5, 6, 7 and 8 h; reference
product SR tablets (Tramal Retard®, 100 mg) No.
ANO043 (Griinenthal, Aachen, Germany), all dissolu-
tion profiles — the mean of 12 dissolution tests per-
formed under sink conditions.

Similarity of dissolution profile of the formula-
tions was compared using model-independent
method by linear regression at specified time points,
and calculating a similarity factor f,:

fo=50xlog{[1 + (I/mE (R,— T ] - 0.5x100}
where: f, = the similarity factor, n = the number of
time points, R, = the mean percent drug dissolved of
e.g., a reference product, and T, = the mean percent
drug dissolved of e.g., a test product (17). An f,
value between 50 and 100 suggests that two dissolu-
tion profiles are similar.

In vivo study
Animals

The study was performed using a rabbit model:
eight adult healthy New Zealand white rabbits
(mean weight + SD, 3.3 + 0.2 kg). Animals fasted

for 12 h prior to drug administration. During this
time, free access to fresh water was provided.
Twelve hours after drug administration, the animals
were allowed access to the feed. The study was per-
formed according to a protocol approved by the
Local Ethical Committee at the University of Life
Sciences in Poznan (agreement No. 71/2008), and
was in accordance with the rules and guidelines con-
cerning the care and the use for laboratory animal
experiments (18).

Experimental design

Controlled-release capsules filled with coated
pellets, 100 mg (TC) prepared in the Department of
Pharmaceutical Technology, Medical University of
Gdansk, Gdansk, Poland, and SR tablets Tramal
Retard®, 100 mg (TR), (batch No. 292101,
Griinenthal, Aachen, Germany) were used for oral
administration. A two-treatment, two-period, two-
sequence, single-oral dose, randomized, crossover
design was performed. The washout period was 14
days. All animals received per os one capsule or
tablet (100 mg of TH, mean dose 30.32 + 0.16
mg/kg) of each formulation. To ensure that the cap-
sule or tablet was swallowed and entered the stom-
ach, 20 mL of water were given to the rabbits at the
same time as the capsule/tablet was administered.

To calculate absolute bioavailability (F) and
mean absorption time (MAT) of TH two weeks after
oral administration, all animals received TH intra-
venously (10 mg/kg, Poltram 100 mg/2 mL, batch
no. 510804; Polpharma, Poland).

All TH formulations were administered
between 8 a.m. and 9 a.m. Blood samples (1.5 mL)
were obtained from the catheter remaining in the ear
vein, prior to TH administration (sample 0) and 15,
30, 45, 60, 120 min and 4, 8, 24, 30 h following oral
administration, or 1, 5, 10, 15, 30, 45, 60, 120 min
and 4, 6, 8 h following intravenous administration.
Blood samples were transferred into collection tubes
containing lithium heparin, immediately centrifuged
at 2880 x g for 10 min, then the plasma was frozen
at —30°C until the time of analysis.

Drug analysis
Chemicals and reagents

Tramadol hydrochloride, C,;H,;O,N x HCI,
CAS: 27203-92-5, phenacetin (internal standard),
CAS: 62-44-2 and triethylamine (HPLC grade) were
from Sigma-Aldrich (Steinheim, Germany). Aceto-
nitrile, n-hexane, methanol, ethyl acetate (HPLC
grade) were purchased from Merck (Darmstadt,
Germany). Sodium hydroxide, monopotassium
phosphate, anhydrous potassium hydrogen phos-
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phate (analytical grade, pure for analysis) were from
POCh (Gliwice, Poland).

Analytical method

The TH in rabbit plasma was determined using
high-performance liquid chromatography with UV
detection (HPLC Waters 2695 Separations Module
with autosampler, Waters 2487 Dual 1 Absorbance
Detector) according to methods described by Gan et
al. (19) and Szkutnik-Fiedler et al. (20). The condi-
tions were as follows: the wavelength 218 nm,
LiChrosorb RP-18, 250 x 4.6 mm, 5 um column
from Waters, mobile phase: acetonitrile — 0.01 M
phosphate buffer (30:70, v/v) with an addition of
0.05% triethylamine (0.5 mL) to achieve pH of
mobile phase = 3.0, flow rate of mobile phase 1.0
mL/min, volume of each injection 100 UL, retention
time of TH and phenacetin: 5.64 and 8.19 min,
respectively, total analysis time 12.0 min. Data col-
lection and processing were carried out using
Empower Pro software, v. 1154. This HPLC method
was adapted to the conditions of our lab and fully
validated in accordance with the published EMA
guidelines (21). The lower limit of quantification
(LLOQ) and limit of detection (LOD) of TH were
10 ng/mL and 5 ng/mL, respectively. The calibra-
tion for TH was linear in the range of 10-1000
ng/mL. Intra- and inter-day coefficients of variation
were less than 10%. TH in rabbit plasma samples
was stable during the storage, freeze-thaw cycles,
processing and analysis.
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Pharmacokinetic and statistical analysis

Pharmacokinetic parameters of TH: the elimi-
nation rate constant (k,;), elimination half-life (¢,5,,),
area under the plasma curve from zero to the last
measurable concentration (AUC, ), area under the
plasma curve from zero to infinity (AUC,..), area
under the first moment curve from zero to infinity
(AUMC,_.,), total body clearance (CI/F) and mean
residence time (MRT) were calculated using the
non-compartmental methods with validated soft-
ware WinNonlin® 5.3 Professional (Pharsight,
Corp., USA). The maximum drug plasma concen-
tration (C,,) and the time at which C,, was
achieved (t,,) were determined directly from the
concentration vs. time curve. The absolute bioavail-
ability (F) of TH was calculated from the AUC ratio
obtained following p.o. and i.v. administration,
indexed to their respective dose: F(%) = [AUC,,_..,,
x D, ,JAUC, ..., X D,,] % 100. Mean absorption time
(MAT), absorption rate constant (k,) and absorption
half-life (t,,,,) were determined according to the fol-
lowing equations: MAT = MRT,, — MRT;,, where
MRT is the mean residence time after p.o. and i.v.
administration, respectively, k, = 1/MAT, t,,, =
0.693 x MAT.

As TH was given to the rabbits in different
doses (intravenous administration: 10 mg/kg; oral
administration: mean dose of 30.32 *+ 0.16 mg/kg)
AUC and AUMC,_, values were dose normalized.

The statistical calculations were performed
using Statistica PL 10 software (StatSoft, Inc.).

—&— Tramal Retard 100 mg
—o— Capsules with pellets

Time (h)

Figure 1. In vitro tramadol hydrochloride release (the mean = RSD) from capsules filled with coated pellets compared to Tramal Retard®

tablets (n = 12)
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Figure 2. Plasma concentration-time profiles (the mean * SD) of tramadol hydrochloride after oral administration of capsules filled with
coated pellets (TC) and Tramal Retard® tablets (TR) in rabbits (n = 8). Significant differences (paired t-test) were observed for the fol-
lowing time points: 0.08 h (p = 0.0089), 0.25 h (p = 0.0185), 0.5 h (p = 0.0029), 1 h (p = 0.0002), and 2 h (p = 0.0147)

Paired t-test or Wilcoxon test (data with non-
normal distribution) were used to compare plasma
concentrations and pharmacokinetic parameters of
TH. The results were presented as the mean = SD
(standard deviation) or median (range) (t,,, and t,,).
Differences resulting in a p value of less than 0.05
were considered statistically significant. Statistical
analysis of variance (ANOVA) was used to compare
the bioequivalence of these two formulations. The
standard 90% confidence intervals (90% CIs) of the
geometric mean ratios TC/TR with logarithm (In)-
transformed AUC,, AUC,_, and C,,, were calculat-
ed. The bioequivalence acceptance criteria required
that the 90% CI be within the range of 80-125%.

RESULTS

In vitro release study

Similarity factor f, for the TH release profiles
between TC and TR formulations was 52 which sug-
gests that the two dissolution profiles are similar
(Fig. 1).

In vivo study — pharmacokinetic analysis

No adverse effects were observed after oral
(100 mg, mean dose 30.3 + 0.16 mg/kg) and intra-
venous (10 mg/kg) TH administration in rabbits.
Mean plasma concentration-time profiles of TH
after oral administration of TC and TR are shown in
Figure 2. The statistical evaluation of plasma TH
concentrations after TC and TR administration
showed significant differences for the following
time points: 0.08 h (p = 0.0089), 0.25 h (p = 0.0185),
0.5 h (p =0.0029), 1 h (p = 0.0002), and 2 h (p =
0.0147) after administration. After 4 h, plasma con-
centrations of TH were similar (Fig. 2). The phar-
macokinetic parameters of TH and their statistical
evaluation are summarized in Tables 1 and 2. The
profile of plasma TH concentration vs. time showed
that the elimination of TH from TC formulation is
longer than from TR tablets after single dose admin-
istration in rabbits. The time for the last observed
concentrations (t,,) (median (range)) was: 30
(24-30) h and 8 (4-24) h for TC and TR, respec-
tively (Table 2). In the group of TC-receiving rab-
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bits, total elimination of the drug was noted in six
out of eight animals as late as after 30 h, and in the
TR-receiving group elimination in two of eight ani-
mals was complete after 24 h, in five animals after 8
h and in one as soon as after 4 h. TH concentration
was not determined in any of the TR group animals
after 30 h. Although all of the rabbits had similar
body weight (3.3 £ 0.2 kg; range from 3.0 to 3.5 kg)
and fasted 12 h prior to drug administration and 12
h after administration to minimize the variability
caused by food, differences in gastrointestinal tran-
sit time, disintegration of the oral dose form and
absorption rate can affect C,,, and t,,.. Coefficients
of variation (CV) for C,,,, AUC,, and AUC,_, val-
ues were smaller after TC administration compared
to the TR formulation (Table 1). Generally, TC
exhibited a significantly lower C,,, appearing at a
similar time compared with SR conventional tablet
Tramal Retard® (p = 0.0003, paired #-test).

Ninety percent CI values for C,, were not
within the range of 80-125% of the statistical inter-
val proposed by EMA (17) and were 42% to 72%.
TC and TR, however, led to equivalent systemic
exposure to the drug (90% CI for AUC,, and
AUC, ., were 90-124% and 97-109%, respectively)
(Table 1). Compared to TR, TC had significantly
prolonged absorption and elimination of TH, as evi-
denced: longer: mean absorption time MAT (p =
0.0016), mean residence time MRT (p = 0.0268),
absorption half-life t,,,, (p = 0.0016), elimination
half-life t,,., (p = 0.0493); lower: absorption rate
constant &, (p = 0.0016), elimination rate constant k,,
(p = 0.0148) and total body clearance CI/F (p =
0.0076) (Table 2).
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DISCUSSION

In our study, a new controlled release formula-
tion of TH capsules filled with coated pellets was
evaluated. Long-acting analgesics are often pro-
posed for chronic pain management as they provide
more consistent plasma drug concentrations (7). The
efficacy of slow-release TH in the treatment of
chronic pain with better patient compliance during
treatment has been confirmed in several studies
(7-9). It is known that technological processes and
differences between the oral formulations might rep-
resent the most important factor responsible for the
differences in both rate and extent of absorption of
the drug, reflected in the pharmacokinetic parame-
ters, and thus an in vitro and in vivo evaluation of
any new formulation is necessary (22, 23).

In vitro tests have shown that the rate and
degree of TH release were similar to those of the ref-
erence formulation — Tramal Retard® tablets. In the
in vivo study, large inter-subject differences in the
pharmacokinetic parameters of TH, both after TC
and TR administration, were observed. This may be
related to the differences in absorption rate, metabo-
lism or gastrointestinal transit time. Inter-animal
variability, however, is very common in pharmaco-
kinetic studies using animal model (24-30). Despite
intra-individual differences, the amounts of TH
absorbed into the systemic circulation after adminis-
tration of TC and TR in rabbits were similar (90%
CI values for AUC,, and AUC,. were within
80-125%). Nevertheless, TC exhibited a signifi-
cantly lower maximum plasma concentration and a
comparison of other pharmacokinetic parameters of

Table 1. Statistical results (ANOVA) of AUC, ,, AUC,,_,, and C,,,, for tramadol hydrochloride after oral admin-
istration of capsules filled with coated pellets, 100 mg (TC) and Tramal Retard® tablets, 100 mg (TR) in rab-

bits (n = 8).

Parameter (unit) TC

Geometric mean ratio
TR TC/TR

(90% CI for the
Intransformed data)

AUC,, (ngh/mL) | 970.29 + 307.16

960.45 + 665.03 107.3 (90 — 124)

CV (%) (31.66) (69.24)

AUC, . (ngh/mL) | 1199.92 +287.33 1092.09 + 658.76 102.8 (97 — 109)
CV (%) (23.94) (60.32)

C,.. (ng/mL) 217.6 +32.7 459.1 £257.2 522 (42 -72)
CV (%) (15.02) (56.02)

Data are presented as the mean + SD. Statistical analysis of the data was performed using the one-way analy-

sis of variance (ANOVA). Abbreviations: C,

‘max

— maximum plasma concentration, AUC,,_, — area under the plas-

ma curve from zero to the last measurable concentration, AUC,, ., — area under the plasma curve from zero to
infinity, CV — coefficient of variation defined as the ratio of the SD to the mean.
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Table 2. The pharmacokinetic parameters of tramadol hydrochloride and their statistical evaluation after oral
administration of capsules filled with coated pellets, 100 mg (TC) and Tramal Retard® tablets, 100 mg (TR) in

rabbits (n = 8).

Parameter (unit) TC TR TC vs. TR

e () 0.75 (0.25 - 1.00) 0.50 (0.08 — 1.00) NS

t (h) 30 (24 - 30) 8 (4-24) IS
p=0.0277

AUMC,.. 22533.11 * 14596.89 5158.99 £ 3461.08 IS
(ng h*/mL) p=0.0183

k., (h™) .06 £ 0.02 0.19£0.12 IS
p=0.0148

Cl/F (mL/min) 1003.99 £ 655.65 1854.62 + 684.45 IS
p =0.0076

MRT (h) 1832 £ 11.18 4.79 £2.39 IS
p =0.0268

t1oer () 14.96 £ 8.12 5.12+£2.63 IS
p =0.0493

MAT (h) 14.63 £11.48 1.86 £ 1.59 IS
p=0.0016

k,(h") 0.09 £ 0.06 0.81 £0.47 IS
p=0.0016

tia () 10.14 £ 7.96 1.29 £ 1.10 IS
p=0.0016

F (%) 26.95 £ 8.07 24.68 £ 15.68 NS

RB (%) 109.19

Data are presented as the mean + SD or median (range) (t,,,, and t,). Statistical analysis of the data was per-
formed using the paired 7-test or Wilcoxon test (t,,, and t, ). Abbreviations: IS — statistically significant dif-
ference (p < 0.05), NS — statistically non-significant difference (p > 0.05), t,,,, — time to reach maximum plas-
ma concentration, t,,, — time of the last observed concentration, — area under the first moment curve from zero
to infinity, k,,— elimination rate constant, CI/F— total body clearance, MRT — mean residence time, t,;,,— elim-
ination half-life, MAT — mean absorption time, k,— absorption rate constant, t,,,, — absorption half-life, F —

absolute bioavailability, RB — relative bioavailability.

TH indicates prolonged absorption and elimination
processes, when the drug is given in controlled-
release capsules filled with coated pellets.

The mean absolute bioavailability of TH after
TC and TR administration was 26.95 + 8.07% and
24.68 £ 15.68%, respectively. Such a small value
could be caused by a higher metabolism of TH in
rabbits compared to the humans. For financial rea-
sons, the active metabolites of TH were not deter-
mined, which is a true limitation of our study. It has
been confirmed that controlled release of the drug in
the stomach does not always contribute to its
increased bioavailability. Moreover, biological
availability of TH in animals after administration of
SR tablets is usually lower than after IR tablets (13).
Systemic bioavailability of TH reported by Giorgi et
al. (24, 25) after oral administration of SR tablets at
a dose of 100 mg was only 11% in dogs (24) and
10.5% in horses (25) (SR tablet, dose of 5 mg/kg).

Similar results were observed in goats (26) (F
30%) and horses (27) (F = 3%) administered
mg/kg orally; meanwhile, horses treated with
mg/kg immediate release capsules (25) had
bioavailability of 64%. In humans, TH bioavailabil-
ity is 70% after a single oral administration, which is
similar to e.g., 65% in dogs (28) but is lower than
93% in cats (29). Sustained-release tablets have a
bioavailability of 87-95% compared to the capsules
(13). In our study, the relative bioavailability (RB,
%) of controlled-release capsules filled with coated
pellets with reference to TR tablets was 109.19%.

[ I S

CONCLUSION

Both TR formulations have a similar in vitro
release profile and led to an equivalent systemic
exposure to the drug. However, prolonged absorp-
tion and elimination processes of TH, which have
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been achieved in rabbits after administration of con-
trolled-release capsules filled with coated pellets,
might suggest that the new formulation could be
expected to have a more prolonged analgesic effect
in humans than the commercial sustained release
tablets. It can be concluded that our new form of TH
may be an alternative to the other controlled-release
preparations.
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Abstract: An increasing resistance of Helicobacter pylori (H. pylori) to antimicrobial agents leads to the need
of regional monitoring of the prevalence resistant strains (according to the Maastricht/Florence consensus
report, 2012). The aim of the study was to assess the resistance to levofloxacin of H. pylori strains isolated from
adult patients of Mafopolska region in Poland. Bioptates taken from gastric mucosa during gastroscopy consti-
tuted the material for the study. Two hundred ten H. pylori strains were isolated from 811 patients. A majority
of strains (171) came from patients before the treatment of H. pylori infections while the remaining 39 strains
were isolated from patients after the failed therapy. Susceptibility of H. pylori to levofloxacin was determined
by strips impregnated with antibiotic gradient (E-test, bioMerieux). The obtained minimum inhibitory concen-
tration (MIC) values ranged from 0.002 mg/L to 32 mg/L. The percentage of strains resistant to levofloxacin
amounted to 8.10% (17/210). Among the group of strains isolated from patients before the treatment, 5.85%
(10/171) of H. pylori strains were resistant to levofloxacin. In the group of strains isolated from patients after
the treatment 17.95% (7/39) of strains were resistant. The difference in the frequency of H. pylori strains resist-
ant to levofloxacin in patients before and after the treatment of the infection due to H. pylori was statistically
significant (p = 0.0297). The low percentage of H. pylori strains resistant to levofloxacin justify that the intro-
duction of a triple therapy with levofloxacin is a good alternative in the treatment of H. pylori infections, espe-
cially in regions with high prevalence of H. pylori strains resistant to clarithromycin (> 20%).

