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Cyclohexanecarboxamide derivatives were
reported as potent inhibitors for both Rho- family of
protein kinases, cytokinesis and G1-S transition (1).
Rho-kinase inhibits expression of transforming
growth factor-beta (TGF-beta), a powerful agonist
of plasminogen activator inhibitor-1, PAI-1, which
is a serine protease inhibitor that blocks fibrinolysis
and represents an important regulator of pathogene-
sis of atherosclerosis (2). PAI-1 expression was
reported to increase upon inhibition of Rho-kinase
by the cyclohexanecarboxamide derivative Y-27632
[(R)-(+)-trans-N-(4-pyridyl)-4-(1-aminoethyl)-
cyclohexanecarboxamide, I] (2). Other reports
demonstrated that the Rho kinase inhibitor Y-27632
had an inhibitory or down regulating effect against
PAI-1 (3-5) that may be useful in treatment of
hypertension and atherosclerosis. Also, inhibition of

Rho kinase markedly reduced thrombin (a known
serine protease and blood clotting factor)-induced
ICAM-1 expression (6).

Thrombin action as a serine protease involved
in both angiogenesis and cancer progression is asso-
ciated with RhoA activation and both up regulate
expression of von Hippel-Lindau, a tumor suppressor
gene that is abolished using specific RhoA inhibitors
(7). Also, myosin light chain phosphorylation was
reported to be induced by thrombin and prevented by
the RhoA cyclohexanecarboxamide inhibitor I, Y-
27632 (8). Moreover, thrombin was found to induce
exocytosis of P-selectin on endothelial cells which
was accompanied by significant activation of RhoA
and inhibitors of Rho kinase reversed thrombinís
ability to inhibit the internalization and adhesive
function of P-selectin in endothelial cells (9). 
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Abstract: A cyclohexanecarboxamide derivative, N-phenyl-N-[1-(piperidine-1-carbonyl)cyclohexyl] benza-
mide (MNRC-5), was evaluated for its inhibitory effects on Schistosoma mansoni cercarial serine protease
activity and cercarial penetration. MNRC-5 exerted an inhibitory effect on S. mansoni cercarial serine protease
at serial concentrations of the specific chromogenic substrate Boc-Val-Leu-Gly-Arg-PNA for such enzyme
family and the inhibitory coefficient (Ki) value was deduced. Moreover, topical treatment of mice tails with the
most potent inhibitory concentration of MNRC-5 formulated in jojoba oil successfully blocked cercarial pene-
tration as demonstrated by a significant reduction (75%; p < 0.05) in the recovered S. mansoni worms from
treated mice in comparison to control ones whose tails were painted with jojoba oil base containing no MNRC-
5. In addition, the IgM and IgG reactivities to crude S. mansoni cercarial, worm and egg antigens were gener-
ally lower in sera from treated infected mice than untreated infected mice. In conclusion, we report on a new
serine protease inhibitor capable for blocking penetration of host skin by S. mansoni cercariae as measured by
lowering worm burden and decrease in the levels of both IgM and IgG towards different bilharzial antigens
upon topical treatment. 
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The initial step in human infection by the par-
asite Schistosoma mansoni is penetration of host
skin by a potent serine protease secreted from the
preacetabular glands of the invading cercariae (10-
13). In previous work, we defined the substrate
specificity of this enzyme kinetically, characterized
its activity in terms of Michaelis-Menten constants
(Km), maximum reaction velocity (Vmax), inhibitory
coefficients (Ki) of several standard serine protease
inhibitors (14) and potency of these inhibitors was
confirmed by direct biochemical assays. 

Attempts to develop a topical formulation to
prevent such step date back more than 30 years (15).
Niclosamide, a cercaricidal compound, was tested in
field (16, 17). Some efficacy against S. mansoni but
not S. haematobium infection was reported but this
was insufficient to warrant a recommendation for
widespread use.

Earlier studies demonstrated that irreversible
tetrapeptide chloromethyl ketone serine protease
inhibitors blocked cercarial invasion in vitro when
applied to skin as a solution in DMSO (18). In addi-
tion to new information on the biochemical basis of
cercarial invasion, there has been significant
progress in the development of lotions to optimize
delivery of drugs to the skin (19-22). Both peptide-
based, irreversible serine protease inhibitors and
non-peptide reversible inhibitors could block
97ñ100% of S. mansoni cercarial invasion in vitro
when applied in different topical delivery formula-
tions and when the optimal inhibitor formulation
was applied to tails of BALB/c mice followed by
infection with 120 cercariae by tail immersion, 80%
reduction in worm burden and 92% reduction in egg
burden were achieved (23).

