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Abstract:

Inducible nitric oxide has been implicated the pathogenesis associated with ulcerative colitis. Moreover
oxidative stress linked with ulcerative colitis is responsible for inactivation of many antioxidants enzymes. The
aim of the present study is to investigate the protective effect of aminoguanidine against acetic acid-induced
ulcerative colitis in rats. In this study the effects of aminoguanidinelg/l supplementation to the rats on some
biochemical markers for oxidative stress were assessed. In addition, the colonic tissues macroscopic and
microscopic changes were investigated. The results of present study indicated that intra-rectal inoculation of the
rats with 4% acetic acid for 3 consecutive days revealed a significant alteration of macroscopic, microscopic as
well as increase of colon weight and decrease colon length. Aminoguanidine administration was significantly
ameliorating the degeneration caused by acetic acid inoculation. Pretreatment of rats with aminoguanidine
preserve the activity of serum paraoxonase by about (36%), and colon tissues catalase (144%), moreover
aminoguanidine treatment elevate reduced glutathione tissues colon content by 267 % compared with acetic
acid administration. Serum nitrate level, colonic tissue content of malondialdehyde and protein carbonyls were
reduced by aminoguanidine prior treatment by 175%, 47% and 60 % respectively compared with ulcerative
colitis rats. Finally we concluded that increase of nitric oxide plays an important role in the pathogenesis of
ulcerative colitis. This resulted in decrease of colonic tissues reduced glutathione contents as well as reduction
of some antioxidant enzymes activities. Restoration of nitric oxide level by aminoguanidine treatment is
responsible for attenuation of oxidative stress caused by acetic acid administration. Our results suggested that
aminoguanidine treatment can reduce the inflammation associated with ulcerative colitis as confirmed with
histopathological investigations.
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Introduction biological antioxidant defenses to detoxify

Oxidative stress have been implicated in
the pathogenesis of a diversity of acute
and chronic inflammatory diseases such as
atherosclerosis, rheumatoid arthritis and
ulcerative colitis (UC)!. This lead to
extensive efforts to define the role of
reactive oxygen species (ROS) and
reactive nitrogen species (RNS) in the
inflammatory ~ process along  with
stimulated the search for agents that may
affect the production and bioavailability of
ROS and RNS 2.

UC is associated with neutrophils
infiltration and  increase production of
superoxide  through  activation  of
nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase as well as
the upregulation of the inducible nitric
oxide synthase (iNOS) ®. The increase of
superoxide and nitric oxide (NO) in UC
was resulted in the increase of
peroxynitrite  formation which mediates
oxidation of lipids, protein and DNA *.
Moreover when the production of both
ROS and RNS exceeds the capacity of the

them; the oxidative damage of the cells
was occurs °.

Antioxidant enzyme systems such as
superoxide dismutase (SOD), -catalase
(CAT), glutathione peroxidase in addition
to reduced glutathione (GSH) as non
enzymatic  antioxidants  provide the
protection against oxidative damage
produced by either ROS or RNS °
.Paraoxonase-1 (PON1) is one of an
antioxidant enzyme present in the serum
on high-density lipoprotein (HDL) that
hydrolyses lipid peroxides ’. Furthermore,
PON1 protects low density lipoprotein
(LDL) and HDL from oxidation induced
by free radical 8. PON1 activity has been
suggested to be inversely associated with
oxidative stress in serum and macrophages
% Also, PON1 activity was decreased in
many inflammatory conditions, such as
rheumatoid  arthritis  *°,  age-related

degeneration **, steatohepatitis 2 and Behcet.s
disease .

