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Abstract: Recent studies have revealed diverse therapeutically interesting pharmacological properties of a stan-
dardized Hypericum perforatum extract (HpE) potentially useful for treatments of patients with metabolic and
psychiatric disorders. Consequently, the presented experiments were designed to test usefulness of the extract
for the treatment of comorbid conditions of mood disturbances and anxiety in diabetic rats. Type 2 diabetes mel-
litus was induced in overnight fasted rats by a single i.p. injection of streptozotocin (STZ; 65 mg/kg), 15 min
after an i.p. injection of nicotinamide (120 mg/kg). HpE was administered orally (100 and 200 mg/kg b.w..) to
diabetic animals for 14 days. Anxiolytic activity was evaluated using open-field exploration test (OFT) and ele-
vated plus maze (EPM) test. Antidepressant activity was assessed using Porsolt’s forced swim test (FST).
Fasting blood glucose levels in different groups were analyzed on the 14" day. Diabetic rats showed significant
increase in anxiety in OFT and EPM compared to non diabetic normal control rats. Diabetic rats treated with
HpE have shown significant anxiolytic activity in OFT and EPM test. In FST, immobility period of vehicle
treated diabetic rats was significantly increased (p < 0.05) compared to normal control rats. Treatment with HpE
significantly decreased (p < 0.001) immobility period compared to vehicle treated diabetic control rats. HpE
treatment significantly reduced elevated blood glucose levels in diabetic rats. The presented observations
strongly suggest that HpE could be suitable alternative therapeutic option for prevention, as well as treatment,
of comorbidities caused by, or associated with, depression, anxiety and diabetes.
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Diverse medicinal uses of the perennial herb
Hypericum perforatum L. (Clusiaceae) have been
known since ages. During the past few decades
numerous clinical reports and studies have demon-
strated beneficial effects of its hydro-alcoholic
extracts for helping patients with mild to moderate-
ly severe depressive symptoms. Critical analysis of
available information on bioactivities and clinical
efficacy of such extracts revealed that their antide-
pressant like efficacy and modes of actions cannot
be like those of conventionally known synthetic
antidepressant, anxiolytic or any other psychoactive
drug known to date (1). Although hyperforin was
initially identified as quantitatively the major anti-
depressant component of such extracts, currently
available information on its therapeutically interest-
ing bioactivity profile indicates that it could be a
pharmacologically interesting molecule potentially
useful for treatments of diverse types of disorders

other than depression (2). In addition, it cannot be
ignored that therapeutically used Hypericum peifo-
ratum extracts contain numerous other bioactive
components with diverse spectrums of pharmaco-
logical activity profiles.

Our earlier studies have shown the efficacy of
HpE in variety of CNS disorders including anxiety
and depression in non-diabetic rodents (3-5). HpE
showed beneficial effect in nicotinamide-streptozo-
tocin induced diabetic rats and also inhibited rise in
blood glucose level without causing overt hypo-
glycemia in oral glucose tolerance test in non-dia-
betic rats (6). In view of the observed broad spec-
trum of activity profile of Hypericum extracts in ani-
mal models, it seems to be a particularly good can-
didate for treatment of comorbid disorders involving
disturbances of CNS functions and diabetes.
Experiments described in this communication were
therefore conducted to verify this possibility and to
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check whether antidepressant and anxiolytic effects
of the extract is maintained in diabetic animals or
not. Choices of the experimental models, treatment
regimen and doses of the extract were selected on
the basis of earlier studies.

MATERIALS AND METHODS

Animals

Adult Charles Foster rats (180 = 10 g) were
obtained from Central Animal House of Institute of
Medical Sciences, Banaras Hindu University,
Varanasi. The animals were housed in groups of six
in polypropylene cages at an ambient temperature of
25 £ 1°C and 45-55% relative humidity, with a
12:12 h light/dark cycle. Animals were provided
with commercial food pellets and water ad libitum,
except stated otherwise. All the animals were accli-
matized to laboratory conditions for at least one
week before using them for the experiments.
Principles of laboratory animal care guidelines (NIH
publication number 85-23, revised 1985) were fol-
lowed. Prior, approval from the Institutional Animal
Ethics Committee was obtained.