In recent reports (24, 25) we described potent
inhibitory effect of pyrimidine derivatives on the S.
mansoni cercarial serine protease activity that
caused a significant reduction (93%; p < 0.05) (24)
in worm burden when formulated in jojoba oil and
used to paint mice tails before infection with cer-
cariae.

Although thrombin and plasminogen activator
are proteins of human origin while the cercarial pro-
tease is an invertebrate protein, these three proteins
are belonging to the same class, serine proteases, of
proteolytic enzymes. As mentioned above, although
cyclohexanecarboxamides were reported to function
specifically as inhibitors against Rho kinase, they
showed in many cases a co-inhibitory or down reg-
ulating effect on the serine proteinases ñ thrombin
and plasminogen.

Moreover, it was recently reported that modifi-
cations of the lead TNF-alpha converting enzyme

(TACE) inhibitor 1 (N-hydroxy-trans-2-{[4-(4-
quinolinyloxymethyl)anilinyl]carbonyl}-1-cyclo-
hexanecarboxamide, II), at the cyclohexyl ring and
the quinoline moiety led to identification of a series
of piperidine containing TACE inhibitors with
potent activity in the inhibition of TNF-alpha release
in the whole blood assay (WBA) and the most
potent analogue [N-hydroxy-(5S,6S)-1-methyl-6-
{[4-(2-methyl-4-quinolinylmethoxy)anilinyl]car-
bonyl}-5-piperidinecarboxamide, III) exhibited an
excellent inhibitory effect on matrix metallopro-
teinases (MMP) 1, -2 and -9 (26).

These evidences stimulated our interest to
synthesize a new cyclohexanecarboxamide deriva-
tive, N-phenyl-N-[1-(piperidine-1-carbonyl)cyclo-
hexyl]benzamide (MNRC-5, IV) and test its
inhibitory effect on the cercarial serine protease
activity as a model for such enzyme family.
Noteworthy, the structure framework of MNRC-5,
IV possesses a noticeable relation to the previous-
ly reported Rho kinase inhibitor Y-27632 I, TACE
inhibitor II, and MMP inhibitor III. The advantage
of MNRC-5 is that it is less bulky that allows the
compound to reach the active site of the enzyme
easier than the previously reported cyclohexa-
necarboxamide derivatives of higher molecular
weights (I-III).

The inhibition of the cercarial protease was
investigated by measuring the drop in the enzyme
activity using specific colorimetric substrate (14),
the drop in mean percentage of worm burden (23)
and the drop in the mean IgM and IgG reactivity to
several crude S. mansoni antigens (24).
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EXPERIMENTAL

Melting points (m.p.) were uncorrected and
determined with Electrothermal Capillary melting
point apparatus. Infrared (IR) spactra were recorded
for KBr pellets with Philips PU 9712 IR and
Shimadzu IR 435 spectrometer and values are repre-
sented in cm-1. Mass spectral data were obtained with
electron impact (EI) ionization technique at 70 eV
from a Finnigan Mat SSQ-7000 spectrophotometer.
Elemental analysis was carried out in Microanalysis
Unit of the Central Laboratory at our institute. 

Preparation of N-phenyl-N-[1-(piperidine-1-car-

bonyl)cyclohexyl]benzamide, MNRC-5 (Scheme 1)

Compounds 1, 2 and 3 were prepared and used
for the synthesis of MNRC-5 (Scheme 1). To a
stirred solution of 0.01 M of 1-(N-phenylbenzami-
do)cyclohexanecarboxylic acid 4 (27) in 20 mL of
dry THF, 0.01 M (2.1 g, 1.4 mL) trifluoroacetic
anhydride was added dropwise at 5OC for 5 min,
then 0.01 M piperidine was added in one portion to
reach final concentration of 0.01 M. The reaction
mixture was left overnight under continuous stir-
ring, evaporated under vacuum then the resulted oil
was dissolved in 20 ml of methylene chloride,
washed with 10% sodium carbonate, diluted HCl
and finally with distilled water (20 mL each). The
organic layer was dried over anhydrous MgSO4,
evaporated under vacuum and the residual solid was
crystallized from isopropanol to give amide MNRC-
5 in 95% yield. M. p. = 182-3OC, IR (KBr, cm-1)
showed two amide bands at 1638 and 1680 with dis-
appearance of the carboxylic (OH) band. EI/MS,
m/z (%): 389 M+-1, [C25H30N2O2-H]+ (8); 306 (100).
Analysis: calc. for C25H30N2O2 (C, H, N): 76.89,
7.74, 7.17%; found: 76.53, 7.81, 7.26%.