Keywords: Helicobacter pylori, drug-resistance, levofloxacin

Helicobacter pylori (H. pylori) is one of the
most common human pathogens that affected about
50% of the human population (1). H. pylori is a
Gram-negative, microaerophilic, spiral bacterium
that permanently or temporarily inhabits various
parts of the gastric mucosa. H. pylori is the main
pathogenic factor of gastroduodenal diseases: gastri-
tis B, gastric ulcer, duodenal ulcer, gastric cancer,
gastric lymphoma MALT (Mucosa Associated
Lymphoid Tissue) and Ménétrier’s disease.
Moreover, various studies reveal a relation of H.
pylori to the development of coronary heart disease,
stomatitis, liver diseases (hepatic encephalopathy,
neoplasms), skin diseases and allergy (2—12).

Eradication of H. pylori is recommended at
every stage of the disease (3). Introduction of the
effective therapy guarantees eradication of the infec-
tion, which results in the relief and often in the
regression of disorder changes that otherwise might
lead to gastric cancer, which develops in 2% of indi-
viduals infected with H. pylori (5, 13, 14).

Indications for the treatment and guidelines for
clinical trials are elaborated by the European
Helicobacter Study Group (EHSG) (1, 15). On the
basis of these recommendations, the Working Group
of the Polish Society of Gastroenterology (PTG — pl.
Polskie Towarzystwo Gastroenterologiczne) has
issued guidelines that are obligatory in Poland.

* Corresponding author: e-mail: ekarczew@wp.pl; phone: +48 126205750; fax: +48 126205758
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Current obligatory recommendations in Poland were
established by PTG in 2008 (5) on the basis of
Maastricht Consensus 2005 by EHSG. Now, there
are no new recommendations based on the newest
Maastricht/Florence Consensus 2012. According to
all these recommendations, the treatment of H.
pylori infection is a combined empirical therapy
including three types of drugs: gastric antisecretory
drugs, cytoprotective drugs and antimicrobial
agents.

Current regimens of the treatment of H. pylori
infections in Poland (2008) are shown in Table 1
and new recommendations in Europe (2012) are
shown in Table 2. The difference between these rec-
ommendations are as follows:

— variability of the treatment of H. pylori infec-

tions in regions with low (<20%) and high

(>20%) prevalence of H. pylori strains resistant

to clarithromycin; Maastricht/Florence IV con-

sensus report recommended to abandon clar-
ithromycin in treatment H. pylori infections or
perform previous susceptibility testing to cla-

Table 1. Treatment of H. pylori infections (5)

ELZBIETA KARCZEWSKA et al.

rithromycin in regions with high prevalence of

H. pylori strains resistant to clarithromycin.

— 2" line treatment schemes contain levo-

floxacin, whereas in the older version levo-

floxacin was only a proposal in the 3 line
treatment;

— in Maastricht/Florence IV consensus report it

is strongly recommended that the 3" line treat-

ment have to be based on the susceptibility
testing.

According to the new Maastricht/Florence
Consensus 2012, the scheme for the region with the
high prevalence of H. pylori strains resistant to cla-
rithromycin should be introduced in Poland. Recent
studies showed that 34% of strains were resistant to
clarithromycin in Southern Poland (16). According
to PTG data from 2008, the resistance of H. pylori to
antibacterial drugs used in the therapy is high in
Poland and amounts to 28% to clarithromycin (pri-
mary resistance 22%, secondary resistance 54%)
and 46% to metronidazole (primary resistance 41%,
secondary resistance 68%) (5). H. pylori strains

The first-line treatment (one of the following):

PPI, AC (1000 mg), MZ (500 mg) — twice a day, 10-14 days.

PPI, CH (500 mg), MZ (500 mg) — twice a day, 10-14 days.

PPI, AC (500 mg), CH(500 mg) — twice a day, 10-14 days.

The second-line treatment (one of the following):

PPI, AC(1000 mg), MZ (500 mg) — twice a day, and TC (250 mg) — three times daily; prolonged to 14 days.

PPI, AC (1000 mg), MZ (500 mg) — twice a day, and bismuth salts (120 mg) — four times daily; prolonged to 14
days.

The third-line treatment:

Evaluation of the susceptibility of the strains to the currently used antimicrobial agents.

Possible introduction of levofloxacin.

Adding a probiotic.

PPI — proton pomp inhibitor; CH — clarithromycin; AC — amoxicillin; MZ — metronidazole, TC — tetracycline

Table 2. Schemes of the treatment of H. pylori infections according to the new guidelines — Maastricht/Florence Consensus 2012.

Prevalence of H. pylori strains resistant to clarithromycin

Low (< 20%) High (> 20%)

1* line treatment PPI + CH + AC/MZ or Quadruple bismuth therapy or — if not available

Quadruple bismuth therapy sequential or concomitant non-bismuth therapy

2™ line treatment Quadruple bismuth therapy or PPI+ LE + AC

PPI + LE + AC

3 line treatment Based on susceptibility testing only

PPI — proton pomp inhibitor; CH — clarithromycin; AC — amoxicillin; MZ — metronidazole, LE — levofloxacin
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resistant to amoxicillin have not been found in
Poland (5, 17). As a result of the frequent adminis-
tration of clarithromycin and metronidazole in the
treatment of infections due to H. pylori, bacterial
strains simultaneously resistant to both drugs can be
found (17-19). An increasing resistance of H. pylori
bacteria as well as their multi-drug resistance to rou-
tinely used antimicrobial agents is a serious thera-
peutic problem.

Current recommendation of PTG is to consider
the introduction of the scheme: levofloxacin +
amoxicillin with PPI as a 3" line empirical treat-
ment, whereas EHSG recommended this scheme as
a 2" line treatment.

Levofloxacin (S-enantiomer of ofloxacin) is a
chemotherapeutic agent of the 3" generation fluoro-
quinolones with a broad-spectrum activity. The
development of the resistance of H. pylori strains to
fluoroquinolones is a result of point mutations
occurring mainly at positions 87 and 91 of gyrA
gene that encodes gyrase, a binding site for
quinolones in Gram-negative bacteria (20).

The introduction of levofloxacin to the treat-
ment schemes raises many hopes. Many studies
have shown the high efficiacy of treatment schemes
with levofloxacin (21-24).

The lack of data on the susceptibility of H.
pylori strains isolated in Poland to levofloxacin con-
stituted a base for performing the research to assess
the level of the susceptibility to levofloxacin of H.
pylori strains isolated from dyspeptic patients
between the years 2006-2012.

MATERIALS AND METHODS

Patients and clinical material

In total, 811 dyspeptic patients (429 women,
382 men), with indications to gastroscopy, were
enrolled to the study between 2006-2012. Medium
age of patients was 45 years (16-87 years). Patients
underwent gastroscopy in selected Gastroenterology
Clinic in Krakéw, Southern Poland. According to
the clinical diagnosis, there were two main groups of
patients: First group covered individuals with peptic
ulcer disease (PUD), means patients with gastric or
duodenal ulceration, and second group covered indi-
viduals with non-ulcer dyspepsia (NUD) means
patients with diseases of upper gastrointestinal tract
other than peptic ulcer disease, e.g., gastritis, duo-
denitis, esophagitis.

Two bioptates were taken from each patient
during gastroscopy from the antrum and the body of
the stomach. In total, 210 H. pylori strains were iso-
lated from bioptates. These H. pylori strains were

obtained from 210 patients (115 women, 95 men),
including 51 patients with PUD and 159 patients
with NUD. Eighty one percent of these H. pylori
strains (171/210) were isolated from patients before
the treatment of H. pylori infections, while 19%
(39/210) strains were derived from patients after the
failed therapy.

The plan of the study was approved by the
Bioethical Commission of the Jagiellonian
University and each patient signed the informed
consent for participation in the trial.

H. pylori culture and susceptibility testing

Bacterial culture. Bioptates were homoge-
nized in glass sterile mortars and inoculated onto the
solid medium — Schaedler agar with 5% sheep blood
(bioMérieux, France) and medium, Schaedler agar
with 5% sheep blood with selective supplement
DENT (Oxoid, UK). The culture was carried out for
72 h under microaerophilic conditions at 37°C. The
presence of H. pylori in the examined material was
confirmed by the macroscopic appearance of
colonies on the medium, the Gram-stained prepara-
tion from the culture (Gram-negative, s-shaped bac-
teria) and positive tests for urease, catalase and oxi-
dase. Each H. pylori strain was frozen and stored at
—80°C for further analysis.

Susceptibility testing. H. pylori drug-suscepti-
bility to levofloxacin was quantitatively tested by
strips impregnated with antibiotic gradient (E-test,
bioMérieux, France), which enables the determina-
tion of the minimum inhibitory concentration
(MIC). The testing was carried out as follows: the
suspension of bacteria in 0.85% NaCl sterile solu-
tion was prepared from the culture of H. pylori. The
density of the suspension amounted to 3.0
McFarland. The suspension was inoculated onto the
Schaedler agar with 5% sheep blood. After that,
strips impregnated with levofloxacin gradient (E-
test) were affixed according to the manual. The
plates were incubated under microaerophilic condi-
tions at 37°C for 72 h. The strains in which the MIC
value exceeded 1 pg/mL were considered resistant,
according to the EUCAST recommendations (25,
26). The determination was carried out against the
reference H. pylori ATCC 43504 strain to ensure the
quality of tests.

Susceptibility testing to levofloxacin for H.
pylori strains collected between 2006-2010 was car-
ried out after defrosting and performing the culture
of the strains, due to the unavailability of E-test with
levofloxacin since 2010, whereas susceptibility test-
ing to levofloxacin for H. pylori strains, which were
collected between 2010-2012, was carried out
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immediately, together with a determination of sus-
ceptibility to other antibiotics.

Susceptibility of H. pylori strains to other
antibiotics/chemotherapeutics was tested according
to described procedures.

Interpretations of MIC values for all described
strains to all tested antimicrobial agents were made
according to EUCAST Clinical Breakpoint Table
for H. pylori (26).

Statistical analysis

The following statistical parameters were cal-
culated: mean values, probability, > test at the 0.05
significance level (the results in which p < 0.05 were
considered statistically significant). In cases where
the expected values were less than 5, the Yates cor-
rection was used.

RESULTS

In total, 811 patients with dyspeptic symptoms
were enrolled in the study. The presence of H. pylori
infection was confirmed in 210 cases: 115 women and
95 men, which shows that both ganders were equally
represented. The average age of patients was 45 years.

Two hundred ten strains from 210 dyspeptic
patients were included in the study. In total, 81%
(171/210) strains were derived from patients before
the treatment of H. pylori infection and 19%
(39/210) were derived from patients after the unsuc-
cessful treatment of H. pylori infections.

The susceptibility of H. pylori strains to levo-
floxacin was quantitatively determined by the E-
test. The obtained MIC values ranged from 0.002
mg/L to 32 mg/L. The mean MIC values amounted
to 1.01 mg/L (Figure 1).

In total, the ratio of H. pylori strains resistant to
levofloxacin amounted to 8.10% (17/210), whereas
the percentage of strains susceptible to levofloxacin
amounted to 91.90% (193/210). The probability of
the incidence of resistance to levofloxacin among H.
pylori strains isolated from patients who were
included into the trial was low and amounted to
P(A) = 0.081.

In the group of 17 resistant to levofloxacin H.
pylori strains, there were more strains isolated from
women than from men (11 and 6; respectively).

Among the group of H. pylori strains isolated
from patients before the treatment, 5.85% (10/171)
of H. pylori strains were resistant to levofloxacin,

25.00% (]

20.00%-

15.00%7

% of strains

10.00%7

5.00%7

0.00%

0.002 0.008 0.016 0.023 0.032 0.047 0.064 0.094 0.125 0.19 025 075 1 15 2 3 4 6 12 3

MIC values [mg/L]

O Susceptible strains M Resistant strains

Figure 1. Activity of levofloxacin against H. pylori strains expressed by MIC values; MIC > 1 mg/L for resistant strains

Table 3. Comparison of H. pylori resistant strains isolated from patients before treatment and after failed therapy to levofloxacin (LE) out

of 210 clinical H. pylori isolates.

No. (%) of resistant strains
Antimicrobial . Strains from patients Strains from patients
All strains .
agent n=210 before treatment after failed therapy p¥
n=171 n=39
LE 17 (8.10%) 10 (5.85%) 7 (17.95%) 0.0297%*

* p (test y* with Yates correction; the value p = 0.05 was deemed statistically significant;
** significant differences between H. pylori strains resistant to levofloxacin from patients before and after treatment
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Table 4. Co-existence of H. pylori strains resistant to levofloxacin and other antibiotics.

H. pylori resistant to: No. of resistant H. pylori strains
LE 6
LE + CH 1
LE + MZ 2
LE + CH+MZ
All 17

LE — levotloxacin, CH — clarithromycin, MZ — metronidazole

whereas in the group of strains isolated from
patients after the treatment 17.95% (7/39) of strains
were resistant to this quinolone. The statistical
analysis was performed in order to check if differ-
ences between percentages of H. pylori strains
resistant to levofloxacin from patients before and
after the treatment were significant and this was the
case (p = 0.0297) (Table 3).

Moreover, the analysis of the coexistence of
resistance to levofloxacin and other antibiotics was
conducted. Six from 17 strains were only resistant
to levofloxacin and no other antibiotics. Eleven
strains were resistant to more than one antibiotic
(Table 4).

DISCUSSION

An increasing resistance of H. pylori strains to
currently used antibiotics and chemotherapeutics is
a serious therapeutic problem. A properly selected
treatment model is very important as it enables H.
pylori eradication, decreases the risk of drug-resist-
ant strains occurrence and increases the probability
of the successful therapy. Considering the high
resistance of H. pylori strains to clarithromycin in
Poland, according to  Maastricht/Florence
Consensus, levofloxacin should be introduced into
the basic therapeutic schemes, as most of H. pylori
strains are susceptible to this fluoroquinolone (1).
An introduction of levofloxacin to the treatment reg-
imens provides new possibilities to achieve effective
H. pylori eradication.

The results of the study confirmed that sub-
stantial majority (91.90%) of isolated H. pylori
strains are in vitro susceptible to levofloxacin.
Furthermore, the low probability of incidence of H.
pylori resistance to levofloxacin (P(A) = 0.081) was
demonstrated. The results revealed that in the
Matopolska region (Southern Poland) the resistance
of H. pylori to levofloxacin is low and rather rare
(8.10%). Therefore, an introduction of this fluoro-

quinolone to the therapy of H. pylori infections may
raise the rate of H. pylori eradication. Nevertheless,
it is worth seeing that in the group of patients after
the failed therapy, the percentage of resistant strains
is statistically higher than in the group of patients
before the treatment (17.95% vs. 5.85%; p =
0.0297), however, it is still lower than the resistance
to clarithromycin and metronidazole. In this respect,
an introduction of levofloxacin to the 2™ line thera-
py seems to be a good solution. Moreover, it has
been demonstrated that most H. pylori strains resist-
ant to clarithromycin and metronidazole retain their
susceptibility to levofloxacin (27, 28). Nonetheless,
as shown Table 4, our study revealed the occurrence
of H. pylori strains resistant to levofloxacin and cla-
rithromycin or metronidazole or both these drugs.
Therefore, it should be stressed the necessity of
monitoring the resistance of H. pylori strains.

It should be underlined that the percentage of
strains resistant to fluoroquinolones differs depend-
ing on the geographic region. It ranges from 5.3% in
Iran (29), 14.3% in Japan, 16.8% in Belgium (25),
17.0% in Brazil to 22.1% in Germany (30).

The study performed by Zullo et al., in Italy in
2007 on 246 H. pylori strains isolated from dyspep-
tic patients showed that 19.1% of strains were resist-
ant to levofloxacin (30). The study demonstrated an
increase of the resistance to levofloxacin in that
region, as Gatta et al., had reported the ratio of 14%
of H. pylori strains resistant to levofloxacin earlier
(in 2005) (24). The resistance increases also in other
countries, e.g., in France it rose from 3.3% in 1999
to 17.5% in 2003 (25). The problem of an increasing
resistance of H. pylori to quinolines is an effect of
their frequent use in the treatment of many diseases,
for instance those affecting airways or the urinary
tract (31-33).

Results of many clinical trials have confirmed
the effectiveness of levofloxacin in the therapy (27,
28, 34-36). Levofloxacin may constitute a good
alternative in the case of double resistance of H.
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pylori strains to clarithromycin and metronidazole as
these strains retain susceptibility to levofloxacin
(23,27, 37).

Gatta et al. showed that the administration of
levofloxacin with amoxicillin and PPI for 10 days
as a third-line therapy affects the curability in over
80% (24). Gispert et al. obtained H. pylori eradi-
cation in 60-66% using the same therapeutic
scheme, whereas Zullo reported eradication of
83% (38, 39).