However UC is associated with increase of
the activity of iNOS and augmentation of

139



Gamel EI-Din |.Harisa / Journal of Pharmaceutical Science and Technology Vol. 2 (2), 2010, 139-147

NO production ', the use of iINOS
inhibitors has substantial effect in the
protection against tissues damage in this
case . Among of these inhibitors
aminoguanidine (AG), this is known to be
a selective inhibitor of iNOS *®, moreover
AG was reduce the rate of free radical
production and minimize the biological
oxidative damage *’. In this study UC was
induced in rats by intra-rectally
administration of 4% acetic acid (AA).
The effects of AG supplementation on
lipid profile and some biochemical
markers for oxidative stress such as the
activities of paraoxonase, superoxide
dismutase and catalase, as well as levels of
nitrate, proteins carbonyls (PCO) as
marker for protein  oxidation and
malondialdehyde (MDA) as marker for
lipid peroxidation were assessed. In
addition, colonic tissues macroscopic and
microscopic changes were investigated.
Materials and Methods:

Material

Aminguanidine, paraoxon, GSH, SOD,
CAT, Ellman’s reagent ,thiobarbituric
acid , NADPH, FAD, nitrate reductase,
and tetraethoxy-propane were purchased
from Sigma-Aldrich Chemical Co. (St.
Louis, MO, USA). All other chemicals
were available of the highest analytical
grade.

Instruments and apparatus:

Beckman XL-70 ultracentrifuge, 100,000
rpm (USA). Spectrophotomeétre
SHIMADZU (UV-1201 UV-VIS) (Japan).
Homogenizer: Janke and Kunkel KA
8,000 - 20.500 rpm (Germany).

Animals

Male Sprage-Dawely rats, weighing 220 -
250 g were obtained from locally bred
strain and housed 4 per cage in our animal
facility for 15 days before the binging of
experimentation. Animals were fed on
standard diet pellets (EI-Nasr Co. Abou-
Zaabal, Egypt) and housed under a 12 h
light/dark cycle at a constant temperature
(22 £ 2 °C), with food and water ad
libitum.

Induction of ulcerative colitis

Before the induction of UC, the rats were
deprived of food, but not water, for 18
hour. The generation of UC was performed
by intracolonic administration of 2 ml of
4% (v/v) AA in saline (pH 2.3) through a
polyethylene tube (PE-60), the tip of
which was positioned in the colon 8 cm
past the anus under effect light ether
anesthesia. AA was slowly administered
into the colonic lumen, after a 30 second
period of exposure, excess fluid was
withdrawn, and the colon was then flushed
with 1.5 ml of phosphate-buffered saline
(pH 7.4). Control animals were subjected
to the same procedure with the exception
that isotonic saline was substituted for
AA®,

Experimental Protocol

Twenty four rats were randomly divided
into 3 groups 8 animals in each group. In
control group rats were received isotonic
saline intrarectally while in rats in UC
group were inoculated intra-rectally with 2
ml/day of 4% AA in isotonic saline for
three days. In AG treated group rats were
received AG bicarbonate ad libitum in
drinking water at a concentration of 1 g/L for 4
weeks before intrarectally inoculation with
4% AA for 3 days . Experimental
procedure was conducted according to the
guidelines of institutional animal ethical
committee of College of Pharmacy, Al-
Azhar University, Nasr City, Cairo, Egypt.
Samples collection

Blood samples were drown from the
ocular vein, collected into centrifuge tubes
and left to stand at room temperature for
10 minutes, then centrifuged at 3000 rpm
for 10 minutes. The serum were isolated
and stored at -20°C until biochemical
investigations. Then the animals were
sacrificed by cervical decapitation under
ether anesthesia, the abdomens were
opened using a surgical scissor. Colon was
removed via laparotomy,  opened
longitudinally, washed three times with
cold phosphate-buffered saline pH 7.4 and
the colons weights and lengths were
measured. Moreover the colon stretched
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on a piece of cork and examined
macroscopically for assessment of ulcer
index. Then colons tissue  were
homogenized with 10 ml of ice-cold 0.25
M sucrose and centrifuged at 14,000 rpm
for 20 min and stored at -20°C till
estimation of the tissues biochemical
parameters 2.