Preparation of S. mansoni cercarial secretions

(14)
Infected Biomphalaria alexandrina snails were

placed in beakers containing deionized water. After
15 min, the water containing the snailsí faeces was
replaced by fresh water and the snails were exposed
to light for 1 h. The cercariae-containing water
(500ñ1,000 cercariae/ mL) was slowly decanted into
50 mL Falcon tubes and cercariae were allowed to
sediment on ice for 20 min. Water was carefully col-
lected from the top of the sediment avoiding to inter-
rupt the cercariae. This water was centrifuged at
3,000 ◊ g for 5 min to remove any cercarial materi-
als and the supernatant was discarded.

The sedimented cercariae were resuspended
in 5 mL of water, allowed to again sediment on ice

for 20 min; the water was removed and discarded.
This step was repeated 2 times to make sure that
the sedimented cercariae became free of any left
snail materials that could be released from snails
while shedding cercariae. After the last wash, the
cercariae were suspended in 10 mL of water and
checked for their activities microscopically. A total
of 10,000 actively swimming cercariae were
poured onto a Petri dish which was previously
painted with linoleic acid (0.9 g/mL; Sigma, St.
Louis, Mo., USA) and air dried. The plates were
kept at 37OC for 30 min. After this incubation the
water containing secretions and dead cercariae was
collected in 15 mL Falcon tubes and the dead cer-
cariae were sedimented on ice. The water contain-
ing the cercarial secretions (CSs) was collected and
spun down at 3,000 ◊ g for 2 min to ensure that the
secretions were completely free from cercarial
debris. The protein concentration of the CSs was
measured using the BCA protein determination kit
(Pierce, Ill., USA).

Cercarial protease assay (15)
Enzyme activity in S. mansoni CSs was

assessed using the serine protease specific substrate
(28) L-1195 (Boc-Val-Leu-Gly-Arg-PNA; Bachem
Biochemica, Heidelberg, Germany). The enzymatic
hydrolysis of the covalent bond between the argi-
nine and the p-nitroanilide group of this substrate
by the serine protease results in release of p-
nitroaniline (yellow-colored) and the color intensi-
ty was recorded by measuring the absorption at 405
nm. A stock solution of the substrate (10 mg/mL)
was prepared in dimethylsulfoxide (DMSO) and
diluted to the desired final concentration with the
substrate buffer (30 mM TRIS-HCl, 60 mM NaCl,
0.05% NaN3, pH 10.5). Specific protease activity
was expressed in nmol p-nitroaniline/min/µg pro-
tein. The enzymatic assay was carried out at the
alkaline pH optimum previously described for the
cercarial protease (14) and all incubations were car-
ried out at 37OC.

Enzyme inhibition assay 

Inhibition of the cercarial serine protease activ-
ity by MNRC-5 was studied. Stock solution of the
compound was prepared in DMSO/ethanol (1:1,
v/v). For performing inhibition assays, 50 µL of CSs
were incubated for 10 min with 5 µL of the cyclo-
hexanecarboxamide derivative appropriately diluted
to give the desired final concentration. Control
assays contained 50 µL CSs, 5 µL of DMSO/ethanol
(1:1, v/v) and the substrate were carried out as above
described.
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Enzyme kinetics

For calculating the Michaelis-Menten constants
(Km), maximum velocity (Vmax) and inhibitory coeffi-
cient (Ki), serial dilutions of the substrate Boc-Val-
Leu-Gly-Arg-PNA were prepared ranging from 1 to
0.0625 mM. In addition, serial dilutions of MNRC-5
were prepared ranging from 0.5 to 0.0625 mM. CSs
(50 µL; 20 mg protein/mL) were mixed with the
cyclohexanecarboxamide derivative (10 µL at each of
the prepared concentration), incubated for 10 min at
room temperature and then mixed with the serially
diluted substrate. Control assays contained
DMSO/ethanol (1:1, v/v) (10 µL; instead of the cyclo-
hexanecarboxamide derivative) were carried out as
described above. All plotted results for serine protease
activity were the means of duplicate measurements. 