Plant extract

The tested hydro-alcoholic
Hypericum perforatum (Clusiaceae) was obtained
from Indian Herbs Research & Supply Co. Ltd.,
Saharanpur, UP, India. It was standardized (HPLC)
to contain not less than 3.00% hyperforin and 0.3%
hypericines. Thus, the tested extract can be consid-
ered to be a representative of Hypericum extracts
commonly commercialized in the western world for
therapeutic purposes as antidepressant.

extract of

Induction of diabetes

Non insulin-dependent diabetes was induced in
overnight fasted rats (6, 7). Briefly, rats were given
a single i.p. injection of streptozotocin (65 mg/kg;
Merck, Germany), 15 min after i.p. administration
of 120 mg/kg of nicotinamide (SD Fine Chem,
India) (8). Hyperglycemia was confirmed by blood
glucose analysis on the 3 and 7" day after the strep-
tozotocin injection. Rats with consistent hyper-
glycemia on 7" day (fasting blood glucose levels >
200 mg/dL) were considered diabetic and were used
for further studies. Rats were divided into four
groups (n = 6 rats per group) Group I — normal con-
trol rats (non-diabetic) treated with 0.3% car-
boxymethyl cellulose (CMC); Group II — diabetic
control rats treated with 0.3% CMC; Group III and
Group IV — diabetic rats treated with HpE 100 and
200 mg/kg/day, respectively, for 14 days.

Behavioral tests

Open-field exploration (OFT) and elevated
plus maze (EPM) tests were used to evaluate anxi-
olytic activity, whereas antidepressant activity was
assessed using Porsolt’s forced swim test (FST). All
the behavioral tests were performed on 14" day, 1 h
after the last oral drug administration.

Open-field exploration test

Open-field exploratory behavior was quanti-
fied according to the procedure reported elsewhere
(4). In short, each animal was centrally placed in the
open-field apparatus for 5 min, during which the
parameters quantified were: ambulation, rearing,
self grooming, activity in centre and fecal drop-

pings.

Elevated plus-maze test

Each rat was placed in the centre of the plus
maze facing an open arm. During the 5 minutes
test the number of entries into open and closed arm
and the time spent in each arm were scored. A rat
was taken to have entered an arm when its four
legs were on the arm. In addition to the total num-
ber of arm entries, the number of entries into the
open arms expressed as a percentage of total arm
entries and the time spent on the open arms
expressed as a percentage of the time spent on
both the open and closed arms were assessed (4,
5). These two parameters were used as indices of
anxiety.

Porsolt’s forced swim test

Antidepressant activity was assessed using
Porsolt’s forced swim test (FST). The period of
immobility (floating in water without struggling and
making only those movements necessary to keep its
head above water) during 5 min test period was
recorded (3).

Estimation of blood glucose

Fasting blood glucose level was estimated by
colorimetric assay based on glucose oxidase-perox-
idase method using commercially available bio-
chemical kit (Span Diagnostics Ltd., India).

Statistical analysis

The mean * standard error of the mean (SEM)
were calculated for the observed values in each
experimental group. Statistical analysis was per-
formed by one way analysis of variance (ANOVA)
followed by Student-Newman-Keuls test. GraphPad
InStat (version 3.06) software was used for statisti-
cal analysis.
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Table 1. Effect of HpE on open field exploration test in rats.

915

Ambulation Rearing Self Grooming | Activity in center | Fecal dropping
Treatment ) ) o N g
Normal control 4267 +2.16 13.17 + 1.01 4834130 183 £ 044 1502020
(CMC)
Diabetic control | 35 50 4 5 45 8.83 +0.95° 18.17 + 0.86" 3.00 +0.53° 3.83 +0.30
(CMC)
Diabetic + i
HpE 100 marke | 4033+2.11 115+ 115 20.83 +0.86 5.17 £ 0.60 317 £0.28
Diabetic +
* + s + + 5 4
HpE 200 mg/kg 45.17 £2.27 13.5+1.23 21.67 £1.69 5.83 £0.55 3.00 £0.33

*p <0.05, “p <0.01, vs. normal control; * p <0.05, * p < 0.01 vs. diabetic control (one-way ANOVA following by Student-Newman-Keuls

test)

Table 2. Effect of HpE in elevated plus maze test in rats.