Assessment of tissue injury

The distal 8 cm of colons were opened
down their mesenteric borders and
cleansed of luminal contents. The severity
of gross macroscopic damage in the colon
was then graded using the following
criteria: 0, normal appearance; 1, focal
hyperaemia, no ulcers; 2, single site of
ulceration without associated
inflammation; 3, single site of ulceration
with inflammation 4, two or more sites of
discrete ulceration and inflammation; 5,
major site of injury or inflammation
extending 1-2 cm along length of colon;
and 6-10, score increased by one for each
additional centimeter of damage or injury
beyond 2 cm®.

Biochemical measurements

Serum parameters

Serum level of total cholesterol (TC) %,
HDL-C*, as well as triacylglycerol
(TAG) ?* were determined based on
previously described methods using a
commercially available kit (Biocon
DiagnostiK, Germany). LDL-C was
calculated using Friede-wald equation
> PON1 activity in was determined using
paraoxon as substrate; the rate of
hydrolysis of paraoxon was measured at
412 nm %. Nitrate level is measured by
using of nitrate reductase method *'.
Colonic tissues parameters

PCO were determined by dinitrophenyl
hydrazine (DNPH) assay. Briefly, colon
tissues were homogenized in a lysis buffer,
the insoluble cellular debris was removed
by centrifugation. Aliquots in protein
samples were precipitated with HCI-
acetone and washed with trichloroacetic
acid (TCA) solution. Pellets were re-
suspended in the buffer solution and

reacted with DNPH by vortexing for 15
min. To remove the un-reacted DNPH, the
centrifuged pellets were washed with 20%
TCA and 5 ml of ethanol: ethyl acetate
mixture (v/v = 1:1). The final precipitate
was resolved in 1 ml of 6 mol/l guanidine
HCI, and the absorbance was measured
spectrophotometrically at 380 nm %.
Assay of SOD activity was based on
the inhibition of pyrogallol auto-oxidation
2 CAT activity was measured by the
method based on the measurement of the
decrease in hydrogen peroxide
concentration at 240 nm using a
spectrophotometer . GSH content is
determined as described by . MDA is
estimated by determination of the tissue
content of thiobarbituric acid reactive
substance 2. The total protein
concentration was measured according to
the method of Lowry et al *.
Histopathological investigations
Tissue specimens were taken from the
colons of each of the 3 groups of rats and
then fixed in 10% formalin saline solution
for 24 hours. Trimming was done on the
fixed tissue specimens and washed in tap
water for 12 hours. Serial alcohols
(methyl, ethyl and absolute) were used for
dehydration of the tissue samples. Tissue
specimens were cleared in xylene and
embedded in paraffin. The paraffin blocks
were sectioned at 3 micron thickness by
slide microtome. The obtained tissue
sections were collected on glass slides and
stained by heamatoxylin and eosin for
histopathological examination by the light
microscope >*.
Statistical analysis
Results were expressed as means =
standard error of the mean (SEM) and
were analyzed for statistically significant
differences using one-way analysis of
variance (ANOVA) followed by the
Tukey—Kramer post analysis test to
compare all groups. P values less than 0.05
were considered significant. GraphPad
Prism® was wused for statistical
calculations (Version 5.00 for Windows,
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GraphPad Software, San Diego California
USA).

Results:

Serum TC and LDL-C level of UC rats
were elevated by about 39 % and 116%
respectively while HDL-C was reduced by
32 % compared with control group .On
another hand pretreatment with AG reduce
serum TC by about 14% and elevate
serum HDL-C by 31% regarding to UC
group.

In respect to PON1 activity AA treatment
produces reduction of serum PON1 by
33% compared with control rats, on
another hand AG treatments prior to acetic
acid significantly preserve serum PON1
activity by 36% as compared to acetic
acid-induced UC. Furthermore serum
nitrate level was significantly increased by
AA-administration (163%) when
compared with the control group.
Conversely, in the group treated with AG
serum nitrate levels is reduced by 175 % in
relation to colitis group (Table 1).

Table (2) demonstrates the level of PCO,
GSH, SOD and CAT in colon tissue in
different studied groups. The rats colon
content of PCO content as well as MDA
content were significantly increased by
178%, 256% respectively in AA-
inoculated rats in relation to control one.
On the other hand, there are significant
decreases of PCO and MDA colon level in
group treated with AG by about 47% and
60 % respectively compared with UC
group.

