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Abstract

Background: Nitric oxide (NO) as a signaling molecule plays a predominant role in different physiological and pathological pro-
cesses in a variety of organs such as the gastrointestinal (GI) tract. It is produced from L-arginine by nitric oxide synthase (NOS),
which in turn is inhibited by L-NG-nitroarginine methyl ester (L-NAME).
Objectives: This study aimed to stereologically analyze colon under exposure of L-arginine and L-NAME in female Wistar rats.
Materials and Methods: In this experimental study, 40 female rats (200 - 250 g, 8 weeks age) were divided into 5 groups (N = 8).
Normal saline (2 mL/kg), L-arginine (200 mg/kg), L-NAME (20 mg/kg) and L-arginine + L-NAME (with the same doses) were admin-
istered i.p. for 3 days. After 2 weeks, the colon was removed, stained with hematoxylin and eosin (H and E) and evaluated under
light microscopy. Colonic mucosal thickness, gland height and diameter, and total thickness of the wall were measured using op-
tical software and analyzed by one-way ANOVA followed by Tukey’s post hoc test using SPSS-16. P < 0.05 was considered statistically
significant.
Results: The data of the present work revealed relatively narrow ranges of decrease in mean variables compared to the control
group, which was not significant.
Conclusions: Despite the remarkable role of NO in GI tract, the results demonstrated no significant effect of L-arginine and L-NAME
on colon parameters.
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1. Background

Nitric oxide (NO) is one of the smallest biosignaling
molecules and a free radical [1-3], involved in many phys-
iological and pathological processes due to its impor-
tant role in mammal cellular signaling [4]. Some sources
equate NO and endothelial-derived relaxing factor (EDRF)
produced by vascular endothelial cells with a significant
impact on smooth muscle relaxation, consequent vasodi-
latation and increasing the blood flow [3-5].

This function along with platelet aggregation and
leukocyte adhesion to the endothelium made NO an essen-
tial factor in vascular homeostasis [6]. Two relative pro-
cesses for biosynthesis of NO are as follows: by NOs act-
ing on L-arginine, oxygen and NADPH and also by nitrate
reduction [3-5]. Three isoforms of NOs exist; at the GI sys-
tem, the two constitutively expressed isoforms i.e. neu-
ronal NOs (nNOs) and endothelial NOs (eNOs) are pointed
mainly at the enteric nervous system and vascular en-
dothelium, respectively. NO is generated at many sites in
the GI tract. Evidence suggests the colonic epithelium to

be the source of NO production, which is highly regulated
by cytokines [7]. NO mediates multiple physiological func-
tions in the GI tract and plays a key role in mucus secretion
and mucosal integrity, which itself leads to homeostasis
maintenance. Undoubtedly, disruption of these beneficial
aspects can expose GI tract to pathological conditions [8].

The principal inhibitory role of NO as a neurotransmit-
ter in controlling GI tract motility is now strongly under
consideration for related disorders. Based on animal re-
search, NOs inhibition is associated with colon contraction
[9]. L-NAME is inhibitor of NOs, which causes endothelial-
dependent contraction in vessels and inhibits endothelial-
dependent relaxation. L-NAME provides a new mechanism
for development of hypertension [10].

2. Objectives

Based on the mentioned research related to the role of
NO in different parts of GI system especially colon, we de-
signed the present study to analyze stereologically colon
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under exposure of L-arginine and L-NAME in female Wistar
rats.

3. Materials and Methods

This study is an interventional experimental research.
Forty female Wistar albino rats weighing 200 - 250 g with
an average age of 8 weeks were obtained from laboratory
animal center, faculty of pharmacy at Tehran University
of Medical Sciences. In this study, animal care conditions
were 12 hour periods of light (07:00 - 19:00) and darkness
(19:00 - 07:00), 23± 2ºC temperature and enough food and
water. All animal experiments were carried out according
to the guidelines of the Iranian council for use and care
of animals and were approved by the animal research eth-
ical committee of Tehran University of Medical Sciences.
Then, five rats were kept in each cage under controlled
conditions of light, temperature and humidity. Animals
were assigned to the following groups: Control, Sham (2
mL/kg normal saline), L-arginine (200 mg/kg), L-NAME (20
mg/kg) and combination of L-arginine + L-NAME with the
same dose (Sigma, Germany) via i.p. injection at days 3 -
5 after evaluation. On day 18, rats were anesthetized with
ether. After abdominal opening, colon was resected and
fixed in 10% formalin; the colon samples were harvested,
processed, and sectioned -by microtome; then, slices 5, 8, 11,
14, and 17 (5 µm thickness) from each section were chosen,
stained, and observed under light microscope (Olympus
CX31, Japan). Four parameters (mucosal thickness, gland
height and diameter, and total thickness) of the colon wall
were measured via micrometric criteria by Image tool III
software. Statistical analysis was performed by one-way
ANOVA followed by Tukey’s post hoc test using SPSS-16 (Mi-
crosoft, IL, USA) to evaluate the level of significance be-
tween different groups. P < 0.05 was considered statisti-
cally significant.

4. Results

Table 1 provides information about the changes in the
mean ± standard deviation (SD) of 4 variables. It is clear
from the data that there were relatively narrow ranges of
decrease in mean variables in comparison to the control
group, which were not significant.