Blockade of invasion of mice skin by S. mansoni cer-

cariae by new cyclohexanecarboxamide derivative 

Based on its recorded potent cercarial serine
protease inhibitory effect, MNRC-5 was further tried
to block invasion of mice skin by S. mansoni larvae.

For this purpose, pathogen free female Swiss albino
mice weighing 18-20 g were used at age of 6-12
weeks. All the experimental animal work was carried
out according to the standard regulations and guide-
lines of the National Research Center of Egypt.
Animals were fed on standard rodents chew, supplied
with water and maintained at 23OC ambient tempera-
ture. MNRC-5 was dissolved at its most potent
inhibitory concentration as above mentioned, mixed
with jojoba oil and used to paint tails of 3 mice and
these were considered as treated mice (TM). Jojoba
oil containing the solvent only without the MNRC-5
was used to paint tails of 3 mice and these were con-
sidered as untreated mice (UM). The topical paint
was spread on mice tails by a wipe. Tails of both TM
and UM were left for 10 min to absorb the painting
then each mouse received 80 S. mansoni cercariae by
the tail immersion method (29).

Assessments of worm recovery

Seven weeks post infection; both infected TM
and UM were perfused. A recovery of adult S. mansoni

Scheme 1. i = KCN, glacial acetic acid, room temp.; ii = conc. H2SO4, room temp.; iii = conc. HCl, reflux; iv = C6H5COCl, triethy-
lamine/benzene, reflux; v = piperidine, trifluoroacetic anhydride/THF, room temp.
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P = C ñ T/C ◊ 100
where P = percentage reduction in worm counts in
liver and intestine. C = the mean count of recovered
worms from control infected mice whose tails were
painted with oil containing the solvent without
MNRC-5 before infection with S. mansoni cercari-
ae. T = the mean count of recovered worms from
infected mice whose tails were painted with the oil
containing MNRC-5 before infection with S. man-
soni cercariae.

Detection of IgM and IgG levels by enzyme

linked immunosorbent assay (ELISA)

ELISA was performed (24) to determine the
levels of IgG and IgM in sera from both S. mansoni
infected TM and UM at 2, 4 and 6 weeks post infec-
tion against S. mansoni anstigens namely cercarial
antigen preparation (CAP), soluble adult worm anti-
gen preparation (SWAP) and soluble egg antigen
(SEA). Plates were coated with 100 µL/well of CAP
(25 µg/mL), SWAP (50 µg/mL) and SEA (25
µg/mL) followed by overnight incubation at room
temperature. The plates were washed 3 times using
0.01 M phosphate-buffered saline (PBS), pH 7.4,
containing 0.05% Tween-20 (PBST) and antigen
free sites were blocked against non specific binding
using 200 µL/well of PBST containing 1% BSA
(PBST-BSA), then left for 1 h at 37OC. After 3
washes, 100 µL/well of diluted sera 1:100 in PBST-
BSA were incubated in the plate wells at 37OC for 2
h. Peroxidase-labeled anti-mouse IgM or IgG conju-
gates (Sigma, St. Louis, Mo., USA) were added

Figure 1. Changes in Michaelis-Menten constant (Km) and drop in
the maximum enzymatic reaction velocity (Vmax) of the cercarial
serine protease upon inhibition by N-phenyl-N-[1-(piperidine-1-
carbonyl)cyclohexyl]benzamide (MNRC-5). Km, the serine pro-
tease specific substrate (Boc-Val-Leu-Gly-Arg-PNA) concentra-
tion at which the velocity of the enzymatic reaction is at half-max-
imum, while Vmax is the maximum enzymatic activity recorded in
nmol/min/µg protein. 