In Spain, side effects and the effectiveness of
the treatment of H. pylori infections were examined
by using levofloxacin combined with amoxicillin
and PPI as the first-line therapy. The study was car-
ried out in comparison to the control group where
PPI, clarithromycin and amoxicillin were adminis-
tered. It was shown that the tolerance to levofloxacin
was good. However, in the trial group, H. pylori
eradication was lower as compared to the control
group (71.8 and 75.5%, respectively) (40).

Nista et al. compared the effectiveness of H.
pylori treatment between the following regimens:

— group 1: PPIL clarithromycin (500 mg),

amoxicillin (1 mg),

— group 2: PPIL clarithromycin (500 mg),

metronidazole (500 mg),

— group 3: PPI, clarithromycin (500 mg), levo-

floxacin (500 mg).

The rate of H. pylori eradication in these
groups amounted to 75, 72 and 87%, respectively.
Thus, the use of levofloxacin combined with PPI
and clarithromycin gave better results than typical
first-line therapeutic schemes (21).

The use of levofloxacin provides new treat-
ment opportunities as the drug shows good tolerance
and gives good therapeutic effects. Levofloxacin
can be used as an alternative to amoxicillin in indi-
viduals sensitive to penicillins (34). Moreover, levo-
floxacin gives a higher curability rate in comparison
to other therapeutic schemes, such as the standard 2™
line therapy — the quadruple therapy containing bis-
muth salts (41). The administration of a lev-
ofloxacin-based triple therapy for 10 days is more
effective than the quadruple therapy containing bis-
muth salts used for 7 days (32).

CONCLUSION

The introduction of the 2™ line levofloxacin-
based triple therapy is a good alternative in the
treatment of H. pylori infections, especially in
regions with high prevalence of H. pylori strains
resistant to  clarithromycin, like Poland.
Nevertheless, a need for the local national resistance

monitoring of H. pylori resistant strains should be
stressed, because of the possibility of acquiring fast
resistance to levofloxacin.

Moreover, it should be considered if triple ther-
apy with levofloxacin will be better solution of 1*
line treatment in region with high prevalence of H.
pylori strains resistant to clarithromycin and
unavailability of bismuth, instead of quadruple non-
bismuth therapy that consists clarithromycin.
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REDUCTION OF ANTI-OSTEOPOROTIC EFFICACY OF ALENDRONATE
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Abstract: Clinical studies indicate that proton pump inhibitors (PPIs), used long-term in elderly patients,
increase the risk of osteoporotic fractures, and decrease the anti-fracture efficacy of alendronate. The aim of the
present study was to examine the effect of physical exercise on the anti-osteoporotic efficacy of alendronate
administered concurrently with lansoprazole, a PPI, in male rats with androgen deficiency induced by orchidec-
tomy. Male Wistar rats at 3 months of age were divided into: sham-operated control rats, orchidectomized
(ORX) control rats, ORX rats receiving alendronate, ORX rats receiving alendronate and lansoprazole, ORX
rats receiving alendronate and subjected to exercise, and ORX rats receiving alendronate and lansoprazole and
subjected to exercise. The orchidectomy or sham-operation was performed 7-8 days before the start of drug
administration. The rats were subjected to the exercise on the treadmill 1 hour/day for 7 weeks (6 days a week).
Alendronate sodium (3 mg/kg p.o.) and lansoprazole (4 mg/kg p.o.) were administered once daily for 7 weeks
(6 days a week). Mechanical properties of the tibial metaphysis and femoral neck were assessed. Bone turnover
markers, histomorphometric parameters, bone mass and mass of bone mineral were also studied. Lansoprazole
weakened the anti-osteoporotic efficacy of alendronate. The exercise increased the alendronate effect. Similar
changes were observed in the rats treated with lansoprazole and alendronate, subjected to exercise; no deleteri-
ous effects of lansoprazole were observed.

In conclusion, the exercise prevented the lansoprazole-induced reduction the anti-osteoporotic efficacy of alen-

dronate in orchidectomized rats.

Keywords: bone mechanical properties, exercise, alendronate, lansoprazole, orchidectomized rats

Osteoporosis in elderely men is an important
although neglected health problem (1-3). It occurs
less frequently than in women, and some 5-10 years
later, too (4). However, at present, it is considered
one of the main causes of morbidity and mortality in
elderly men (2, 5). It is assumed that among the total
incidence of fractures of the spine, hip, and forearm,
some 42, 30, and 20%, respectively, occur in men,
while the mortality connected with such fractures is
definitely higher than in women (3, 6-8). Moreover,
the number of osteoporotic fractures in men increas-
es quickly, which is connected with increasing life
expectancy (1, 3). Despite that, presently, less infor-
mation is available about the efficacy of anti-frac-
ture therapy for men, in comparison with women (1,
5), and all the data hitherto provided are based upon
the results of bone mineral density (BMD) examina-
tions (9).

In the anti-fracture therapy for men, the first-
line drugs are bisphosphonates. Standard therapy is
based upon oral administration of alendronate or
risedronate (9—13). Bisphosphonates are strong anti-
resorptive drugs. They prevent the loss of BMD and
reduce the risk of fracture, by direct inhibition of
osteoclast activity (11, 14). The optimum treatment
time with bisphosphonates in men has not been stud-
ied, though. However, from the studies performed
on women it can be gathered that in most cases bis-
phosphonates should be administered to men for a
minimum of 5 years, and — in case no substantial
improvement of BMD occurs — for 2 more years
(10). Long term application of bisphosphonates
increases the risk of undesired effects, including
osteonecrosis of the jaw, hypocalcemia, atrial fibril-
lation, musculoskeletal pain, as well as atypical frac-
tures of the femur. Long term therapy with the use

* Corresponding author: e-mail: ucegiela@o2.pl, phone/fax: 48 32 3641540



486 URSZULA CEGIEELA et al.

of bisphosphonates also aggravates alimentary tract
disorders, including gastroesophageal reflux and
esophagitis, which may lead to the development of
esophageal squamous cell carcinoma (10, 14).

Alimentary tract disorders occurring during
therapy with bisphosphonates require simultaneous
application of drugs that reduce the hydrochloric
acid production, e.g., proton pump inhibitors (PPIs).
PPIs are commonly used in case of elderly patients,
in the treatment of esophagus reflux. There are data
indicating that PPIs applied for a long time in post-
menopausal women increase the risk of osteoporot-
ic fractures (15, 16), and increased risk of fracture
during PPI therapy may be greater in women than in
men (17). Also, results of studies have been pub-
lished, which indicate that PPIs administered to
patients with osteoporosis reduce the anti-resorptive
efficacy of alendronate and increase the risk of hip
fractures (18, 19). Moreover, our earlier studies
demonstrated that PPIs reduced the anti-resorptive
activity and anti-osteoporotic efficacy of alen-
dronate also in experimental studies conducted on
rats with estrogen deficiency (model of post-
menopausal osteoporosis) (20, 21).

On the basis of data provided above we
assumed that lansoprazole, being a strong inhibitor
of PPI (22), may reduce the anti-osteoporotic effica-
cy of alendronate also in male rats with experimen-
tal osteoporosis induced by orchidectomy. On the
basis of reports indicating that exercise reduced the
risk of fractures in women after menopause (23-25)
as well as in elderly men [26], we examined whether
physical exercise is capable of counteracting possi-
ble reduction of anti-osteoporotic efficacy of alen-
dronate, induced by lansoprazole, in orchidec-
tomized rats.

EXPERIMENTAL

Male Wistar rats at 3 months age (Center of
Experimental Medicine, Medical University of
Silesia, Katowice) were used in these studies. The
initial rat body mass was 260-280 g. The rats were
fed a standard laboratory diet (Labofeed B) ad libi-
tum and were allowed free access to water. All pro-
cedures of the experiments on animals were
approved by the Ethical Commission, Katowice,
Poland.

Orchidectomy and sham-operation were per-
formed in general anesthesia induced by intraperi-
toneal injections of ketamine — Bioketan
(Vetoquinol Biowet) and xylazine — Xylapan
(Vetoquinol Biowet). After 7-8 days, the rats were
divided into six groups (n = 8): sham-operated

(Sham) control rats, orchidectomized (ORX) con-
trol rats, ORX rats receiving alendronate, ORX rats
receiving alendronate and lansoprazole, ORX rats
receiving alendronate and subjected to exercise,
ORX rats receiving alendronate and lansoprazole
and subjected to exercise. The animals were
weighed every second day. Lansoprazole (Lanzul,
Inter Pharma) and alendronate sodium, substance
(Polpharma S.A.) were used in the study.
Alendronate (3 mg/kg) and lansoprazole (4 mg/kg)
were administered by a gastric tube (p.o.) once
daily, for 7 weeks (6 days a week), at a volume of
2 mL/kg p.o. Alendronate was administered in the
morning hours, lansoprazole 2 h after the adminis-
tration of alendronate. The control rats were
administered the vehicle (distilled water) in the
same volume of 2 mL/kg p.o. daily. Moreover, all
rats were given intraperitoneal injection of 20
mg/kg of tetracycline hydrochloride (Sigma-
Aldrich), to mark the calcification front (27), one
day before the start of drug or exercise or vehicle
administration and one day before sacrifice, in
order to determine the periosteal and endosteal
transverse growth.

On the day following the last administration of
drugs, after 24-h fasting, the animals were killed by
cardiac exsanguination, under full ketamine and
xylazine anesthesia. The adrenal gland and bones:
the left and right tibia and right femur were isolated
from the sacrificed animals. Immediately after isola-
tion, the left tibia and adrenal gland were weighed
(with the accuracy of 0.1 mg). The left tibia and
right femur were wrapped in gauze soaked in 0.9%
NaCl solution and kept in the temperature of —20°C
until the mechanical tests were performed on thawed
bones.

Exercise training

The exercise training was performed on a tape
treadmill for rats (model BTP-10, Porfex, Biatystok,
Poland). The apparatus consisted of a 10-lane ani-
mal exerciser. The dimensions of each exercise lane
are 37 x 13 x 8 cm. The animals were placed on a
belt facing away from the electrified grid (2 mA
intensity). Exercise sessions were always performed
between 9 and 11 a.m., started in 7-8 days after the
orchidectomy or sham-operation performed. The
exercise consisted of a 7-week running, 6 days per
week for 60 min. The time was gradually increased
in the four first days (by 15 min daily) until 60 min
a day was reached, and kept until the end of the
training. The velocity was 25 m/min. The treadmill
inclination was kept at 7°C uphill during the entire
training.
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Studies of bone mechanical properties

Mechanical properties of the left tibial metaph-
ysis and the neck of the right femur were assessed
using the Instron 3342 500N apparatus with Bluehill
2 software, version 2.14. Mechanical properties of
the left tibial metaphysis were studied using bending
tests with three-point loading, as previously
described (28-30). The load was applied perpendic-
ularly to the proximal tibial metaphysis. The dis-
placement rate was 0.01 mm/s. The load displace-
ment curves, representing the relationships between
load applied to the bone and displacement in
response to the load, were analyzed. Maximum load
and displacement, energy, and stress for the maxi-
mum load, as well as fracture load and displace-
ment, energy, and stress for the fracture load were
all assessed. Young’s modulus was also determined.
The moment of inertia in the cross-section, neces-
sary for the calculations of the intrinsic bone
mechanical parameters, was also determined, as pre-
viously described (31). Mechanical properties of the
femoral neck were studied using a compression test.
The maximum load (load causing the fracture of the
femoral neck) was determined, as previously
described (30, 31).

Bone histomorphometric studies

Bone histomorphometric parameters were
assessed on histological specimens, prepared as
previously described (32, 33). Histomorphometric
measurements were made using an Optiphot-2
microscope (Nikon), connected through an RGB
camera (Cohu) to a computer, using Lucia G 4.51
software (Laboratory Imaging), with final magnifi-
cations of 200 and 500 times, or using
Osteomeasure software (magnification 70 times).
The width of trabeculae in the distal epiphysis and
metaphysis was measured in the longitudinal
preparation from the femur. The area of the trans-
verse cross-section of the cortical bone and the area
of the transverse cross-section of the marrow cavi-
ty were determined in transverse cross-sections
made from the tibial diaphysis. The periosteal and
endosteal transverse growth of the tibia was also
measured.

Bone mineralization studies

The mass of bone mineral (ash) was deter-
mined after mineralization. The bones were miner-
alized at the temperature of 640°C for 48 h in the
muffle furnace, and subsequently weighed. The ratio
of the mass of bone mineral to the bone mass was
also determined as a substitute for bone mineral den-
sity measurements.

Biochemical studies

Serum osteocalcin levels were determined
using an enzyme immunoassay (Rat-MID
Osteocalcin EIA, Immunodiagnostic Systems Ltd.).
Serum levels of type I collagen fragments released
from bone during bone resorption were determined
by an enzyme immunoassay (RatLaps EIA,
Immunodiagnostic Systems Ltd.). Moreover, serum
total cholesterol was assayed colorimetrically, using
a Pointe Scientific reagent set.

Statistical analysis

The results are presented as the arithmetical
means + SEM. Statistical estimation was carried
out on the basis of the analysis of variance. After
confirmation of statistically significant differences
in one-way ANOVA (p < 0.05), further analysis
was carried out by means of Duncan’s post hoc
test. In case of a lack of normality (Shapiro-Wilk’s
test) or of homogeneity of variance (Levene’s test),
nonparametric tests were used: Kruskal-Wallis
ANOVA and Mann-Whitney U test. The results
obtained in each experimental group were com-
pared with those of the sham-operated control rats
and orchidectomized control rats. The results
obtained in rats treated with alendronate and lanso-
prazole, treated with alendronate and subjected to
exercise, as well as treated with alendronate and
lansoprazole and subjected to physical exercise
were compared with those of the animals treated
with alendronate. Moreover, the results obtained in
rats treated with alendronate and lansoprazole and
subjected to physical exercise were compared with
those of the rats treated with alendronate and lan-
soprazole.

RESULTS

Body mass, adrenal mass and serum total
cholesterol level

Androgen deficiency, in the ORX control rats,
caused significant increases in the adrenal mass (by
47.4%) and in the adrenal mass expressed as the
ratio to the body mass (by 39.5%), and insignifi-
cant increases in the serum total cholesterol level
(by 30.1%), in comparison with the sham-operated
rats. There was no effect of androgen deficiency on
the body mass (Table 1). Alendronate did not affect
the adrenal mass or serum cholesterol level, in
comparison with the ORX control rats. Concurrent
treatment with lansoprazole and alendronate led to
a significant decrease in the adrenal mass in com-
parison with the ORX control rats. Exercise signif-
icantly increased the ratio of adrenal mass to body
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Table 1. Body mass, adrenal mass and serum total cholesterol level in orchidectomized rats.
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8). One-way ANOVA followed by Duncan’s test or, when appropriate, Kruskal-Wallis ANOVA followed by Mann-Whitney U test was used for evaluation of the sig-

Results are presented as the mean + SEM (n

nificance of the results. * — Significantly different from sham-operated rats; * —p < 0.05, ** —p < 0.01, *** —p < 0.001. ® — Significantly different from ORX control rats; ®* —p < 0.05, *® —p < 0.01, * — Significantly

different from the rats treated with alendronate; ** — p < 0.001.

mass in rats treated with alendronate or alendronate
and lansoprazole in relation to all other groups
(Table 1).

Mass and mineral mass of the tibia

Androgen deficiency in the ORX control rats
significantly reduced (by 6.7%) the mass of the tibia
expressed as the ratio to the body mass, in compari-
son with the sham-operated rats. There was no sig-
nificant effect of androgen deficiency on the bone
mineral mass (Table 2). Alendronate caused signifi-
cant increases in the mass of the tibia, mineral mass
of the tibia and the ratio of the mineral mass of the
tibia to the bone mass, in comparison with the ORX
control rats. Those effects of alendronate were
weakened by lansoprazole. In rats treated with lan-
soprazole and alendronate concurrently, the ratio of
the mineral mass to the bone mass was increased, in
comparison with the ORX control rats. Exercise did
not affect the alendronate effect, and counteracted
the weakening of the alendronate effect by lansopra-
zole. Significant increases in the bone mass
expressed as the ratio to the body mass and bone
mineral mass in the tibia were observed, in compar-
ison with the rats treated with alendronate and lan-
soprazole (Table 2).

Bone histomorphometric parameters

In ORX control rats, the transverse cross-sec-
tion areas of the cortical bone, of the whole diaph-
ysis and of the marrow cavity, were not signifi-
cantly affected, in comparison with the sham-oper-
ated rats, but there was a significant increase in the
ratio of the transverse cross-section area of the
marrow cavity to the area of the whole diaphysis
(by 6.3%), and a significant decrease in the
periosteal (by 8.3%) and endosteal (by 12.2%)
transverse growth. In the ORX control rats, in com-
parison with the sham-operated rats, the width of
trabeculae in the femoral epiphysis and metaphysis
were significantly decreased, by 8.6 and 5.3%,
respectively (Table 3). Alendronate counteracted
the effect of androgen deficiency, causing signifi-
cant decreases in the ratio of the transverse cross-
section area of the marrow cavity to the area of the
whole diaphysis, and increases in the endosteal
transverse growth and in the width of trabeculae in
the femoral epiphysis and metaphysis, in compari-
son with the ORX control rats. Lansoprazole weak-
ened the effect of alendronate on all histomorpho-
metric parameters studied. Exercise did not affect
the alendronate effect, but counteracted the weak-
ening of the alendronate effect by lansoprazole
(Table 3).



489

Exercise prevented lansoprazole-induced reduction of...