In the present study, there was a
significant decrease in GSH colon content
by AA administration (324%) compared to
the control group. Pretreatment of rats
with AG significantly maintain the colonic
tissues GSH contents (267%) as compared
to the colitis group. SOD activity in
colonic tissues was significantly decreased
in acetic acid-induced colitis group (83%)
compared to the control group. In contrast,
there were significant elevations in SOD
activities in groups treated with AG
(403%).Table (2) also indicated that AA

inoculation significantly decreased CAT
colonic activity by about 58% as compared
to control group. On the other hand, AG
significantly increased CAT activities to
144% as compared to AA -treated group.
Intra-rectal administration of 4 % AA to
rats significantly increased the colon
weight and markedly decreased the colon
length amounting to 50 % and 24%,
respectively. On the other hand,
administration AG tend to moralize the
alteration of  colon weight and length
caused by acetic acid (Figurel&?2).

34

g Control
—_1— B3 Colitis
*
- _tf_ B AG treated

Colon weight (gm)

o
T

Figure 1: Effect of acetic acid inoculation
and AG treatment on rat's colon weight (gm)
Data are represented as mean + SEM of 8 rats per
group

& Significantly different from control group

® Significantly different from colitis group
P<0.01  **P<0.001
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Figure 2: Effect of acetic acid inoculation
and AG treatment on rat's colon length
(cm)

Data are represented as mean £ SEM of 8 rats per
group; Significantly different from control
group at ‘P <0.01
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Table 1: Serum TC, HDL-C, TAG, LDL-C, nitrate levels and PONL1 activity in different studied

groups
Studied groups

Parameters Control Colitis Colitis AG treated
TC 59.79 + 3.05 83.21 + 2.34%* 71.55 + 2.97%* Px
HDL-C 39.61+ 1.95 26.85 + 2.78%* 36.49 + 2.68"*
TAG 67.50 £ 5.56 82.44 +£9.13 79.34 £ 6.77
LDL-C 8.851 +1.76 19.15 + 2.04** 13.20 + 2.93
PONI 124.8 +6.35 83.50 + 5.24%** 113.3 + 4.75%*
Nitrate 16.47 +1.22 43.12 + 3.69%* 15.65 + 1.320**

Units: TC, HDL-C, TAG, LDL-C mg/dl, PON1 U/l and nitratept mol/l; Data are represented as mean + SEM of
eight rats per group; * Significantly different from control group; ® Significantly different from colitis group

‘P <0.01; **P < 0.001.

Table 2: Colon tissue content of PCO, MDA and GSH content as well as SOD and CAT activity

different studied groups

Studied groups

Parameters Control Colitis Colitis AG treated
PCO 460+0.69 12.77 +1.07%* 6.81 + 0.99°**
MDA 855 +1.07 30.47 +4.47 %* 12.07 + 1.39°*=
GSH 153.4+9.79 36.15 + 5.45 ®** 132.7 + 7.31P**
SOD 6.02 + 0.67 1.03 £0.16** 518 + 0.72°**
CAT 26.49 +2.58 10.30 + 1.44°%* 24.67 + 2.60°%*

Units: PCO nmol/ mg protein, GSH pmol/mg protein, SOD U/ mg protein and CAT U/ mg protein
@ Significantly different from control group; ® Significantly different from colitis group; **P < 0.001

Discussion:

Oxidative damage to proteins increased
PCO formation due to oxidation of
sensitive amino acids; moreover lipids are
peroxidized by ROS and liberate MDA.
NO in cells is rapidly converted to nitrite,
after conversion to nitrate can be
determined as an indicator for NO
production. Superoxide can be reacts with
NO to produce peroxynitrite, which is
considered a more powerful oxidant than
superoxide * .Peroxynitrite diffused to the
cells and nitrate variety of proteins
molecules either at the aromatic rings or
thiol groups, furthermore nitration of
Eeroteins is influence the protein functions