Figure 2. Dixon plots for Schistosoma mansoni cercarial serine protease inhibition by N-phenyl-N-[1-(piperidine-1-carbonyl)cyclo-
hexyl]benzamide (MNRC-5). The Km/Vmax ratio was plotted against the concentrations of MNRC-5 used and the Ki value was graphically
determined as the intercept with the abscissa.

worms was performed through hepatic portal vein (30).
Total worm counts in the intestines and livers were
determined. A percentage reduction in worm counts
was assessed according to the following equation:
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phenylenediamine (Sigma, St. Louis, Mo., USA)
was used in presence of H2O2, the reaction was
stopped with 2 M HCl and the change in optical den-
sities was measured at λmax 490 nm by micro-well
plate ELISA reader (TECAN-SUNRISE, Austria). 

RESULTS AND DISCUSSION

Inhibition kinetics of the S. mansoni cercarial
serine protease activity by MNRC-5 was measured
with respect to Vmax, Km and Ki. The Vmax and Km

values were determined in four independent experi-
ments by plotting the enzymatic activity
(nmol/min/µg protein) against the substrate concen-
tration (mM) at 4 different concentrations of the
inhibitor (MNRC-5). Our results clearly showed that
serial dilutions of MNRC-5 abolished the cercarial
serine protease activity at different concentrations of
the serine protease specific substrate Boc-Val-Leu-
Gly-Arg-PNA as demonstrated by drop in the max-
imum reaction velocity (Vmax; Fig. 1). The Ki value
for our newly described protease inhibitor was
obtained from Dixon plot (14) which expresses
Km/Vmax as a function of the inhibitor concentra-
tions. From this plot, Ki value for MNRC-5 was cal-

Figure 3. Reduction in number of the worms recovered from
female Swiss albino mice whose tails were painted with MNRC-5
at its most potent inhibitory concentration formulated in jojoba oil
prior to infection with Schistosoma mansoni cercariae. The
inhibitor successfully blocked cercarial penetration as demonstrat-
ed by a significant reduction (75%; p < 0.05) in number of the
worms recovered from the MNRC-5-treated mice in comparison
to control ones.

Table 1. Mean IgM levels as measured by ELISA against cercarial antigen preparation (CAP) soluble worm antigenic preparation (SWAP)
and soluble egg antigen (SEA) in sera from cyclohexanecarboxamide (5MNRC)-treated S. mansoni infected mice and control-S. mansoni
infected ones. 

Weeks post
infection

Mean IgM levels post infection

CAP SWAP SEA

Treated Control p-value Treated Control P-value Treated Control p-value

2 0.21 ± 0.1 0.47 ± 0.2 0.04 0.82 ± 0.26 0.67 ± 0.25 N.S. 1.1± 0.4 0.93 ± 0.15 N.S.

4 0.19 ± 0.1 0.33 ± 0.05 N.S. 0.78 ± 0.45 0.7 ± 0.3 N.S. 0.98 ± 0.19 0.57 ± 0.33 N.S.

6 0.14 ± 0.03 0.9 ± 0.5 0.02 0.32 ± 0.2 0.57 ± 0.21 N.S. 1.2 ± 0.5 1.2 ± 0.6 N.S.

N.S. ñ not significant (where p > 0.05)

Table 2. Mean IgG levels as measured by ELISA against cercarial antigen preparation (CAP), soluble worm antigenic preparation (SWAP)
and soluble egg antigen (SEA) in sera from cyclohexanecarboxamide (5MNRC)-S. mansoni infected mice and control-S. mansoni infect-
ed ones. 

Weeks post
infection

Mean IgM levels post infection

CAP SWAP SEA

Treated Control p-value Treated Control P-value Treated Control p-value

2 0.32 ± 0.2 0.47 ± 0.15 N.S. 0.55 ± 0.3 0.63 ± 0.15 N.S. 0.74 ± 0.29 0.93 ± 0.15 N.S.

4 0.54 ± 0.5 0.34 ± 0.15 N.S. 0.66 ± 0.6 0.70 ± 0.1 N.S. 0.89 ± 0.5 1.03 ± 0.2 N.S.

6 0.25 ± 0.1 0.37 ± 0.21 0.02 0.69 ± 0.19 0.70 ± 0.17 N.S. 0.84 ± 0.3 1.4 ± 0.2 0.02

N.S. ñ not significant (where p > 0.05)

(100 µL/well) at dilution of 1:5000 and 1:500,
respectively, in PBST-BSA and incubated with the
plate wells for 1 h at 37OC. For visualization of the
antigen antibody binding reaction, the substrate o-
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culated 0.12 mM as the negative value of the inter-
cept with the x-axis (Figs. 2). This value was equal
to the inhibitory coefficient of the standard serine
protease inhibitor phenylmethylsulfonylfluoride
(PMSF) against the cercarial serine protease previ-
ously reported (14).