000> d— gqe ‘100> d— 4q ‘6070 >d— 4 SIRI [OJUOD XY WO JUISJJIP APUBIYIUTIS — ¢ "100°0 > d — 45 ‘600 > d — 4 s)vI pojerado-wreys woy JUSIHIP APUBOYIUSIS — 4 "SIMSSI Y} JO OULIIU
-51s oY) Jo uoNEN[EAR J0J PIsn sem 159} () KAWIYA\-UUBIA G PAMO[[0} VAONY SITEA-TesnIy ‘eridordde uaym ‘10 159) s, ueoun( Aq pamo[[oj YAONY Aem-auQ (8 = U) NHS F ueaw ay) st pajuasaid are sjnsay

0ol 90 F THLE 0o ISOF LOLE 810 F 60°9€ oTF0 F 19°9€ #1770 F 6L7E 0S0F 1L°9¢ s1sKYdeRIN | [url] seqnosqex

0eE60F 67 1L 000 T FSHTL oEL°0 F €00L 00T T FELTL #4201 F $6'99 89°0 F €1°TL siskydidg Jouwpim

W8T T LLSE ool L0 F 81°8E LSTF T0°8E WO T FSI6E +88°0 T T6°EE LT1 F79°8€E [e21S0pue | [wm] yimoid

0e£6F F 0€°S0T o71°9 F 90°901 LT FH1°€6 66'S F 876 +81°C F 98'98 191 F LL'Y6 [e9IS0LI0] OSISASUELL,

onel vare sisAyderp/Liaed

+£00°0 F €220 065000 F 6170 2000 F 1€2°0 o00°0 F 9270 +P000 F8ETO | €000FHITO | \omew .S_s%-a.eug h.w\?e 1

80°0 F L8'b 600 F LLY LOOFELY Y00 F 0L 800 F LLY LOOF 88  |sisAyderp ojoym L] vore

T

2007801 P00 F SO 100F 601 00T 901 W00TElT 00T 601 KNABD MOLIEI | UOINORS-SSOID

LO0TF 6LE 900 F €L°€ 900 F ¥9°€ €00 F ¥9°€ L00TF€9E 90°0 T 8LE auoq [ea110) OSIASUBIL
ASTIIAXD —UE.N

: 9SIDIOXS pue o[ozeidosue[ pue syer
ojozeidosue| pue SIUOIPUSLY SIUOIPUSLY QJRUOIPUI[Y [oxnuo)) poresado-wreys

SJRUOIPUI[Y

s1e1 (X0) PAZIWOIOPIYIIQ

*SJRI PAZIWO}0dPIYDIO Ul s1djourered ornowoydiowo)sty suog “¢ 9[qe],

‘100>d- 500> d-— # ‘o[ozeldosue] pue JBUOIPUI[ER YIIM PIJLI) SJBl WOolf
JuaseIp Apuedoyusig — 4°1000> d— gee 1000>d — 44 c0°0 > d — , ‘sT01 ONUOD X YO WO JuaIIp Apueoytudis — , '60'0 > d — 4 ‘s1e1 parerado-weys Woiy ISP APUBIYIUSIS — 4 “SINSL Y} JO OUBOYIU
-31S 9y} JO UonEN[BAD JOJ PIsN sem 153} () KSUIIYA\-UUBJA] AQ PIMO[[0] VAONY SHTEM-[esnIy ‘oreridoidde uoym 10 159 s, ueoun( Aq pamo[[o} VAONY Aem-ouQ (8 = U) INHS F Ueow dy} se pajuasaid a1e sjnsoy

s1ex (X¥0) PIZIWOIOIPIYOI0

* oL80 F EV VY 09T 0 F ST'PY oLEOFOI'VY o0S°0 F 98¢t YTOF €STY 0€°0 F 8¢°¢EY [ssew auoq jo St Q[ /Sw]
OIJEI SSBUW QUOQ/SSBW [BIQUIIA
#it * e0el8'S F8E06T eelEV F96°08C 8S°€ F ¥T°69C «E8'V F 8E'6LT €'y F20°19C 9S'v ¥ 9¢'TLT [Suu] sseur [eroury
# 00e9L'€ F 67861 00e86°€ F 07°00C oSy F S6'181 0e30°C ¥ 86°€61 18T FLYSLI 1€+ ¥S161 [ssew £poq jo 3 o01/Suw]
oner ssew Apoq/ssewr auog

IS°E€T F98°'8Y9 €8 F 0£9¢9 81°6 ¥ 08°019 00°0T ¥ €T°LE9 19°0T F 16'€19 €1°6 F €8'LT9 [Sw] ssew ouog

ISI0IOXd pue
ISIOIOXD pue djozeadosue] pue

djozeidosue] pue 8@8@52 PR 9JeUOIPUI[Y [onuo) syel —

SJRUOIPUI[Y parerado-weys

*SJRI POZIWOOIPIYDIO UL BIQT) SY) JO SSBW [RIQUIW PUB SSBIA “7 9[qBL




490

Table 4. Mechanical properties of the tibial metaphysis (parameters for the fracture point and Young’s modulus) in orchidectomized rats.
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8). One-way ANOVA followed by Duncan’s test or, when appropriate, Kruskal-Wallis ANOVA followed by Mann-Whitney U test was used for evaluation of the sig-

Results are presented as the mean + SEM (n

nificance of the results. * — Significantly different from sham-operated rats; * — p < 0.05, ** — p < 0.01, *** — p < 0.001. ® — Significantly different from ORX control rats; ®* — p < 0.05, *®* —p < 0.01, **®* —p <
0.001. * — Significantly different from the rats treated with alendronate; * — p < 0.01. #_ Significantly different from rats treated with alendronate and lansoprazole; H_ p<0.01, i _ p <0.001.

Mechanical properties of the tibial metaphysis

Androgen deficiency in the ORX control rats
significantly reduced, in comparison with the sham-
operated rats, the maximum load (by 22.6%).
Energy for the maximum load and the intrinsic
mechanical parameters (maximum stress and
Young’s modulus) were insignificantly reduced
(Figure 1, Table 4). The mechanical parameters for
the fracture point were also decreased (fracture load
and energy for the fracture load — significantly), in
comparison with the sham-operated rats (Table 4).
Alendronate significantly improved the mechanical
parameters for the maximum load and the fracture
point, as well Young’s modulus. Lansoprazole
weakened the alendronate effect on the mechanical
properties of tibial metaphysis, significantly
decreasing the maximum load, energy accumulated
for the maximum load and maximum stress, as well
as load, energy and stress for the fracture point, in
relation to the rats treated with alendronate alone.
Exercise intensified the alendronate effect on the
mechanical properties of tibial metaphysis, signifi-
cantly increasing the maximum load (Figure 1) and
fracture load (Table 4) in relation to the rats treated
with alendronate alone. Moreover, implementation
of exercise significantly counteracted weakening of
the alendronate effect by lansoprazole (Figure 1,
Table 4).

Mechanical properties of the femoral neck

Androgen deficiency did not significantly
affect the strength of the femoral neck in the ORX
control rats, in relation to the sham-operated control
rats (Figure 2). Alendronate insignificantly incre-
ased the maximum load sustained by the femoral
neck of the orchidectomized rats. Lansoprazole
weakened the alendronate effect on the maximum
load sustained by the femoral neck. The exercising
rats (both treated with alendronate, and treated with
alendronate and lansoprazole) revealed increased
strength of the femoral neck, in comparison with the
ORX control rats (Figure 2).

Serum biochemical bone turnover markers
Androgen deficiency insignificantly increased
the serum level of the biochemical marker of bone
resorption (RatLaps, by 44.4%) and significantly
increased the marker of bone formation (osteocal-
cin, by 24.0%), in comparison with the sham-oper-
ated controls (Figure 3). Alendronate significantly
decreased the biochemical bone turnover markers,
in comparison with the ORX control rats.
Lansoprazole weakened the alendronate effect on
the biochemical bone turnover markers, significant-
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ly increasing the osteocalcin level in relation to the
rats treated with alendronate alone. The levels of
RatLaps and osteocalcin in exercising rats treated
with alendronate and lansoprazole were similar to
those in rats treated with alendronate alone. The
level of osteocalcin in exercising rats treated with
alendronate and lansoprazole was significantly
increased, in relation to the rats treated with alen-
dronate alone (Figure 3).

DISCUSSION

Orchidectomy in rats is a standard model used
in examination of the influence of androgen defi-
ciency upon the osseous system, reflecting the
changes occurring in men with hypogonadism (34,
35). It causes a reduction of testosterone level in rat
blood serum, by 80-95% (34, 36, 37). Reduction of
mass and weakening of the bone microarchitecture
may be observed as early as four weeks after the
procedure, their intensity depends upon rat age and
the duration of androgen deficiency (38, 39). Due to
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the bone mass dependence on age, orchidectomy is
most often performed in fast growing rats, between
third and twelfth month of life (34, 40-42). In the
model applied in the study, orchidectomy was per-
formed in three-month old rats, and the androgen
deficiency lasted for 8 weeks.

Androgen deficiency increases the rate of bone
turnover, causing loss of cancellous and cortical
bone (34, 43—45). Also in the study reported here,
the blood serum of orchidectomized control rats
revealed increased levels of biochemical markers of
bone turnover. Eight weeks after the procedure of
orchidectomy, the mass and mass of bone mineral in
the tibia were diminished. Those results indicate that
the reduction of trabeculae width induced by andro-
gen deficiency was connected with the increased
resorption of cancellous bone. Bone loss was also
observed in compact bone, which has been demon-
strated through reduced transverse growth of the
cortical bone in tibia diaphysis, from the periosteum
and marrow cavity side. The loss of compact bone
was less profound, and no significant changes of the
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Figure 1. Mechanical properties of the tibial metaphysis (parameters for the maximum load point) in orchidectomized (ORX) rats. Results
are presented as the mean £ SEM (n = 8). Kruskal-Wallis ANOVA followed by Mann-Whitney U test was used for evaluation of the sig-
nificance of the results. * — Significantly different from sham-operated rats; * — p < 0.05, ** — p < 0.01. ® — Significantly different from
ORX control rats; ® — p < 0.05, *® —p < 0.01, **® — p < 0.001. & — Significantly different from the rats treated with alendronate; & — p <
0.05, 3 —p < 0.01. #_ Significantly different from rats treated with alendronate and lansoprazole; #_ p <0.05, H_ p<0.01, A _ p<

0.001
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Figure 3. Serum bone turnover markers in orchidectomized (ORX) rats. Results are presented as the mean £ SEM (n = 8). Kruskal-Wallis
ANOVA followed by Mann-Whitney U test was used for evaluation of the significance of the results. * — Significantly different from sham-
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area of cortical bone or the marrow cavity were
observed. Nevertheless, the ratio of the marrow cav-
ity the whole diaphysis area increased significantly,
indicating a greater increase of resorption in the cor-
tical bone. Those changes led to significant deterio-
ration of mechanical properties in the spongy bone
of tibia metaphysis, but not that of the femoral neck.
Susceptibility to fracture of femoral neck is related
mainly with the reduction of thickness of the corti-
cal layer (46, 47). Thus, the absence of significant
influence of androgen deficiency upon mechanical

properties of femoral neck may be due to the lower
reduction of compact bone layer. The latter has been
confirmed by the study performed by Shuid et al.
(34), who also failed to find a significant influence
of androgen deficiency upon the mechanical proper-
ties of compact bone in femoral shaft in rats.
Preventive activity of alendronate has been
examined at the dose efficient in preventing the conse-
quences of estrogen deficiency upon the osseous sys-
tem in ovariectomized rats (20, 21, 48). Alendronate is
a potent antiresorptive nitrogen-containing bisphos-
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phonate. It inhibits the mevalonate pathway in osteo-
clasts, by inhibiting farnesyl pyrophosphate synthase.
This leads to a decrease of the formation of isoprenoid
lipids, such as farnesyl pyrophosphate and geranylger-
anyl pyrophosphate, required for the post-translational
prenylation of proteins. The lack of geranylgeranyl
pyrophosphate in osteoclasts is responsible for inhibit-
ing activity and induction of osteoclast death by apop-
tosis (49). In the study reported here, the anti-resorptive
activity of alendronate was reflected in the reduced
level of a biochemical marker of bone resorption.
Alendronate occurred to prevent the orchidectomy-
induced, reduction of trabeculae width in cancellous
bone, what is more, it also inhibited the influence of
androgen deficiency upon the growth of compact bone,
counteracting bone mass loss and reduction of mechan-
ical strength of the tibia metaphysis and femoral neck
in orchidectomized rats.

As we assumed, the activity of alendronate was
significantly reduced by the lansoprazole, which
was applied in a dose lower than the effective dose
enabling protection against gastric ulcers induced by
acidified ethanol and indomethacin in rats (22).
Lansoprazole administered in orchidectomized rats
together with alendronate weakened the preventive
activity of alendronate upon the examined parame-
ters in compact and cancellous bone, reducing its
anti-osteoporotic efficacy. Lansoprazole abolished
the beneficial influence of alendronate upon all the
examined mechanical parameters of tibia metaph-
ysis, and weakened its influence upon the strength
of femoral neck. A similar effect has been observed
after the administration of omeprazole or pantopra-
zole to ovariectomized rats (20, 21). The mechanism
mediating the attenuation of anti-osteoporotic effi-
cacy of alendronate by PPIs has not been recog-
nized. Earlier reports suggested that increased risk
of fracture after the application of PPIs may be con-
nected with inhibition of calcium absorption from
intestines (50), later reports — however — did not
confirm the influence of PPIs upon calcium absorp-
tion (51, 52). It seems that also interaction between
PPIs and alendronate at the absorption stage may be
excluded, since ranitidine, another drug that reduces
the secretion of hydrochloric acid, enhanced the bio-
availability of alendronate (53). The latest in vitro
studies demonstrated that omeprazole decreases the
activation of osteoclasts and increases the activation
of osteoblasts, which may induce a state resembling
osteopetrorickets [54]. Also the studies of the skele-
tal phenotype in HT/K*-ATPase B-subunit knock-
out female mice revealed increased OPG/RANKL
ratio and PTH, as well as reduced BMD, and inferi-
or mechanical bone strength (55).

The exercise completely prevented the loss of
anti-osteoporotic efficacy of alendronate, caused by
lansoprazole. What is more, we demonstrated a pos-
itive interaction that occurred between the exercise
and alendronate. The application of the exercise
together with alendronate significantly increased the
maximum and fracture load of tibia metaphysis, in
comparison with rats treated with alendronate only.
It also caused a significant increase of the force
causing femoral neck fracture, in comparison with
control orchidectomized rats. However, the most
significant observation of the present study is that
application of exercise to rats treated with alen-
dronate and lansoprazole restored the lansoprazole-
reduced anti-osteoporotic efficacy of alendronate.
The exercise normalized the rate of bone turnover,
promoting bone formation in compact and cancel-
lous bone. The exercise is known to increase
mechanical loading to bones, preventing apoptosis
of osteocytes, that are main regulators of bone
remodeling (56, 57). In response to mechanical load
caused by the exercise, activation of the Wnt/B-cate-
nine pathway also occurs, which is of key impor-
tance for differentiation and bone formation activity
of osteoblasts (57, 58). Mechanical loading is a
potent anabolic stimulus that strengthens bones and
a major regulator of bone mass, geometry and
microarchitecture (56, 57). In the study reported
here, the exercise increased the width of trabeculae
in cancellous bone and growth of compact bone
from periosteum and marrow cavity, as well as bone
mass, counteracting the lansoprazole-induced reduc-
tion of anti-osteoporotic efficacy of alendronate.
Physical effort that rats treated with alendronate and
lansoprazole have been exposed to significantly
increased the load, energy, and stress in the points of
the maximum and fracture loads in the tibia metaph-
ysis, in reference to rats treated with alendronate and
lansoprazole concurrently. It also significantly
increased the load causing femoral neck fracture in
comparison with orchidectomized control rats.

The data obtained so far indicate, however,
that exercise is known to intensity- and duration-
dependently induce the activation of the hypothal-
amus-pituitary-adrenocortical axis, as well as the
sympatho-adrenomedullary  system (59-61).
Indicators that enable verification of exercise
intensity in the study reported here may be the
mass of adrenals and rat body mass (60, 61).
Exercise causes intensity-dependent increase of the
adrenal mass in mice (60) and in rats (61). We also
noted an increase of adrenal mass, yet which was
not statistically significant, at a level observed by
Bartalucci et al. (60) in mice subjected to low-
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intensity physical exercise. On the other hand, the
adrenal mass to body mass ratio in our study was
significantly greater than that in orchidectomized
control rats, yet lesser than that observed by da
Costa Lana et al. (61) in rats subjected to low-
intensity exercise. Moreover, we failed to notice
significant changes in rat body mass. Those results
may indicate that exercise applied in the study
reported here did not induce significant adaptive
changes caused by the activation of the hypothala-
mus-pituitary-adrenals axis and the sympatho-
adrenomedullary system.

In conclusion, the exercise prevented lansopra-
zole-induced reduction of anti-osteoporotic efficacy
of alendronate in rats with androgen deficiency.
Those results indicate that exercise may reduce the
disadvantageous influence of PPIs upon alendronate
activity and increase its anti-fracture efficacy in the
treatment of osteoporosis in men.
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Abstract: Signs and symptoms of secondary overactive bladder (OAB) are observed both in course of infra-
vesical obstruction of urine outflow in patients with benign prostatic hyperplasia, and as a result of develop-
ment of hemorrhagic cystitis (HC) following administration of cyclophosphamide (CP). Non-steroidal anti-
inflammatory drugs (NSAIDs) alleviate symptoms of bladder overactivity reducing local synthesis of
prostaglandins (PGs), but precise effects of those agents on functions of the autonomic nervous system (ANS)
in course of OAB remain unknown. The purpose of this study was to evaluate the effect of piroxicam-induced
prostaglandins (PGs) synthesis block on activity of the ANS in two experimental models of secondary OAB:
bladder outlet obstruction (BOO) and cyclophosphamide-induced HC (CP-HC), by heart rate variability analy-
sis (HRV). The experiment was performed on a group of rats with surgically induced 2-week BOO, and on a
group of rats that were administered CP five times, with corresponding control groups. Study animals were
given piroxicam (PRX) i.p. in two doses: 2 and 10 mg/kg b.w.