Treatment Open arm entries Closed arm entries Time spent in open arm
N) N) (s)
Normal control (CMC) 517 + 1.47 1583 + 1.94 32.5+6.09
Diabetic control (CMC) 3.33 + 1.03" 18.5+3.33 20.00 + 3.58"
Diabetic + HpE 100 mg/kg 6.83 + 1.47°% 14.67 + 1.75° 44.83 +12.92°%
Diabetic + HpE 200 mg/kg 8.67 + 1.37% 14.00 + 1.41° 54.67 + 13.34"%

“p<0.05,"p<0.01, " p<0.001, vs. normal control; *p < 0.05, *p < 0.001, vs. diabetic control (one-way ANOVA following by Student-

Newman-Keuls test)

RESULTS

Open-field exploration test

Vehicle treated diabetic control rats showed
significant decrease (p < 0.05) in rearing and self
grooming compared to normal control rats. Diabetic
rats treated with HpE (100 and 200 mg/kg) showed
significant (p < 0.05) increase in rearing and self
grooming compared to vehicle treated diabetic con-
trol rats. The number of squares crossed (ambula-
tion) did not change significantly in rats of different
treatment groups. Activity in centre was also
increased significantly in HpE treated group com-
pared to vehicle treated diabetic control group.
However, there was no significant difference in
number of fecal droppings in different treatment
groups in OFT (Table 1).

Elevated plus-maze test

Diabetic control rats show significant decrease
(p<0.05) in number of open arms entries and the
time spent in the open arms (p<0.05) compared to
normal control group. Treatment with HpE (100 and
200 mg/kg) significantly increased the number of
open arms entries and the time spent in the open
arms (Table 2). Percent open arm entries and percent

time spent in open arm are depicted in Figure la &
1b, respectively.

Porsolt’s forced swim test

Diabetic rats showed increased immobility
period (p < 0.05) compared to normal control rats.
HpE treatment dose dependently decreased immo-
bility period (p < 0.05 and p < 0.001 for HpE 100
and 200 mg/kg, respectively) compared to normal
control rats (Fig. 2).

Blood glucose level

Fasting blood glucose level of different treat-
ment groups are given in Table 3. HpE treatment
significantly reduced (p < 0.001) fasting blood glu-
cose level compared to vehicle treated diabetic rats.

DISCUSSION

Extensive efforts for the search of novel phar-
macotherapies using traditionally known herbal
remedies and modern medicinal chemistry are now
being made in many laboratories. However, most
such efforts concentrate only on some symptoms of
the complex health problems, and continue to use
target oriented reductionist principles of modern
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Table 3. Effect of HpE treatment on fasting blood glucose level in rats.

Treatment Blood glucose level (mg/dL)
0 day 14" day
Normal control (CMC) 79.34 + 3.17 81.76 + 3.51
Diabetic control (CMC) 284.99 + 12.04™ 305.32 +9.92™
Diabetic + HpE 100 mg/kg 286.09 + 6.82" 151.28 + 8.72""*
Diabetic + HpE 200 mg/kg 298.91 + 15.14™ 119.5 +4.89™*

“p <0.01, " p < 0.001, vs. normal control; *p < 0.001, vs. diabetic control (one-way ANOVA following by

Student-Newman-Keuls test)
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Figure 1. (A) Effect of HpE on percentage of open arm entries in
elevated plus maze test in rats. (B) Effect of HpE on percentage of
time spent in open arm in elevated plus maze test in rats. “ p < 0.05,
“p<0.01," p<0.001 vs. normal control; * p < 0.001 vs. diabetic
control (one-way ANOVA followed by Student-Newman-Keuls
test)

drug discovery. Thus, for example, although antide-
pressant and anxiolytic like efficacy of hyperforin
and Hypericum perforatum have been known since
long time, little efforts have been made to test their
special therapeutic potential for helping diabetic
patients with depression as comorbidity.

The experiments described in this communica-
tion were conducted as a part of ongoing project
directed towards bioassay guided standardization of
herbal remedies widely used in India by the practi-
tioners of its endogenous systems of medicine.
Since traditionally known uses of herbal prepara-
tions are in general based on the epistemology of
knowledge supplied by ancient Indian medical sys-
tems, therefore, attempts are also made to experi-
mentally verify, or rediscover, therapeutic possibili-
ties offered by traditionally known medicinal herbs.
However, the ultimate goal of this project is to iden-
tify affordable and therapeutically promising herbal
extracts, which could be further developed for
appropriate clinical trials, necessary for ascertaining
therapeutic validity of preclinical observations.
Amongst a few herbal extracts studied to date under
this project, HpE is the most promising and exten-
sively studied one.