In the present study, the serum nitrate level
was significantly increased by inoculation
of rats with AA. These results were in
concurrence with a previous study
reported that of the activity iNOS is
unregulated in UC associated with
excessive generation of NO . Moreover
another study demonstrated that the

elevation nitrate level is indicator for the
inflammation %8, Intra-colonic
administration of 4% AA was resulted
increase of NO which converted to
peroxynitrite mediates oxidative damage
to biomolecules. This was demonstrated
by significant reduction of colonic tissues
content of GSH, SOD activity and CAT
activity as antioxidants parameters. On
another side PCO and MDA content as
marker for oxidation of proteins and lipid
were elevated. These findings are in
accordance with previous study reported
that oxidative stress is responsible for
cellular damage associated with intestinal
diseases® ¥,

The treatment with AG ameliorates the
levels of the nitrate as well as the above
mentioned parameters compared with UC
rats. These data are supported with several
studies stated that, iNOS inhibit diamine
oxidase activity in addition to ROS
scavenging activity ‘%%,
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Figure 3: Colon section of rats in control
group showing the normal histological
appearance of the mucosal layer and
Lamina propria (Mu) with underlying
muscularis (M), H and E x 40 (A). Acetic
acid-induced colitis in rats; colon section
showing diffuse goblet cells formation in
mucosal epithelium (G) with edema and
diffuse inflammatory cells infiltration in
Lamina propria (arrow) and hypertrophy
in the muscularis (M) H and E x64 (B).
Treatment with AG before acetic acid
inoculation showing goblet cells formation
in the mucosal epithelium with no edema
formation, H and E x 64 (C).

Moreover, supplementation of
antioxidants protect against free radicals
induced injury to the intestinal mucosa
“2 With reference to these demonstrations

the action of AG is mediated through
inhibition of reduction of NO production
and antioxidant activity.

PONL1 has free cysteine residues that may
be potentially target for the attack by these
reactive species, may be resulting in
altered enzymatic activity . Serum PON1
activity was reduced in response to
oxidative stress, furthermore its activity
was improved in response to antioxidants
supplementation **. Our investigation
revealed that AA treated rats have lower
serum PON1 activity than control rats,
however PON1 is a HDL associated
enzyme, the reduced serum PONL1 activity
is attributed to the decrease of HDL-C
levels. These results are in agreement with
a study suggested that decreased serum
PONL1 activity is due to oxidative stress
associated with UC “*.Moreover the
reduction of PON1 activity is due to the
consumption of PONL1 in the prevention of
oxidative stress  46. Conversely
antioxidants supplementations have been
found to preserve PON1 activity’’. The
restoration of PON1 activity by AG
supplementation before AA administration
is due to its role in the protection against
excessive RNS and ROS formation.

The colonic degeneration induced by AA
administration ~ was  confirmed by
histopathological examinations. However,
platelets activating factor formation is
responsible for the inflammatory processes
associated with UC, these degenerations
may be due to the ability of AA to
increase the platelets activating factor
formation. Furthermore, the reduction of
HDL-C in UC rats may be also another
cause of the increase of platelets activating
factor because platelets activating factor
acetyl-hydrolase is one of HDL-C
associated enzymes *. The preservation of
the intestinal physiology by AG as
demonstrated by histopathological
examination is probably the cause of
HDL-C increase since the HDL proteins
are produced in the intestine.
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Conclusion:

Increase of NO derived from INOS plays
an important role in the pathogenesis of
UC.This effect is mediated through
increase of production both ROS and RNS
resulted in decrease of colonic tissues
GSH contents as well as attenuation of
PON1, SOD and CAT activities.
Moreover, increase the tissues both lipids
and proteins oxidation. Restoration of NO
level by AG is responsible for the
preservation of PON1, SOD, CAT
activities as well as attenuation of proteins
and lipids oxidation. These results
indicated that AG treatment reduce of
inflammatory reactions associated with
UC as confirmed with histopathological
investigations.
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