In the BOO model, PRX in both doses revealed a trend for reduction of value of all non-normalized compo-
nents of HRV. The lower PRX dose caused an increased nHF value, and PRX administered in the dose of 10
mg/kg b.w. caused an increase of the nLF value. In the CP-HC model, the lower PRX dose caused a trend for
an increase of values of all non-normalized components, and the higher dose — for their decrease. Both doses
of PRX in that model caused increase of the nLF value. Inhibition of PGs synthesis caused changes of ANS
function in both models of OAB. Both in BOO and in CP-HC, PGs seem to be ANS-activating factors, respon-
sible for maintenance of a high parasympathetic activity. In both models, inhibition of PGs synthesis with PRX
administered at the dose of 10 mg/kg b.w. lead to functional reconstruction of ANS, with marked sympathetic
predominance. That may contribute to reduction of the bladder contractile action and improvement of its com-
pliance in the filling period, which was demonstrated by other authors in urodynamic tests for NSAIDs.

Keywords: overactive bladder, cyclophosphamide, bladder outlet obstruction, prostaglandins, autonomic nerv-
ous system, heart rate variability

Abbreviations: ANS — autonomic nervous system, BOO — bladder outlet obstruction, BPH — benign prostatic
hyperplasia, BWW — bladder wet weight, COX — cyclooxygenase, CP — cyclophosphamide, CP-HC —
cyclophosphamide-induced hemorrhagic cystitis, HF — high frequency (HRV spectral, non-normalized compo-
nent), HRV — heart rate variability, LF — low frequency (HRV spectral, non-normalized component), nHF —
normalized high hrequency (HRV spectral, normalized component), nLF — normalized low frequency (HRV
spectral, normalized component), NSAIDs — non steroidal antiinflammatory drugs, OAB — overactive bladder,
PGs — prostaglandins, PRX — piroxicam, rMSSD — the square root of the mean squared difference of succes-
sive normal-normal (R-R) intervals, R-R — an interval between two subsequent R waves in ECG recording,
SDNN - standard deviation of all normal-normal (R-R) beats, TP — total power (HRV spectral, non-normalized
component), VLF — very low frequency (HRV spectral, non-normalized component)

Symptoms of the urinary bladder overactivity,
with an impairment of the filling phase and its
reduced compliance, are common problems of the
lower urinary tract. According to the currently
applied terminology, disorders suggesting some
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dysfunctions of the bladder filling phase (urinary
urgency) and micturition (polyuria, frequent passage
of small amounts of urine, urine incontinence), con-
stitute a basis for diagnosis of the overactive bladder
syndrome (OAB) (1, 2).

56
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The disease is an idiopathic disorder, or is a
result of action of various etiological factors leading
to detrusor overcontractility with reduced filling
phase of the bladder. A general pathophysiological
description of idiopathic OAB assumes, that its
development is a result of complex disorders, both
of myogenic (abnormal electric coupling of smooth
muscle cells of the vesicular wall, contributing to
contractile overreactivity) and neurogenic character.
A precise pathophysiological description of idio-
pathic OAB exceeds the framework of this paper,
and all necessary information may be found in
numerous reviews in that area (3-5), also published
by us (6). Bladder overactivity is also observed in
course of various organic disorders of the lower uri-
nary tract. Symptoms of OAB occur in patients
treated with cytostatic alkylating drugs belonging to
the group of oxazaphosphorins (e.g., cyclophos-
phamide), accompanying symptoms of hemorrhagic
cystitis (HC; cyclophosphamide-induced HC; CP-
HC). The pathogenesis of hemorrhagic cystitis is
associated with development of the bladder inflam-
matory condition — that, according to the OAB neu-
rogenic theory, is co-responsible for changing the
activity of afferent fibres and, at the same time, the
efferent control of the bladder function. The key
pathogenetic factor is release of acrolein (as a result
of cyclophosphamide metabolism in the bladder), as
a factor initiating some complex immunological-
inflammatory changes, with overproduction of
NF-xB, TNF-o and overactivity of cyclooxygenases
(COX) (7, 8). The pathophysiological description of
that disorder has been also published in one of our
earlier papers (9). It is also generally known that
patients with benign prostatic hyperplasia (BPH)
also present symptoms of bladder overactivity.
Pathogenesis of bladder overactivity in BPH
patients depends on the bladder reconstruction sec-
ondary to the existing sub-vesicular block and urine
outlet obstruction (10).

The above mentioned disorders may be rela-
tively easily studied on animal models. According to
the literature, it is possible to cause a hemorrhagic
cystitis by four intraperitoneal administration of 75
mg/kg b.w. cyclophosphamide to rats (the CP-HC
model) (11, 12). On the other hand, BPH may be
experimentally reflected by surgical creation of a
partial bladder outlet obstruction (the BOO model)
obtained by partial ligation of the proximal section
of the urethra (13, 14).

In both above mentioned cases of secondary
OAB, disturbances of the autonomic bladder control
are an additional pathogenetic element. In our previ-
ous studies, we have demonstrated that in experi-

mental CP-HC, the autonomic nervous system
(ANS) activity became reduced with a proportional
reduction of both sympathetic and parasympathetic
tonus (15). However, evaluating function of the
ANS in a 2-week BOO model in a rat, we have also
found features of reduction of global autonomic
activity, but with a reduced parasympathetic tonus
and a relative sympathetic dominance (16).
Autonomic abnormalities observed in the above
mentioned experimental models may depend on
altered paracrine function of the urothelium, being a
result of the existing inflammatory condition (CP-
HC) or excessive muscularization of the bladder due
to its overpressurising. Those disorders cause
release of prostaglandins (PGs) inside the bladder.
PGs may be co-responsible for excessive sensitiza-
tion of the bladder sensory fibres and reflexive
change of tonus of efferent fibres.

It is generally known that PGs are synthesized
de novo from arachidonic acid, in a multi-stage
process with participation of cyclooxygenase (cur-
rently identified with prostaglandin H synthase, or
prostaglandin endoperoxidase) and individual cel-
lular  synthases for given  prostanoids.
Cyclooxygenase is a molecular binding point for
non-steroidal anti-inflammatory drugs (NSAIDs),
that exert an analgesic and antipyretic effect by
inhibition of synthesis of prostaglandins. There are
several isoforms of cyclooxygenases (COX1 — con-
stitutive, COX2 — inflammatory-induced, COX3 —
central form), constituting a basis for pharmacody-
namic classification of NSAIDs, depending on their
— selective or non-selective — effect on individual
COX isoforms (17, 18).

Studies demonstrated that PGs are synthesized
locally in the bladder, both in the urothelium and the
muscular coat, indicating a complex, endocrine con-
trol of the bladder function (19, 20). Intravesical
PGs administration to rats caused reduction of the
bladder compliance and its overreactivity (21, 22).
Experimental studies demonstrated as well an
increased COX expression, both in the BOO model
(23) in response to the bladder overpressure and its
dilation, and in the model of post-cyclophosphamide
bladder injury, as a result of internal inflammation
(24). Some recent studies demonstrated also that
interstitial cells of Cajal, being an electric “pace-
maker” of the bladder, controlling its motor function
(similarly to the digestive tract) also present a high
COX expression (both isoforms 1 and 2) (25).

Considering pleiotropic character of prostan-
oids, determination of their potential role in the
bladder overactivity in course of post-cyclophos-
phamide, hemorrhagic cystitis and benign prostatic
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hyperplasia, in context of their effect on autonomic
regulation, seems important. Therefore, the purpose
of this study was to determine an indirect — through
a pharmacological inhibition of prostaglandin syn-
thesis with piroxicam (PRX), a non-selective COX
inhibitor — effect of prostaglandins on activity of the
autonomic nervous system in experimental models
of post-cyclophosphamide, hemorrhagic cystitis (the
CP-HC model) and of a partial bladder outlet
obstruction (the BOO model). Currently, a non-
invasive evaluation of the autonomic nervous sys-
tem — both for clinical and experimental purposes —
is allowed by examination of the heart rate variabil-
ity (HRV). The HRV analysis is based on evaluation
of variability of R-R intervals in the ECG record.
Those intervals fluctuate constantly due to the fact
that the heart remains under constant autonomic
control. That parameter is a starting point for time-
domain HRV analysis, yielding some derivative
parameters. It also allows determination of a HRV
spectrum with its basic components (HRV spectral
analysis) (26, 27). Therefore, evaluating an auto-
nomic control of the heart, some indirect conclu-
sions of the ANS functional status may be drawn.

EXPERIMENTAL

The study was carried out following a consent
of the 1* Local Bioethics Committee in Krakéw
(No. 126/2010 and 28/2013).

Animals

Sixty 6-weeks-old Wistar rats obtained from
the central animal house of the Pharmaceutical
Faculty of the Jagiellonian University Collegium
Medicum in Krakéw were used for experiments. For
acclimatization to new living conditions, for the first
week animals were placed in five collective cages,
with unlimited access to a standard laboratory feed
(Labofeed, Kcynia) and water. Constant temperature
of 22°C was maintained in the room. At the begin-
ning of the experiment, rats were randomized into
study groups, 10 animals in each group. During the
experiment, animals in the particular group lived
together in the same cage (10 animals per cage), and
had unlimited access to water and feed.

General outline of the experiment

The experiment was run on animals with BOO,
treated (BOO + PRX) and untreated (control) with
piroxicam. Also animals with post-cyclophos-
phamide hemorrhagic cystitis were divided into two
groups: treated with piroxicam (CP-HC + PRX) and
untreated (control). Moreover, both in the BOO +

PRX, and CP-HC + PRX group we have used two
doses of PRX: 2 mg/kg b.w. and 10 mg/kg b.w.
(choice of doses was based on previously published
experimental studies using PRX (28, 29)).
Therefore, finally six study groups were formed:
BOO (control of the BOO model; group 1); BOO +
PRX 2 mg/kg b.w (group 2); BOO + PRX 10 mg/kg
b.w. (group 3); and CP-HC (control of the CP-HC
model; group 4); CP-HC + PRX 2 mg/kg b.w.
(group 5); CP-HC+PRX 10 mg/kg b.w. (group 6).

CP-HC model

In thirty animals, an experimental model of
hemorrhagic cystitis with its overactivity was creat-
ed by four (every two days — on the day one, three,
five and seven) intraperitoneal administrations of
cyclophosphamide — CP (Sigma Aldrich) — at the
dose of 75 mg/kg b.w. The CP solution was pre-
pared each time ex tempore before administration.
According to the literature, dosage scheme leads to
hemorrhagic cystitis following the fourth dose (11,
12). Ten animals received CP only, and formed a
control group (group 4), and other 20 rats received
additionally piroxicam (Feldene, Pfizer, ampoules
20 mg/mL) in two doses: 2 and 10 mg/kg b.w., as
described above. PRX, the same as CP, was admin-
istered intraperitoneally four times, two hours fol-
lowing the administration of CP. In the group of ani-
mals receiving 10 mg/kg b.w. PRX, four animals
died — therefore, only six animals were considered in
the final analysis. In the CP-HC + PRX 2 mg/kg
b.w. group one animal died, therefore HRV records
were finally obtained from 9 animals. The controls
received normal saline in volume corresponding to
the volume of PRX instead of PRX. All animals in
that group survived administration of the fourth dose
of CP, but a majority of them were in overall poor
condition. We have even observed a body weight
reduction in those animals.

BOO model

Another 30 animals had the proximal section
of urethra partially surgically ligated, in order to cre-
ate the bladder outlet obstruction. According to the
literature, a condition clinically corresponding to
BPH with bladder overactivity develops within two
weeks post the surgery (13, 14). The procedure was
conducted under pentobarbital anesthesia (Morbital,
Putawy, 40 mg/kg b.w. administered 1i.p.).
Following the anesthesia, a medial cut was made in
the projection over the bladder. Exposed bladder
was carefully separated from the surrounding fatty
tissue, and the urethra was catheterized (polyethyl-
ene catheter, diameter 0.58 mm), ligating the proxi-
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mal section of the urethra around the catheter. After
the catheter was removed, abdominal integument
and skin were sutured in layers with standard surgi-
cal sutures (Medilen 4/0 USP; cutting needle DS2,
3/8). The surgical wound was sprayed with
neomycin and the skin was sprayed with oxycort to
minimize the risk of post-surgical infection. Two
first days after the surgery were treated as a conva-
lescence period. On the day three, PRX was admin-
istered i.p. at the dose of 2 or 10 mg/kg b.w. in both
BOO + PRX subgroups (groups 2 and 3), or normal
saline was administered at the volume correspon-
ding to the volume of PRX in the control BOO
group (group 1). PRX or normal saline were admin-
istered, similarly to CP-HC + PRX/CP-HC groups,
four times — on the day three, seven, eleven and fif-
teen after the surgery. Two animals in the control
BOO group did not survive the procedure.
Therefore, that group consisted finally of 8 animals.
Moreover, 2 animals treated with PRX at the dose of
2 mg/kg b.w. and 3 animals treated with PRX at the
dose of 10 mg/kg b.w. died before reception of the
final dose. Therefore, HRV records were obtained
from 8 animals in the BOO + PRX 2 mg/kg b.w.
group and from 7 animals in the BOO + PRX 10
mg/kg b.w. group.

Body weight and excreted urine volume
measurement

On the first day of the experiment and on the
last day (the day of HRV records registration) body
weight of animals was measured in all study groups.
Moreover, on the first day of the experiment, we
measured a daily urine output in healthy animals
randomized to control groups in BOO and CP-HC
models (groups 1 and 4) and in animals treated with
PRX (groups 2, 3, 5, 6) — after the last PRX dose and
on the day preceding the HRV registration.

HRY records

In groups 1-3 HRV was recorded on the day
fifteen (day after the last dose of PRX administered
to animals in groups 2 and 3 and normal saline to
animals in the group 1). In groups 4-6 HRV was
recorded on the day eight (after the last dose of CP
and PRX or normal saline). For all rats the HRV reg-
istration was performed under urethane anesthesia
(Sigma Aldrich; 1200 mg/kg b.w.), considering the
literature reports of the relatively lowest effect of
urethane on the autonomic nervous system, com-
pared to other anesthetics (30, 31). After an animal
was anesthetized, shaved and placement of ECG gel,
three disposable electrodes Ag/AgCl (E30, Sorimed,
Poland) were placed in standard places. Two of

them were active electrodes and one a reference, in
order to obtain a single-channel, bipolar record.
During the record, animals were placed under a
heating lamp to prevent chilling that could negative-
ly affect the ANS activity. ECG was registered at
rest for 20 min (Polygram, ADInstruments).
Following registration, records were analyzed for
time- and spectral (frequency) HRV analysis, with
calculation of standard parameters, according to
generally accepted guidelines (26, 27). The time
analysis involved: mean RR [ms] — a mean duration
between subsequent R-R waves, maximum and min-
imum duration between subsequent R-R waves
[ms], range of variability of R-R intervals [ms],
mean heart rate [bpm], SDRR — standard deviation
of all R-R intervals, and rMSSD — square root of
mean sum of differences between R-R waves.

Evaluated in the spectral analysis were: total
power (TP), powers of individual non-normalized
components of the spectrum in the range of very low
frequency (VLF), low frequency (LF), and high fre-
quency (HF); all expressed in power units [ms?],
LF/HF ratio and values of normalized parameters
nLF and nHF (expressed in normalized units [n.u.]).
The following ranges were accepted for individual
components of the spectrum: 0.18 < VLF < 0.28 <
LF <0.78 < HF < 3.

Collection of bladders

Following HRV recording, animals were sacri-
ficed with a lethal dose of pentobarbital (Morbital,
Putawy, Poland; 100 mg/kg b.w.) for weight and
histopathological analysis of their bladders. The
bladder was collected from each of the study ani-
mals, following a previous separation from the sur-
rounding fatty tissue and voiding. According to the
literature data, measurement of the bladder wet
weight (BWW) may be treated as an indirect evi-
dence of the bladder reconstruction induced by
inflammation (in the CP-HC model) or by outlet
obstruction (in the BOO model), associated with its
overactivity (32-34). Directly after collection, blad-
ders were weighed on an analytic scale and then
placed in 4% formalin solution with PBS for further
histopathological evaluation. During the histopatho-
logical procedure, the urinary bladders collected
during autopsy were rinsed in the saline solution.
Next, they were strengthened for 24 h in the 8% for-
malin with phosphate buffer solution (PBS; pH 7.4).
Afterwards, the samples were rinsed in the slow
running water for 2 h, and then they were drained in
the successive growing concentration (50-100%) of
ethanol solutions. Before sinking into paraffin, the
samples were moved through both pure xylene solu-
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tion and mixture of xylene and paraffin (1 : 1) and
incubated for 2 h with the maintenance of 37°C.
Next, the individual tissue fragments were moved
twice to clean paraffin and incubated again in tem-
perature 62°C. In the end, after 2 h, the samples
were sunk into blocks and after hardening were cut
using the microtome. The obtained scraps were
placed on the microscopic slides and dried in the
thermostat at 37°C. The finally prepared microscop-
ic sections were stained with hematoxylin eosin
method (HE) to enable the histologic evaluation of
the inflammatory process intensification.

Statistical analysis

Obtained results were analyzed separately for
groups 1-3 and 4-6 using the Bartlett test, at o0 =
0.05. Then, paired results were analyzed for groups:
1-2, 1-3 and 4-5, 4-6 using the Fischer Snedecor
test at the same o value. Calculated HRV values,
considering lack of their normal distribution, were
converted into logarithmic values (natural loga-
rithms) for the sake of the statistical analysis.