Moreover, treatment of mice tails with the most
potent inhibitory concentration of MNRC-5 formulat-
ed in jojoba oil successfully blocked cercarial penetra-
tion as demonstrated by a significant reduction (75%;
p < 0.05; Fig. 3) in the number of recovered worms
from treated mice in comparison to control ones
whose tails were painted with jojoba oil containing no
MNRC-5. This represents a further prove that MNRC-
5 has a serine protease inhibitory effect as it blocked
the cercarial penetration process, which is reported by
ourselves and others to be mainly mediated by the cer-
carial serine protease (10-13). Also, it represents a
continuation of our approach for discovery of new
compounds that may be able to block schistosome cer-
carial penetration as an alternative or complementary
approach to vaccine development for protection
against such parasitic infection (23-25). 

The inhibition of the S. mansoni cercarial ser-
ine protease by our newly described cyclohexa-
necarboxamide derivative IV, is not surprising
based on recent report on a close cyclohexanecar-
boxamide derivative III that showed a potent
inhibitory effect on matrix metalloproteinases-1, 2
and 9 (26). 

Our results agree with the data from previous
reports on the co-inhibitory effects of a Rho-kinase
inhibitor, mainly cyclohexanecarboxamide derivative
I, on known serine proteases such as thrombin and
plasminogen activator (2-5, 7, 8). But since we here
demonstrated the direct inhibition of a serine protease
by a cyclohexanecarboxamide derivative, this might
lead to the conclusion that cyclohexanecarboxamide
derivatives are not inhibiting serine proteases through
inhibition of Rho kinase but exert inhibitory effects
on each of the two enzymes independently. 

The IgM and IgG levels in the sera from infect-
ed-TM against CAP were generally lower than in
the sera from infected-UM (Table 1 and 2). Two
week post infection IgM reactivity in the sera TM
against CAP was significantly lower (p < 0.05) than
in its level in the sera from UM, while IgG level in
the sera from TM against CAP was lower than in the
sera from UM but the difference was not significant.
Four weeks post infection the sera TM showed
lower IgM level against CAP than in UM but the
difference was not significant, while there was no
difference in IgG levels among both mice groups. At
6week post infection the levels of both IgM and IgG

against CAP were significantly lower (p < 0.05) in
the sera from TM than UM.

As for SWAP (Table 1 and 2), at 2 and 4 weeks
after infection, there was no real difference in the
IgM and IgG levels among the sera from TM and
UM. At 6 weeks post infection, the sera from TM
showed lower both IgM and IgG levels but the dif-
ference was not significant. 

In case of SEA (Table 1 and 2), at 2 and 4
weeks post infection there was a real difference in
the IgM and IgG levels among TM and UM. At 6
week post infection IgM level against SEA was
lower in the TM than UM while IgG was signifi-
cantly lower (p < 0.05) in the TM than the UM. 

The general decrease in the IgM and IgG levels
in the sera from the infected-TM against the 3 used
antigens than in the sera from the infected-UM could
be directly interpreted in the light of the recorded
75% drop in the worm burden that the number of the
penetrating cercariae dramatically dropped upon
treatment and subsequently the amount of the chal-
lenging antigens for the mice immune response from
the cercarial and the other parasite developmental
stages decreased causing generalized decrease in the
detected IgM and IgG levels. 

Supposing that the topical administration of
MNRC-5 resulted in intra-dermal absorption of the
compound into the mice, the general decrease in the
mice immunoglobulin might reflect immunosup-
pressive effect of such cyclohexanecarboxamide
derivative. This can also, although indirectly, be
interpreted in the light of the following reports. The
suppressive effect of the cyclohexanecarboxamide
Y-27632 on the function of the polymorphonuclear
leukocytes and its inhibition for the inflammatory
cytokines, IL-6 and TNF-·, production were demon-
strated (31). The anti-inflammatory effects of the
cyclohexanecarboxamide IS-741 in both rat colitis
model as well as severe acute pancreatitis were
reported and attributed to its inhibitory effect on
leukocyte infiltration and cell adhesion by inhibiting
adhesion molecules belonging to beta1 or beta2
integrin family like ICAM-1 or VCAM-1 (32, 33).
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