The reported observations reveal that diabetic
animals show increased anxiety and depression
compared to non diabetic rats and that the antide-
pressant and anxiolytic effects of HpE are retained
in diabetic animals as well. On the contrary, avail-
able literature clearly indicates that such is not the
case for commonly clinically used antidepressants
and anxiolytics (9—13). Although further compara-
tive and other studies are necessary to clarify the sit-
uation, it remains certain that pharmacological clas-
sification of HpE as an antidepressant, or as a synap-
tosomal reuptake inhibitor only is no longer very
justifiable.

It is now well established (14-16) that psycho-
logical risk factors, such as depression and anxiety
are independently associated with an increased risk
of different forms of diabetes and associated mortal-
ities and other socio-economic problems (17). A
meta-analysis reported that 11% of patients with
diabetes met the criteria for comorbid major depres-
sive disorder and 31% experienced significant
depressive symptoms (18). Although depressive
symptoms, anxiety and numerous cognitive dys-
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Figure 2. Effect of HpE in forced swim test in rats. “ p < 0.05, “p

< 0.001, vs. normal control; * p < 0.001, vs. diabetic control (one-
way ANOVA followed by Student-Newman-Keuls test)

Immobility period (sec)

functions are now well established comorbidities in
diabetic (14) patients, until now more attention has
been paid to depression only. This might be due to
the fact that available evidences from extensive pop-
ulation studies suggested that the relationship
between diabetes and depression is bi-directional
(19) and that this is not necessarily the case for dia-
betes and anxiety (16). However, despite numerous
efforts, no definitive statement can yet be made on
the complexity of the cause effect relationship
between diabetes (and other metabolic disorders)
and diverse types of psychosomatic and/or mood
related disorders. In view of the situation, it seems
reasonable to suggest that at present HpE could as
well be plausible and feasible therapeutic alternative
for diabetic patients with depression and anxiety as
comorbidities. Therefore, efforts should be made to
test the validity of our observations in patients suf-
fering from such comorbidities.

Diabetes mellitus in rats, as well as in humans,
is associated with alterations in brain monoaminer-
gic system. Streptozotocin-induced diabetic rats
have shown a significant inhibition of serotonergic
functions in different brain regions (20). These neu-
rochemical alterations were reversed when diabetic
rats received insulin replacement therapy (21).
Similar changes in serotonergic system are also
linked to depression (22). Therefore, a functional
link between diabetes and depression (23) may exist
at the level of the brain monoamine system.

The observed anxiolytic activity of HpE in dia-
betic rats could be explained on the basis of aug-
mented serotonin level in various parts of the brain
by HpE treatment (24). Another interesting possibil-
ity is that the treatment with HpE could alleviate
anxiety via modulation of GABAergic neurotrans-
mission, since HpE has also been reported to inhib-

it reuptake of GABA (24). Facilitation of
GABAergic neurotransmission by HpE is further
supported by the fact that Hypericum has significant
affinity for GABA, receptor in in-vitro receptor
binding assay (25). Hypericum extract (26) as well
as hyperforin has been reported to modulate CNS
activities by virtue of stress alleviating property
(27). Prolonged daily treatment with HpE or hyper-
forin has been reported to improve hyperglycemia
and other metabolic disturbances in diabetic animals
(6). Taken together, available information on the
bioactivity profile of the HpE strongly suggest that
this extract could be a real therapeutic option for
diabetic patients with depression, anxiety and other
functional disorders of the CNS.

In any case, recent observations made in our
laboratories with HpE add experimental evidences
to the conviction that controlling the stress related
pathologies of the central nervous system could be a
feasible approach for obtaining suitable pharma-
cotherapies for diverse multi-morbid conditions.
Although epistemologically this conviction is quite
familiar to many researchers and practitioners of
mind body medicine, and more modern neuro-psy-
cho-pharmacological findings continue to support
this conviction, little concentrated efforts have till
now been made to define herbal remedies in term of
mind body medicine. Identifying and better charac-
terizing the bioactive HpE constituents, and defining
their modes and sites of actions and interactions,
could be useful in bridging this gap.

CONCLUSION

Antidepressants and anxiolytic like effects of
HpE are not altered in diabetic animals. These
observations taken together with its recently
observed beneficial effects in animal models of cog-
nitive function, inflammation, stress and diabetes
makes it a suitable candidate for developing a thera-
peutic principle potentially useful for helping dia-
betic patients with multiple comorbidities.
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