RESULTS

Body weight and urine volume measurements

At the beginning of the experiment, body
weight of study animals was 188.30 + 11.83 g. In the
BOO population (group 1), on the day 15 of the
experiment, a mean body weight of study animals
was 203.20 £ 8.58 g, and in the CP-HC model
(group 4), on the day 8 of the study, a day after the
final dose of CP, a mean body weight was reduced
to 181.67 £ 10.62 g, which was associated with poor
general condition of animals in that group.

Before the experiment, healthy rats excreted a
mean volume of 9.50 + 4.37 mL of urine per day. In
the BOO model (group 1), on the day 14 following
induction of BOO we recorded a mean daily urine
output of 6.90 £ 1.03 mL, and in the CP-HC popula-
tion (group 4), on the day seven following the last
dose of CP — 14.83 = 6.43 mL. Measurements of
daily urine output were intended as an additional,
indirect evidence of the bladder function disorders in
examined models. We did not analyze any precise
changes of those parameters under influence of PRX.

Evaluation of bladder wet weight of collected
bladders

In the BOO group (group 1), on the day 15 of
the experiment, the bladder wet weight achieved
0.26 £ 0.24 g, and in the CP-HC population (group
4), on the day 7 following the last dose of CP —0.17
+ 0.04 g. Similarly to the measurement of daily

urine output and according to the above mentioned
literature (32-34), the BWW measurement was
intended as an indirect evidence of the bladder func-
tion disorders in particular studied models. The
parameter wasn’t also analyzed for effect of PRX.
Therefore, we gave up analogous measurements in
PRX-treated groups.

Conclusions of histological analysis of collected
bladders

According to the pathomorphological evalua-
tion, bladders collected from animals with experi-
mental bladder outlet obstruction (control group of
the BOO model; group 1) demonstrated signs of
edema and congestion of the bladder wall, with a
minimal hyperplasia of the muscular layer. In the
group 4 (control group of the CP-HC model) a clear
edema and signs of congestion (mostly of the cystic
mucosa) were found, and also signs of focal prolif-
eration of fibroblasts in the mucosal lamina propria,
mostly around some fine, submucosal blood
extravasations. Fine lymphocytic inflammatory
infiltrations were visible in vicinity of vessels of the
mucosal lamina propria. Epithelium of the bladder
lining demonstrated focal ulceration with signs of
clear proliferation of cells and of anisonuleosis
focalis et papillosis. The bladder wall muscular coat
was normotypic.

HRYV analysis in the BOO model
Time-domain analysis

Parameters of the HRV time analysis were not
significantly different in both groups treated with
PRX and in the control group 1. The population
treated with 2 mg/kg b.w. PRX presented the lowest
value of the mean R-R interval, with the highest
heart rate. Animals treated with the higher dose of
PRX (group 3) demonstrated the highest SDNN
value. Results of the HRV time-domain analysis of
animals in the BOO model are presented in Table 1.

Spectral-domain analysis

Spectral analysis of the BOO model revealed a
trend for reduction of the total power of the spec-
trum and its non-normalized components in both
groups treated with PRX compared to the control
group. Significant differences were observed for
normalized spectral parameters and their mutual
relations — in the group 2 (lower PRX dose ) a clear
dominance of nLF was observed with reduction of
the nHF value; in the group 3 (higher PRX dose)
that correlation was precisely reverse.

Results of the HRV spectral analysis of ani-
mals in the BOO model are presented in Table 2.
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Table 1. Time-domain HRV analysis results in rats with experimental bladder outlet obstruction (BOO) model treated with piroxicam

(PRX).

HRYV time-domain

Studied groups

Statistical analysis
(for In values)

parameter group 1 group 2 group 3
BOO BOO + PRX BOO + PRX 1-2 1-3
control 2 mg/kg b.w. 10 mg/kg b.w.
mean RR [ms] 171.80 + 11.87 160.00 + 8.53 172.05 + 6.99 p=0.01 NS
max RR [ms] 188.32 + 1.61 178.86 = 10.79 188.74 £ 1.25 NS NS
min RR [ms] 149.32 + 18.94 145.45 £ 4.22 145.75 £ 12.57 NS NS
range [ms] 37.10 £ 15.90 33.40 £ 12.94 4297 £ 12.47 NS NS
average HR [bpm] 351.00 + 25.31 375.84 £ 18.75 349.18 £ 13.99 p=0.01 NS
SDNN 7.83 £3.95 5.17£3.20 12.52 £3.94 NS p=0.03
rMSSD 7.87 £8.34 3.00 + 4.37 13.31 £ 12.15 NS NS

NS = not significant

Table 2. Spectral-domain HRV analysis results in rats with experimental bladder outlet obstruction (BOO) model treated with piroxicam

(PRX).

. Statistical analysis

Studied groups
for 1 1
HRY spectral-domain (for In values)
parameter group 1 group 2 group 3
BOO BOO + PRX BOO + PRX 1-2 1-3
control 2 mg/kg b.w. 10 mg/kg b.w.

TP [ms’] 27.44 £ 33.55 11.23 +20.45 18.23 £ 17.84 p=0.04 NS

VLF [ms?] 22.30 £28.95 6.61 £15.26 17.42 £ 17.47 p=0.01 NS

LF [ms?] 2.20+3.26 2.32+3.71 0.52+0.42 NS NS

HF [ms’] 294 +£6.27 230253 0.30£0.26 NS NS
LF/HF 0.71 £ 0.58 0.75 £0.70 1.85+0.17 NS p=0.01
nLF [n.u.] 44.81 £ 18.59 35.25+£23.27 64.75 £ 2.12 p=0.01 p=0.01
nHF [n.u.] 55.19 £ 18.59 64.75 £ 23.27 3523 +£2.12 p=0.01 p=0.01

NS = not significant

Table 3. Time-domain HRV analysis results in rats with experimental hemorrhagic cystitis evoked by cyclophosphamide (CP-HC) model

treated with piroxicam (PRX).

HRYV time-domain

Studied groups

Statistical analysis
(for In values)

parameter group 4 group 5 group 6
CP-HC CP-HC + PRX CP-HC + PRX 4-5 4-6
control 2 mg/kg b.w. 10 mg/kg b.w.
mean RR [ms] 160.17 £ 11.23 168.80 + 14.66 172.77 £ 12.77 NS NS
max RR [ms] 184.92 £ 5.75 188.95 + 10.08 188.94 = 10.06 NS NS
min RR [ms] 146.57 £+ 8.62 153.63 +20.01 147.49 + 16.40 NS NS
range [ms] 38.36 £ 13.81 35.32 £ 19.97 41.47 £ 16.38 NS NS
average HR [bpm] 376.77 £ 26.16 357.58 £ 30.70 347.90 £ 24.40 NS p=0.04
SDNN 6.74 £2.62 8.80 £ 5.57 10.46 £5.17 NS NS
rMSSD 5.48 £4.27 14.65 + 12.97 15.08 + 10.44 NS p=0.05

NS = not significant
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Table 4. Spectral-domain HRV analysis results in rats with experimental hemorrhagic cystitis evoked by cyclophosphamide (CP-HC)

model treated with piroxicam (PRX).

. Statistical analysis
Studied groups
for 1 1
HRYV spectral-domain (for In values)
parameter group 4 group 5 group 6
CP-HC CP-HC + PRX CP-HC + PRX 4-5 4-6
control 2 mg/kg b.w. 10 mg/kg b.w.
TP [ms?] 15.31 £ 15.22 46.77 £ 38.50 13.94 £9.49 NS NS
VLF [ms?] 10.00 £9.35 27.8 £22.01 10.43 £ 6.85 NS NS
LF [ms?] 2.01+£233 9.37 £8.01 2.07+1.81 p=0.05 NS
HF [ms?] 329 +3.83 9.61 £9.06 1.45 £ 0.98 NS NS
LF/HF 0.71 £0.58 1.74 £ 1.35 1.34 £ 0.39 NS NS
nLF [n.u.] 34.42 + 18.77 57.86 £ 14.86 56.34 £ 6.81 p=0.04 | p=0.04
nHF [n.u.] 65.52 + 18.75 42.14 £ 14.86 43.66 £ 6.81 p=0.04 | p=0.02

NS = not significant

HRYV analysis in the CP-HC model
Time-domain analysis

Just like in case of the BOO model, parameters
of the HRV time analysis in animals with the CP-
HC model were not significantly different in both
groups treated with PRX and in the control group 2.
All values were comparable in all groups, except for
a mean heart rate in the group 6 — the lowest of all
groups, and rMSSD - the highest.

Results of the HRV time-domain analysis in
animals in the CP-HC model are presented in Table 3.

Spectral-domain analysis

Contrary to animals in the BOO model (groups
1-3), in animals in the CP-HC model treated with
the lower PRX dose (group 5) a trend for increase of
all non-normalized components of the spectrum was
observed, compared to the corresponding control
group. In the group 6 (the higher PRX dose), simi-
larly to groups 2 and 3, TP and HF values were
lower. VLF and LF powers were practically identi-
cal as in the corresponding control group. Both
groups 5 and 6 were characterized by dominance of
the normalized nLF parameter over nHF, and the
difference was statistically significant.

Results of the HRV spectral analysis of ani-
mals in the CP-HC model are presented in Table 4.

DISCUSSION

Considering literature reports, results of daily
urinary output analysis, BWW values and histologi-
cal valuation of collected bladders, a conclusion
could be made that study animals (groups 1 and 4)
meet requirements of bladder outlet obstruction (the

BOO model) and of hemorrhagic cystitis (the CP-
HC model). Hence, we could treat those groups and
their HRV results as control ones, taking them as a
reference for BOO/CP-HC individuals treated with
piroxicam.

The most important conclusions of this study are:

1. Prostaglandins seem to be factors activating
the autonomic nervous system in the model of blad-
der outlet obstruction — inhibition of their synthesis
caused a reduction of power of the HRV spectrum
and of its individual non-normalized components:
VLF, LF and HF. The dose of 2 mg/kg b.w. caused
a particular trend for reduction of power in the VLF
range, with marked increase of value of the normal-
ized nHF parameter; the 10 mg/kg b.w. dose caused
mostly a reduction of LF and HF power, but accom-
panied by an increase of the normalized nLF value.

2. In the CP-HC model, the dose of piroxicam
of 2 mg/kg b.w. caused an increase of global activi-
ty of the autonomic nervous system and its non-nor-
malized components. That suggests that a moderate
suppression of prostaglandin synthesis was reflected
by increased activity of the ANS. At the higher PRX
dose the stimulating effect on the ANS functional
condition disappeared, and activity of the ANS was
comparable to the corresponding control group. At
both PRX doses a statistically significant dominance
of the normalized nLF parameter was observed.

We have chosen piroxicam, as an agent inhibit-
ing synthesis of prostaglandins and a non-selective
COX inhibitor for our experiment. Piroxicam (4-
hydroxy-2-methyl-2H-1,2-benzothiazine-1-(N-(2-
pyridinyl)carboxamide)-1,1-dioxide) is a precursor
of the oxicam subgroup in the group of NSAIDs.
The drug was discovered in 1972 and introduced to
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the medical market by Pfizer in 1982 as a novel — for
that time — representative of NSAIDs, recommend-
ed particularly to pharmacotherapy of rheumatic
problems (35). Piroxicam is characterized by high
(about 30) COX-1/COX-2 blockade ratio value.
Thus, this compound, together with others common-
ly used in clinical practice drugs, such as ibuprofen,
ketoprofen, diclofenac, naproxen, belongs to
NSAIDs that inhibit both COX-1 and COX-2 with
little selectivity (36). However, comparing to the
other non-selective NSAIDs mentioned above,
piroxicam seems to be relatively the most non-selec-
tive COX-blocking agent. Thus, the pharmacody-
namic profile of piroxicam was the reason of our
choice of PRX in our experiment. Moreover, early
other reports of additional pharmacodynamic prop-
erties of prioxicam appeared as well and other
aspects of the agents’ mechanism of action have
been also discovered. Already in 1983, Ando and
Lombardino (37) demonstrated that PRX inhibited
cellular migration in an inflammatory focus, and sta-
bilized lisosomes of neutrophils, thus counteracting
release of numerous cellular pro-inflammatory
mediators (and of the lymphocytic rheumatoid fac-
tor of the IgM antibody character). Summing up, we
have chosen PRX for the puropose of our study due
to its non-selectivity regarding to COX and potential
additional antiinflammatory effects, even despite the
fact, that this agent is nowadays rarely used in clin-
ical practice (mostly because its gross COX non-
selectivity produces serious adverse effect, such as
unfavorable influence on the digestive tract).
Compared to other NSAIDs, this agent also exerts a
relatively strong ulcerogenic effect (35, 38). That
fact was an impulse for search of new derivatives of
the compound, concluded with discovery of PRX
analogues, including meloxicam, tenoxicam and
lornoxicam, differing from their predecessor not
only in scope of pharmacodynamic properties
(clearly higher selectivity in relation to COX-2), but
also of pharmacokinetic properties (39).

As mentioned previously in the introduction,
PGs locally synthesized in the bladder intensify its
overreactivity. Therefore, it is expected that
NSAIDs constitute a pharmacologically attractive
group of agents exerting a potentially beneficial
alleviating effect on OAB symptoms. Efficacy of
selected NSAIDs has been confirmed in experimen-
tal studies, and in few — so far — published clinical
trials. In an experimental model of hemorrhagic cys-
titis induced by a single, large dose of cyclophos-
phamide (150 mg/kg b.w.), Takagi-Matsumoto et al.
(40) demonstrated an improvement of parameters
describing cystometric records in rats, in which the

records were registered during an intravesical
administration of a selected non-selective COX
inhibitor. Those researchers evaluated an effect of
aspirin (0.1-10 mg/kg b.w.), indometacin (0.01-0.3
mg/kg b.w.) and ketoprofen (0.001-0.1 mg/kg b.w.).
Results obtained by them confirmed efficacy of each
of the tested agents in scope of alleviation of cysto-
metric disorders determining OAB in studied indi-
viduals (they observed a reduction of frequency of
micturition episodes and a shift towards the higher
value of threshold micturitional pressure during the
phase of bladder filling). A significant improvement
of cystometric properties of those records was
accompanied by reduction of intravesical PGS level,
evaluated immunoenzymatically in the vesical
supernatant (40). Results of the above experiment
were also confirmed by Jang et al. (41) on a similar
experimental model of OAB, but with use of a selec-
tive COX-2 inhibitor (rofecoxib). Moreover, those
researchers evaluated the nerve growth factor (NGF)
and expression of the induced isoform of nitrogen
oxide synthase (iNOS) content in vesical tissues.
They demonstrated that rats with cyclophos-
phamide-induced chemical bladder injury receiving
rofecoxib at the dose of 2 mg/kg b.w. for one hour,
during the urodynamic record, were characterized
by significantly lower content of both NGF and
iNOS. In opinion of those authors, that results also
in reduced COX-2 expression in bladders of experi-
mental animals when considering physiological
premises: NGF induces activity of COX-2 and pro-
duction of PGs by vesical mastocytes, and increased
enzymatic activity of iNOS and COX-2 depends on
the presence of a common activator of both enzymes
(nitrogen peroxide, formed in the course of NO
metabolism in a focus of inflammation) (41). The
theory of improvement of bladder disturbances as a
result of reduced intravesical PGs synthesis by COX
inhibition has been supported also by Shioyama et
al. (42). Those researchers, using a different OAB
model (chemical damage of the urothelium induced
by intravesical administration of protamine sulfate),
demonstrated that administration of loxoprofen for
two weeks alleviated symptoms of bladder overre-
activity.

There are also few — so far — published clinical
reports on favorable effect of NSAIDs in OAB phar-
macotherapy. As mentioned before in the introduc-
tion, in the BOO model, reflecting BPH, an increase
of the intravesical PGs level was observed. Saito et
al. (43) demonstrated a significant reduction of
symptoms of bladder overactivity during night in
BPH patients treated with loxoprofen (the drug
caused reduction of nycturia episodes). Similarly,
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Ozdemir et al. (44), evaluating BPH patients treated
with the combined therapy doxazosin and tenoxi-
cam, with use of validated questionnaire scales IPSS
(International Prostate Symptom Scale) and OABSS
(Overactive Bladder Symptom Scale), demonstrated
improvement of their quality of life compared to the
monotherapy with doxazosin.

Summing up, the review of literature confirms
that inhibition of intravesical PGs synthesis with
NSAIDs is associated with alleviation of overactive
bladder symptoms. In our opinion, that favorable
effect may be also — at least partially — associated
with a change of autonomic regulation of the blad-
der, resulting from disappearance of the modulating
role of prostaglandins. That hypothesis is supported
by our HRV analysis results, particularly the spec-
tral one (time-domain analysis revealed practically
no statistically significant differences between
groups).

As mentioned above, in the BOO model (cor-
responding to BPH), using both piroxicam doses, we
found a reduction of values of non-normalized spec-
trum components (HF, LF) and of the total power
(TP) of HRV. Additionally, the low PRX dose was
associated with increased power of the normalized
component nHF and a significant reduction of the
VLF value, and the large one — with an increase of
the normalized component nLF. On the other hand,
in CP-HC animals (the model clinically correspon-
ding to hemorrhagic, post-cyclophosphamide blad-
der injury), depending on the dosage, we demon-
strated an increase of the spectrum total power and
of its individual non-normalized components (2
mg/kg b.w. PRX), or — just like in BOO — their
reduction). However, regardless the applied PRX
dose, in that model we observed a statistically sig-
nificant dominance of the normalized parameter
nLF. According to HRV interpretation guidelines
(26, 27), sympathetic activity is expressed mostly by
nLF, parasympathetic — reflected by HF and nHF
powers, and the TP value is associated with the
global ANS tonus. There is no general consensus
regarding an unequivocal interpretation of the LF
component — a majority of researchers perceive that
parameter as an expression of activity of both arms
of the autonomic system. Even greater controversies
are associated with the VLF component, which — in
opinion of majority — could be an expression of var-
ious processes associated with hemodynamic regu-
lation dependent on the sympathetic control (26, 27,
45). There is also evidence supporting the hypothe-
sis that VLF reflects the activity of cholinergic anti-
inflammatory pathway, and hence, the component is
of parasympathetic origin (46, 47).

Considering the above guidelines, results
obtained by us from the HRV analysis in the BOO
model suggest that PGs seem to be agents stimulat-
ing global activity of the ANS, since inhibition of
their synthesis causes reduction of the HRV spec-
trum. Evaluating non-normalized spectrum compo-
nents only, it seems that the global reduction is
accompanied by a proportional reduction of activity
of both ANS arms. However, that thesis is negated
by values of normalized parameters nLF and nHF.
In our opinion, lower COX block is expressed main-
ly in reduced sympathetic tonus, as evidenced by
reduction of nLF and VLF (accepting the hypothesis
of a dominating role of the sympathetic component
in generation of power of that component). COX
blockage achieved with the 2 mg/kg b.w. dose and
the functional sympathetic withdrawal contributed
to an increased parasympathetic tonus (nHF
increase), that may still fix symptoms of OAB (high
parasympathetic activity stimulates contractile
activity of the bladder (5)). Five times higher PRX
dose (10 mg/kg b.w.; group 3), with reduction of the
total vegetative reactivity, caused also reorganiza-
tion of the balance within the scope of two essential
components of ANS, with a sympathetic dominance
described by increased nLF, that accounts for reduc-
tion of symptoms of bladder overactivity. High sym-
pathetic activity, associated with activation of [-
adrenergic receptors in the bladder, leads to a
decrease of its contractile activity (5). Therefore,
administration of 10 mg/kg b.w. PRX and inhibition
of PGs synthesis causes changes of autonomic regu-
lation consistent with the above cited reports regard-
ing the alleviating effect of NSAIDs on symptoms
of OAB.

Similar conclusions as those regarding group 3
may be drawn analyzing results of the spectral analy-
sis of animals in the CP-HC model, that received
PRX at the dose of 10 mg/kg b.w. (group 6). Also in
that population, obtained results suggest reduction of
global activity of the ANS, with a vegetative balance
shifted towards the sympathetic component (reduced
TP, HF, nHF values with increased nLF). However,
results obtained in the group of animals with the CP-
HC model but treated with a lower PRX dose (2
mg/kg b.w.; group 5) are debatable. That was the
only subpopulation for which we observed a para-
doxical increase of TP (increase of the ANS total
activity), and of both non-normalized spectral com-
ponents LF and HF (suggesting increase of both
sympathetic and parasympathetic tonus). However,
even in that group we observed identical relations
regarding normalized parameters nLF and nHF, with
a dominance of nLF, suggesting an increased sympa-



506 LUKASZ DOBREK et al.

thetic tonus with COX block. We found interpreta-
tion of the fact of increased TP and all non-normal-
ized components : VLF, LF and HF in that model
and at that PRX dose, difficult. Undoubtedly, in that
model, post-cyclophosphamide inflammatory
changes were clearly more intense, compared to
BOO. A lower PRX dose, despite its inhibitory effect
on COX and PGs synthesis, probably was insuffi-
cient to reduce the activating effect of numerous
other pro-inflammatory mediators on the ANS.
Moreover, with increasing PRX dose, an additional,
inhibitory aspect of PRX effect on activity of
immunocompetent cells, as mentioned above, could
appear (37). Therefore, only the higher PRX dose
caused changes similar to those observed in the
BOO model, with establishment of identical rela-
tions between the sympathetic and parasympathetic
activity.

CONCLUSIONS

Summing up, results of our experiment support
the potential efficacy of NSAIDs as PGs synthesis
inhibitors in reduction of bladder overactivity in
both experimental models of OAB (chemical — CP-
HC and obstructive — BOO), reported in the litera-
ture. In the BOO model, PGs seem to be ANS-acti-
vating factors, and in the CP-HC model — they are
undoubtedly co-activators together with other proin-
flammatory mediators. The dose of 10 mg/kg b.w.
of piroxicam in both models caused a reconstruction
of the autonomic balance, with marked sympathetic
dominance, and with simultaneous reduction of total
tonus of the ANS. That suggests that PGs inhibit the
sympathetic activity, and directly or indirectly inten-
sify the parasympathetic activity, contributing to
contractile overactivity of the bladder. Functional
rearrangement of the ANS following inhibition of
PGs synthesis may cause an opposite phenomenon
(reduction of contractile activity of the bladder),
which undoubtedly improves bladder compliance
during its filling.

Of course, we are aware of limitations of our
study (no biochemical and histological studies were
made, that could objectively confirm inhibition of
prostaglandin synthesis and changes in ANS activi-
ty). Therefore, our results have to be treated as pre-
liminary and requiring further clarification.
Moreover, the applied high PRX dose (10 mg/kg
b.w.), exceeding the usually clinical applied dose,
certainly would be a causative factor of severe gas-
tric ulceration and renal damage in humans.
However, in our opinion, supporting the general
concept of beneficial effect of NSAIDs on disorders

associated with OAB, they are valuable, as they
indicate some changes in autonomic regulation as a
possible mechanism of NSAIDs action in OAB.
Moreover, the additional actions of NSAIDs
revealed in our study also provide new insights into
pharmacodynamics aspects of these agents.
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Abstract: Many countries of the world including Poland, are taking actions for improving the role of the phar-
macist as a health care professional. One of those is implementation of pharmaceutical care (PC), as a docu-
mented specialist medical service, which also includes pharmacist interventions, such as preparing Individual
Medication Management System (IMMS), to enhance patient’s adherence. Because of the chance to monitor
the dosage and to detect and prevent drug problems occurrence, IMMS is thought to be an opportunity for indi-
vidualized, effective and safe patient’s pharmacotherapy. The aim of the study was to define pharmacists’ atti-
tudes toward IMMS. The study included also the evaluation of pharmacist-physician cooperation to determine
whether IMMS can improve partnership among health care professionals for proper patient’s care. The survey
was conducted in Poznan, between June 2011 and March 2012. An anonymous questionnaire was delivered per-
sonally to pharmacists. Each questionnaire was provided with a short information brochure attached and pres-
entation of demos how to use IMMS. The survey covered 129 pharmacists (76.7% women and 23.3% men)
where 48.8% had up to 5 years length of service as a pharmacist, 24.8% — 610 years, 14.9% — 11-20 years and
11.5% — 21 and more years. Most of the participants did not have specialization (80.6%) and only 5.4% had
Ph.D. degree. Survey confirmed that 64.8% of pharmacists (p < 0.0001), mainly with the shortest length of serv-
ice (p = 0.02268) and without specialty (p = 0.00244) didn’t cooperate with physicians, but 68.8% of respon-
dents emphasized that the range of cooperation could increase by IMMS application (p < 0.00001). About
50.0% of respondents’ considered that patients would be interested in IMMS usage (p = 0.00079) and in 71.9%
opinions, it would attach the patient to specific community pharmacy (p < 0.00001). This statement was con-
firmed by respondents with the shortest length of services (p = 0.00659). Proposed dosing system also improved
patient’s care serving by family or carers in pharmacists’ opinion (p < 0.00001). A majority of pharmacists
(85.3%) indicated also that IMMS would have a positive influence on PC implementation in Poland (p <
0.00001) and 69.0% of them confirmed that this service should be refunded by the National Health Fund (p <
0.00001). According to the scale of non-compliance, implementation of IMMS as a part of PC can be a chance
both for patients and their physicians to increase the safety and effectiveness of therapy and for pharmacists,
who are intended to highlight their role as a part of health care system.

Keywords: Individual Medication Management System, pharmaceutical care, pharmacist, physician

In recent years there has been many changes in ent countries, they should be directed at patients’

pharmacist profession, which had significant influ- education, prevention and health care promotion (3).
ence on community pharmacy functioning in Poland. So that pharmaceutical care (PC) as a new idea of
Development of pharmaceutical industry brought pharmacists’ profession should assure the safest and
about displacing compounded drugs in community the most effective therapy to improve a patient’s

pharmacies so that pharmacists have been focused on quality of life. It should progress also in the cooper-
the services for patients. (1, 2). According to differ- ation with physicians (4-7).
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Essential part of PC is proposed Individual
Medication Management System (IMMS; Fig. 1.) for
solid drugs with special division into compartments
dedicated to specific time of the day on particular days
of the week. This makes it easier to check whether
each dose has been taken. In comparison with classic
dispensers in Poland, the basic issue is that IMMS is
prepared by qualified pharmaceutical staff like master
of pharmacy or technician supervised by master of
pharmacy. It decreases the risk of errors, which can
occur without professional intervention (8).

Pharmacist responsible for preparing IMMS is
obligated to check dosing scheme propriety and rel-
evant doses. It should be pointed out when drugs
interactions occur. It has a special meaning when the
patients suffer from chronic diseases with compli-
cated dosing schemes ordered by different physi-
cians. In this area, a great opportunity of drug prob-
lems can occur and failure to doctor’s recommenda-
tions (9-11). IMMS enables the same drug under
different trade names elimination, gives possibility
of drug doses verification and indicates adverse drug
reactions. Patient using IMMS should be included in
PC program, which is implementing in Poland.

IMMS preparation should take place in specif-
ic community pharmacy chosen by the patient, so
that the pharmacist would have an access to
patient’s medical documentation and history. What
is more, IMMS should be implemented as a medical
service with National Health Fund refund, which is
a Polish Pharmaceutical Chamber suggestion (12,
13). It could be ready to use when leading physician
refers patient to pharmacist or when patient will pay
for this service by private order. This process needs
an appropriate documentation refilled by pharma-
cists and physicians (14).

The aim of the study was to determine phar-
macists’ attitudes toward IMMS, which could be
another possibility of pharmacist—physician cooper-
ation to get a proper patient’s pharmacotherapy.
Thus, the study defined whether IMMS could
improve partnership among health care profession-
als for proper patient’s care. Additional goal was to
define pharmacists’ opinion according to patients’
interest in this service, funding source and IMMS
impact on PC implementation in Poland. The data
assumed analysis for gender, specialty,
scientific/professional degree and length of service
as a pharmacist.

MATERIAL AND METHOD

The survey was conducted in Poznan, between
June 2011 and March 2012. An anonymous ques-
tionnaire was delivered personally to pharmacists
working in community pharmacies. The survey cov-
ered 129 pharmacists (76.7% women and 23.3%
men). The most numerous group consisted of phar-
macists aged up to 30 years (46.3%) with up to five
years length of service as a pharmacist (48.8%). The
other age groups were: 31 — 40 years — 28.1%,
41-50 years — 14.9% and 51 years and more —
10.7%. This data confirmed also the length of serv-
ice as a pharmacist, which were: 6-10 years —
24.8%, 11-20 years — 14.9%, 21 and more — 11.5%.
Similar results brought about that only the length of
service was analyzed in the research. Most of the
participants did not have specialty (80.6%). Only
17.1% had community pharmacy and 2.3% clinical
pharmacy specialty, so groups were joined together
and named as pharmacists with specialization. In the
study, there were only 5.4% pharmacist with Ph.D.

Figure 1. Individual Medication Management System (author's photo)
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degree. The rest had master of pharmacy degree
(94.6%).

The study included the evaluation of pharma-
cist—physician cooperation to determine whether
IMMS could improve partnership among health care
professionals for proper patient’s care. The partici-
pants answered also the questions about their view
of IMMS effectiveness, it funding sources and pos-
sible impact on PC implementation. Each question-
naire was provided with a short information
brochure attached and presentation of demos how to
use IMMS. The study received Ethical Board revi-
sion and acceptance.

The results were statistically analyzed with the
use of Statistica 8.0 application (StatSoft®). In order
to analyze relationships between the traits, taking
into account sample size and frequency of analyzed
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categories of the examined traits, chi-square test of
independence ()*) was used in case of a large sam-
ple and higher frequency of categories, and Fisher-
Freeman-Halton test for low expected frequencies.
For all the statistical analyses, a significance level of
0.05 was used to assess differences between groups.
The effectiveness of the research was tested on the
basis of questionnaire return, which was 72.9%. It
leads to conclusion that research technique was rel-
atively effective.

RESULTS

Integral element of pharmacist’s profession in
PC is permanent contact with physician to consult
patients’ pharmacotherapy. The study indicated that
64.8% of respondents did not cooperate with the

Table 1. Pharmacists’ opinion concerning cooperation with physicians and pharmacists’ specialty and length of service.

Number of cooperative physicians:
Pharmacists’ 0 1 2 3 >4 p-value
details: n (%) n (%) n (%) n (%) n (%)
Specialty
Yes 9 (37.5) 4 (16.7) 2 (8.3) 3(12.5) 6 (25.0)
No 74 (71.1) 8 (7.7) 10 (9.6) 1(1.0) 11 (10.6) 0.00244*
Total 83 (64.8) 12 (9.4) 12 (9.4) 4(3.1) 17 (13.3)
Length of
service as
a pharmacist
Under 5 years 44 (74.6) 4 (6.8) 4 (6.8) 0 (0.0) 7 (11.8)
6-10 years 20 (66.7) 4(13.3) 2 (6.7) 0 (0.0) 4(13.3)
11-20 years 10 (55.6) 1(5.6) 2 (11.1) 4(22.1) 1(5.6) 0.02268*
Over 20 years 6 (42.8) 2 (14.3) 2(14.3) 0 (0.0) 4 (28.6)
Total 80 (66.1) 11(9.1) 10 (8.3) 4(3.3) 16 (13.2)

*p < 0.05. Missing values because of the lack in pharmacists’ answers compared with analyzed group.

Table 2. Pharmacists’ opinion concerning patients’ attachment to specific community pharmacy after IMMS
implementation and length of service as a pharmacist.

Length of service as Yes No No opinion p-value
a pharmacist n (%) n (%) n (%)
Under 5 years 48 (81.4) 5184 6 (10.2)
6-10 years 24 (80.0) 4 (13.3) 2(6.7)
11-20 years 13 (72.2) 2 (11.1) 3 (16.7) 0.00659*
Over 20 years 5(35.7) 2 (14.3) 7 (50.0)
Total 90 (74.4) 13 (10.7) 18 (14.9)

*p < 0.05. Missing values because of the lack in pharmacists’ answers compared with analyzed group.
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= Yes
H No

No opinion

Figure 2. Pharmacists' opinion concerning partnership with physi-
cians' expanded by IMMS application; n = 128

Missing values because of the lack in pharmacists' answers com-
pared with analyzed group

= Yes
H No

No opinion

Figure 4. Pharmacists' opinion concerning patients' attachment to
specific community pharmacy after IMMS implementation; n = 128
Missing values because of the lack in pharmacists' answers com-
pared with analyzed group

6.2%

= Yes
® No

No opinion

Figure 6. Pharmacists' opinion concerning positive influence of
IMMS implementation on PC development; n = 129

physicians. The rest of the pharmacists collaborated
with at least 1 doctor where 13.3% contacted with at
least 4 of them (p < 0.00001; Table 1). No coopera-
tion declared mainly respondents with the shortest
length of services. It can be seen also the tendency
from the data in Table 1 that the length of services
determined better collaboration with doctors (p =
0.02268), especially when pharmacist had got a spe-
cialty (p = 0.00244). What’s more, 68.8% ques-
tioned considered proper partnership and better
effectiveness and safety of pharmacotherapy by

= Yes
® No

No opinion

Figure 3. Pharmacists' opinion concerning patients' IMMS inter-
est; n= 129

= Yes
® No

No opinion

Figure 5. Pharmacists' opinion concerning simplification of
patients' care serving by family or carers after IMMS implementa-
tion; n = 129

= Refund by goverment

B Patient's payment

Figure 7. Pharmacists' opinion concerning the source of IMMS
funding; n = 122

Missing values because of the lack in pharmacists' answers com-
pared with analyzed group

IMMS application (p < 0.00001). The data are
shown in Figure 2.

Forty six and a half percent of pharmacists
indicated that patients’ would be interested in
IMMS, but 34.1% of them had no opinion according
to this statement (p = 0.00079; Fig. 3.). Many
(71.9%) believed that this service would attached
the patient to chosen community pharmacy (p <
0.00001; Fig. 4.). As shown in Table 2, this opinion
belonged mainly to respondents with the shortest
length of services (p = 0.00659). IMMS could also
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improve care of the sick serving by the family or
carers (p < 0.00001; Fig.5.).

A majority of questioned (85.3%) considered
that IMMS could have a positive impact on PC
implementation in Poland (p < 0.00001; Fig. 6.).
This service should be refunded by the National
Health Fund in 88.5% pharmacists’ opinion, in
comparison with private patients’ payment (p <
0.00001; Fig. 7.).

Additional gender, specialty scientific/profes-
sional degree analysis did not achieve the level of
statistical significance.

DISCUSSION AND CONCLUSION

The results of the study proved that nearly
35.0% of pharmacists cooperated with physicians.
These were mainly respondents with a huge profes-
sional experience, also with specialty. Similar find-
ings were in the study from 2005, where only 25.9%
of pharmacists consulted the patients’ pharma-
cotherapy with doctors (15). This confirmed that
physician and pharmacist partnership was not suffi-
cient. The fact is that it brings a lot of outcomes
especially for the patients, so it should be improved
to get a better pharmacotherapy control (16—18). In
this study, poor cooperation indicated mainly phar-
macists with the shortest length of service. There
were assumed also a tendency where the length of
services determine better collaboration with doctors,
especially when pharmacist had got a specialty.
Probably, it is because of the huge professional
experience, which gives the possibility to connect in
a better way. According to the study from 2012, half
of the doctors collaborated with pharmacists (14). In
Ontario, physicians contacted with pharmacists five
times a week to establish patients’ pharmacotherapy
and 28% of them — experienced ones, referred their
patients directly to community pharmacies to get a
drug consultation (19). The researches beyond the
border of Poland confirmed also that coordinated
activity of this two professional groups would bring
a lot of benefits for the patient (16—18, 20-22).

This survey indicated that 68.8% pharmacists
highlight necessity of enlarging the range of cooper-
ation with physician to get effective and save phar-
macotherapy by IMMS application. Iskierski and
Zimmermann demonstrated that in pharmacists’
opinion the patients’ pharmacotherapy could be
obtained by collaboration with doctors in the drug
consultation but the problem was in a lack of organ-
ized forms of such cooperation (15). So IMMS
could be the proposition to improve pharmacist-
physician partnership.

The current study found out that pharmacists
considered IMMS as a tool, which would have an
influence on PC implementation. This dosing sys-
tem, in definition, should indicate interactions,
wrong doses and patient’s nonadherence what
would assure a great pharmacotherapy supervision.
Szalonka in 2010 demonstrated that in 78.0% phar-
macists’ opinion PC should contribute to more
secure drug taking. It was indicated also that the
main barrier limiting PC implementation in Poland
was poor communication between this two groups
(23). Thus, IMMS could help in better partnership,
what is also confirmed in conducted study. It was
also interesting to note that in this research, respon-
dents mainly with short experience pointed out that
IMMS application would attached patients to proper
community pharmacy and simplify their care serv-
ing by family or careers. Similar results were con-
firmed by the patients, who in 83.0% cases accepted
IMMS as a significant tool to improve medical care
(14). This view is supported by many studies, which
reported many IMMS benefits (24-26).

Another important finding was that 46.5% of
pharmacists recognized that patients would apply
IMMS. This results are consistent with those of
other study from 2010 but conducted on community
pharmacy patients and carers — respectively, 47.2%
and 56.0% (14). It generates a great possibility to
make use of pharmacists as drugs experts within PC
process and IMMS service. It would give a chance
to achieve proper partnership with physicians and
improve medical care.

Essential element of the study was financial
analysis according to the source of IMMS payment.
This system should be refunded by the National
Health Fund not from private patients’ income in
pharmacists’ opinion. In the study from 2012, it was
highlighted that 55.4% of patients didn’t accept pay-
ing for IMMS. Only 30.0% of carers presented will-
ingness to pay for the system (14). In many coun-
tries where dosing systems are functioning, the
patients are responsible for paying. In Great Britain,
a customer is paying for the blister and additional
charge depends on pharmacist’s will (27). In
Australia, the patient gives weekly rates for IMMS
supplying (28).

Nowadays, the community pharmacy is
exposed to many changes, especially related with
application of new services such as IMMS in PC
program. It gives a chance, both for patients and
their physicians, to increase the safety and effective-
ness of therapy and for pharmacists, who are
intended to highlight their role as a part of health
care system. Implementation of PC as a documented
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specialist medical service, including the possibility
of preparing IMMS, is expected by patients and
caregivers as well as the physicians, who in collab-
oration with pharmacists see the opportunity of indi-
vidualized and controlled patient’s pharmacothera-

py-
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Abstract: Patients, affected by neoplastic disease, take usually other drugs and this may lead to a number of
often rather unpredictable interactions. The statins are among the most commonly prescribed drugs in medicine
but have also adverse side effects and come into interactions with other drugs. The aim of this study was to
investigate the cytotoxic effect of methotrexate (5.5 or 16.5 umol/L), simvastatin (100 or 300 pmol/L) and their
combination on green monkey kidney (GMK) cells culture using cytotoxicity detection kit LDH. Besides, the
effect of above drugs on the cells viability was estimated by MTT test. After 6, 12 or 24 h of simultaneous incu-
bation of GMK cells with methotrexate (5.5 umol/L) and simvastatin (100 pwmol/L) the cytotoxicity (about
10%) of the drugs was found in LDH test. Cytotoxicity of combination: methotrexate (5.5 pmol/L) with sim-
vastatin (300 umol/L) after 6 or 12 h of incubation with GMK cells was similar (about 10%), but after 24 h of
incubation, cytotoxicity increased to 21%. The significant increase of the cytotoxicity (about 30%) was found
after 24 h incubation of GMK cells with methotrexate (16.5 umol/L) and simvastatin (100 umol/L). In the MTT
assay, the decrease in the cells viability was found also after 12 and 24 h of GMK cells incubation with
methotrexate (5.5 or 16.5 umol/L) and simvastatin (100 or 300 umol/L). These results suggest the adverse

effect of combined application of both drugs on GMK cells especially after 24 h of incubation.

Keywords: methotrexate, simvastatin, LDH, MTT, green monkey kidney cells

A lack of knowledge about interactions of one
or more drugs taken by patients can have different
results, sometimes dangerous to the health.
Therefore, there is a need for research on the inter-
action of drugs used simultaneously in the treatment
of various diseases. Particular attention should be
paid to drugs used in the chronic diseases of civi-
lization (cancer, atherosclerosis or hypertension).
One group of anticancer drugs are antimetabolites,
which include methotrexate (MTX) — the subject of
this study. MTX is a folate antagonist used for
patients with acute lymphoblastic leukemia,
osteosarcoma, lymphoma and other kinds of cancer.
In addition, it is used at lower doses for patients with
non-malignant diseases such as rheumatoid arthritis
or psoriasis (1-4). Unfortunately, MTX is a highly
toxic drug. MTX may cause the bone marrow
depression (anemia, leucopenia, thrombocytopenia)
and gastrointestinal toxicity (vomiting, diarrhea or
ulcerative stomatitis and hemorrhagic enteritis). The
renal dysfunction after MTX treatment is a clinical-

* Corresponding author: e-mail: magdalena.izdebska@umlub.pl
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ly important side effect. High dose of MTX induced
renal failure because drug is mainly eliminated by
the kidney (5, 6). Currently, a large part of the pop-
ulation suffers from arteriosclerosis and hyperten-
sion. Therefore, in cancer patients, there is a risk of
interaction between cytostatic and lipid-lowering
drugs. Simvastatin, the drug used in this study,
belongs to the statins. Statins block the synthesis of
cholesterol, preventing the formation of mevalonic
acid, and thus lower the level of lipids (7-9).
Simvastatin is a widely used cholesterol-lowering
drug in the treatment of atherosclerosis, in the pre-
vention of cardiovascular diseases, as well as
reduces stroke incidence. However, the effects of
statins extend beyond their lipid-lowering actions.
Recent in vivo studies with experimental animals
and in vitro studies in numerous cancer cell lines
have shown antitumor properties of statins.
Simvastatin is attributed to inhibition of cell cycle
both in vitro and in vivo (10-13). The use of simvas-
tatin as well as other statins are associated with the
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risk of side effects. The adverse effects of some
statins are mainly on muscle, such as myopathy and
rhabdomyolysis and liver (14, 15). The statins are
the most commonly prescribed drugs in medicine
but unfortunately can come into interactions with
other drugs. The lack of the literature data about the
simultaneous treatment with MTX and statins was
the inspiration to undertake the research of the pre-
sented work. The aim of this pilot study was to

investigate the cytotoxic effects of MTX and sim-
vastatin on green monkey kidney (GMK) cells using
LDH and MTT tests.

EXPERIMENTAL
Reagents

The following substances were used in the study:
MTX (Metotreksat-Ebewe, Ebewe Pharma, Unterach,
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Figure 1. Cytotoxicity of methotrexate (5.5 umol/L), simvastatin (100 umol/L) and their combination after incubation with GMK cell cul-

ture in LDH test
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Figure 2. Cytotoxicity of methotrexate (5.5 umol/L), simvastatin (300 umol/L) and their combination after incubation with GMK cell cul-

ture in LDH test
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Figure 3. Cytotoxicity of methotrexate (16.5 pmol/L), simvastatin (100 pmol/L) and their combination after incubation with GMK cell cul-

ture in LDH test

Austria), simvastatin (Simvacard, Zentiva, Praga,
Czech Republic), Cytotoxicity Detection Kit (LDH)
(Roche Diagnostic GmbH, Mannheim, Germany),
MTT (Thiazolyl blue tetrazolium bromide, Sigma-
Aldrich, Steinheim, Germany). The cell culture medi-
um RPMI-1640 (with L-glutamine and phenol red),
fetal bovine serum (FBS) and antibiotics solutions:
penicillin, streptomycin and amphotericin B (obtained
from the PAA — The Cell Culture Company GmbH,
Pasching, Austria). MTX and simvastatin were ex
tempore prepared in RPMI-1640 medium.

Cell culture

The research was performed on green monkey
kidney cells (GMK) obtained from the ,,Biomed”
Serum and Vaccine Production Plant Ltd. in Lublin,
Poland. GMK cell line was grown in RPMI-1640
medium (with L-glutamine and phenol red) supple-
mented with 10% fetal bovine serum heat-inactivat-
ed, 100 U/mL penicillin, 100 pg/mL streptomycin
and 2.5 ug/mL amphotericin B in 25 cm? tissue cul-
ture flasks (EasYFlasks™Nunclon™A, Nunc
GmbH Wiesbaden, Germany). GMK cells were cul-
tured as monolayer in CO, cell incubator at 37°C in
an atmosphere of 5% CO, Afterwards, GMK cells
were counted in Neubauer hemocytometer
(BlauBrand, BRAND GmbH) by means of the com-
pact inverted microscope Olympus CKX41. The
assays of cytotoxicity GMK cells were prepared at
density of 2 x 10° cells/cm’.

LDH test
The cytotoxicity detection kit (LDH) is a col-
orimetric assay for the quantitation of cytotoxici-

ty/cytolysis, based on the measurement of LDH
activity released from the damaged cells. To deter-
mine the cytotoxic activity of MTX, simvastatin and
their combination, drugs were added to GMK cells
line and incubated for 6, 12 or 24 h. Both drugs were
added together in the same volume 100 puL/well at
the following concentrations: (MTX — 5.5 wmol/L
and simvastatin — 100 umol/L); (MTX — 5.5 umol/L
and simvastatin — 300 pumol/L) as well as (MTX —
16.5 pumol/L and simvastatin — 100 umol/L).
Cytotoxicity of MTX, simvastatin and their simulta-
neous treatment was calculated from equation sug-
gested in the instruction of the manufacturer.
Cytotoxicity was expressed in %.

MTT viability assay

For assay of cell viability, MTT test based on
INVITTOX protocol n°17, ECVAM - European
Centre for the Validation of Alternative Methods,
Database Service on Alternative Methods To
Animal Experimentation was used. To determine
the effects on cell viability, the combination of
MTX and simvastatin were added to GMK cells line
in the above concentrations and were incubated for
6, 12 or 24 h. GMK cells viability was expressed in
% of control group.

Statistical analysis

Results are expressed as the mean * SEM.
Statistical significance among groups was deter-
mined using analysis of variance (ANOVA) accom-
panied with post-hoc Newman-Keuls test; p-values
less than 0.05 were considered significant.
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RESULTS

Cytotoxicity of drugs in LDH test

After 6 and 12 h of incubation of GMK kidney
cells with the combination of. MTX (5.5 pmol/L)
with simvastatin (100 pmol/L), approx. 10% cyto-
toxic effect was observed, while after 24 h incuba-
tion, it rose to about 15% (Fig. 1). It is worth notic-
ing that after the same periods of GMK cell line
incubation, with only MTX (5.5 umol/L) or only
simvastatin (100 pumol/L), cytotoxicity of the drugs
was below 10%.

After 6, 12, and 24 h of incubation of GMK
cell line with MTX (5.5 pmol/L) combined with
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simvastatin (300 pmol/L), their cytotoxic effect was
higher as compared with the groups incubated with
each of the drugs separately (Fig. 2). The highest
increase (over 20%) was observed after 24 h incu-
bation.

A significant increase in toxicity was also
found when using combinations of MTX (16.5
pmol/L) with simvastatin (100 pmol/L) after the
three periods of incubation with GMK cells as com-
pared to the results of groups of GMK cells incubat-
ed with each drug separately (Fig. 3). After 24 h of
incubation, cytotoxicity of the drugs combined was
the highest (about 30%).
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Figure 4. Effect of methotrexate (5.5 pmol/L), simvastatin (100 pmol/L) and their combination on the GMK cells viability in MTT test
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Figure 5. Effect of methotrexate (5.5 pmol/L), simvastatin (300 pmol/L) and their combination on the GMK cells viability in MTT test
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Figure 6. Effect of methotrexate (16.5 pmol/L), simvastatin (100 umol/L) and their combination on the GMK cells viability in MTT test

The cells viability in MTT test

MTT test was used to measure the effect of
administration of the drugs separately and in combi-
nation on GMK cell viability after 6, 12 and 24 h
incubation. As a result of 6 h incubation of GMK
cells with the combination of MTX (5.5 pmol/L)
with simvastatin (100 pmol/L), viability was
observed to rise when compared with the group of
GMK cells incubated with MTX only. Viability of
GMK cells after 12 and 24 h incubation was signif-
icantly lower as compared with MTX or simvastatin
only (67.7 and 63.5%, respectively). It should be
noted that after 6, 12 and 24 h incubation of GMK
cell line with MTX only (5.5 wmol/L), a significant
lowering of cell viability was observed (by about
30% in case of 6 and 12 h incubation and by about
20% after 24 h incubation). After 6, 12 and 24 h
incubation of the cell line with simvastatin (100
wmol/l), a decrease was observed in cell viability by
13.7, 18.2 and 23.2%, respectively (Fig. 4).

When both drugs, i.e., MTX (5.5 wmol/L) and
simvastatin (300 pumol/L), were applied simultane-
ously, cells viability was higher after 6 h of incuba-
tion, while after 12 and 24 h it decreased by 39 and
45%. It seems, however, that the lowered viability of
GMK cells does not result from a point effect of the
drug combination but from the effect of the two
drugs used separately (Fig. 5).

After 6, 12 and 24 h incubation of GMK cells
with MTX (16.5 pmol/L) and simvastatin (100
wmol/L), their viability was about 80, 55 and 60%,
respectively. It is worth emphasizing that after 6 h
incubation, a significant increase was noted, while

after 12 and 24 h of joint incubation of GMK cells
with both the drugs one could see a significant
decrease in the cell viability as compared with only
MTX or only simvastatin in this case points to the
intensification of their cytotoxic effect (Fig. 6).

DISCUSSION AND CONCLUSION

One of important problems in modern pharma-
cology are drug interactions resulting from a few
drugs taken simultaneously by patients. These inter-
actions may lead to a lot of, sometimes dangerous,
side effects. Cytostatics used in cancer treatment are
definitely drugs with an increased risk of interac-
tions with other drugs and affect also healthy cells
(16). Drugs given in combination may produce
effects that are greater than or less than the effect
predicted from their individual potencies.
Administration of high doses of MTX and simulta-
neous treatment with other drugs increased the risk
of damage of kidney, liver, bone marrow, skin or
mucous membranes. The kidney are the major route
of MTX elimination. Long-term of MTX therapy
can cause permanent impairment of kidney function,
leading to the delay of drug elimination from the
body and the increase of its toxicity. Acute renal
failure is the result of intratubular precipitation of
the drug crystals in acidic pH of urine (5, 6). There
are no data, however, on simultaneous treatment
with MTX and a widely used group of drugs —
statins (17, 18). Simvastatin, examined in the pres-
ent study, is one of them. The study evaluated cyto-
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toxic effect of MTX, simvastatin and their combina-
tion on green monkey kidney cells (GMK) in LDH
test, was also evaluated GMK cell viability after
incubation with the two drugs in MTT test. The ini-
tial MTX concentration (5.5 pmol/L) and simvas-
tatin (100 pmol/L) were determined in our previous
research (19, 20). These concentrations were not
toxic (less than the determined IC,, inhibitory con-
centration of 10%) to the GMK cells line after 24 h
of incubation. The literature shows that these con-
centrations of both drugs used in the study are effec-
tive for various cells line (21-24). In the case of
MTX, the range of cytotoxicity doses for tumor cells
used in the works of different authors was quite high
and it ranged from 10 — 10°mol/L (23-25).

From the research conducted in this study, one
can conclude that MTX (5.5 or 16.5 pmol/L) in the
combination with simvastatin (100 or 300 pmol/L)
inhibited the growth of GMK cells after 12 or 24 h
of incubation. The highest cytotoxicity growth, by
about 30% in LDH test, was noted after applying of
MTX (16.5 pmol/L) into the colony of GMK cells
together with simvastatin (100 pmol/L). Similarly,
the highest decrease of GMK cells viability in the
MTT test also was observed after 12 and 24 h of
simultaneous incubation of MTX in the combination
with simvastatin. The obtained results indicate the
negative influence of combined application of both
drugs on the cells viability. This observations, in
addition to the cognitive aspect, may have practical
importance in the treatment of patients with malig-
nant disease, suffering from lipid disorders.
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In the paper entitled: “Effects of 300 mT static magnetic field on IL-6 secretion in normal human colon
myofibroblasts”; by Arkadiusz Gruchlik, Adam Wilczok, Ewa Chodurek, Wtadystaw Polechonski, Daniel
Wolny, Zofia Dzierzewicz; published in: Acta Poloniae Pharmaceutica — Drug Research, Vol. 69 No. 6 pp.
1320-1324 (2012) Figure 3 was erroneously printed. The correct figure is given below:
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Fig. 3. Influence of the SMF with a flux density of 300 mT on the myofibroblasts viability (A) and proliferation (B). Cell viability was
expressed as an absorbance and cell proliferation as a number of cells. CCD-18Co cells were cultured for 72 h in the presence and absence
of SMF. The results represent the mean + SD (n = 18 for cell viability; n = 6 for cell proliferation assay); * p < 0.05 compared with the
control (K), (Mann—Whitney U test was used for cell viability and Student’s #-test for cell proliferation)
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