The lowest alterations in mucosal thickness and gland
height and diameter were seen in L-arginine + L-NAME
group with 498.39, 486.05, and 95.04 µm respectively,
whereas this rate was higher for total thickness of the
wall. The greatest changes in mucosal thickness and gland
height were seen in L-arginine and L-NAME groups, respec-
tively with 462.98 and 439.69 µm values. Figure 1A - E and

Figure 2A - D also indicate colon wall characteristics in dif-
ferent groups.

5. Discussion

In this study the effect of L-arginine and L-NAME on
colon characteristics was evaluated. The data showed that
there were no significant changes in mean variables in-
cluding mucosal thickness, gland height and diameter,
and total wall thickness in comparison to the control
group.

The results showed that there were no significant
changes in L-arginine group in comparison with control
group which was consistent with Puiman et al. results.
They reported that intestinal infusion of arginine caused
only a slight increase in intestinal mucosal growth and
there was no significant change with regard to protein syn-
thesis or cell proliferation [11]. Based on the conditions
under which this process takes place, reaction of NO with
other radicals can have two different consequences: one
beneficial and one deleterious [8]. Arginine is an essen-
tial precursor for poly amines and NO, which are involved
in many different processes namely gut mucosal repair,
enhancing cell migration, increasing the blood flow, cell
number and height augmentation, and activation of pro-
tein synthesis. Low arginine content decreases NO synthe-
sis and subsequently the blood flow in the small intestine
of rat [11, 12]. Whereas another research has demonstrated
the function of NO in high levels, which is induced by iNOs,
may cause damage to the intestinal epithelial cells [13]. It
should be mentioned that there is no cytotoxic effect of NO,
by itself, on intestinal tissue; on the other hand, eNOs de-
rived NO regulate crucial functions of the GI mucosa, such
as epithelial and microvascular permeability. The former
markedly reflects the functional integrity of the GI mucosa
barrier, which its disruption assumed as a quantitive in-
dex for colonic injuries. Decrease in epithelial permeabil-
ity exerts through NO is regard to its stimulatory effects on
the cGMP content of intestinal epithelia and inhibitory ef-
fects on secretion of histamine and platelet-activation fac-
tor (PAF) by mucosal mast cells [14]. Furthermore, NO acti-
vates gastric guanylate cyclase and stimulates colonic elec-
trolyte secretion through cholinergic receptors which in
turn mediated by prostaglandin E2 (PGE2) [15, 16].

Animal and human experimental and clinical studies
have reported different data of NO effects on GI tract. In rat
model, administration of NO into the gastric lumen led to
a dose-dependent increase in mucus gel thickness. Proven
evidence shows another beneficial effect of exogenous NO
by protecting rat gastric mucosa form some toxic injuries;
perhaps this function is related to the ability of NO in
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Table 1. Comparison of Four Variables Among the Study Groupsa

Study Groups Mucosal Thickness Gland Height Gland Diameter Total Thickness Significanc

Control 538.89 ± 30.63 490.56 ± 29.57 105.98 ± 10.11 661.53 ± 58.19 NS

Normal saline 492.8 ± 52.13 452.75 ± 57.35 82.48 ± 1.29 621.97 ± 25.54 NS

L-arginine 462.98 ± 60.26 474.98 ± 81.49 88.63 ± 7.43 652. 58 ± 31.91 NS

L-NAME 484.52 ± 49.06 439.69 ± 46.70 92.03 ± 12.90 652.62 ± 31.75 NS

L-arginine + L-NAME 498.39 ± 31 486.05 ± 55.29 95.04 ± 19.29 693.92 ± 21.10 NS

aValues are expressed as mean ± SD and the Variables unit is µm.
NS; Non-significan

maintaining mucosal blood flow and inhibiting leukocyte-
endothelial cell interactions [8]. In humans, NOS inhi-
bition did not change rectal motor or sensory response
to distension, while it increased the motility of the dis-
tal ileum and proximal colon [9]. Although markedly in-
creased NO synthesis has been shown by scientists in some
types of colonic disorders (for instance, in irritable bowel
syndrome), the cellular source of NO in the mucosa is still
unknown [7].

Other reports reveal that, L-NAME reduces cell prolif-
eration and it can act as a protective factor in colon can-
cer due to chemical agents [17]. Furthermore it induces a
dose-dependent increase in systemic blood pressure and
a decrease in resting gastric mucosal blood flow which
causes leaker mucosal barrier through cGMP diminish [8,
14]. These reports are consistent with our results. In the
current experiment, L-NAME had a roughly slight decreas-
ing impact on variables compared to the control group,
but these changes were not significant.

Also a similar result was observed in L-arginine + L-
NAME group, which can be due to cessation of intestinal
absorption or increase breakdown of L-arginine by L-NAME
[11]. Some scientists believe that exogenous L-arginine can
prevent the effects of NO synthesis inhibitors on epithelial
regeneration [18] which was inconsistent with our results.

In conclusion, our data indicated that L-arginine and
L-NAME had no significant effect on the understudy colon
characteristics. Furthermore, evaluation of apoptosis
markers and different doses of NO precursor and inhibitor
is suggested.
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Figure 1. Transverse Sections of Colon in Different Groups

A, Control; B, normal saline; C, L-arginine; D, L-NAME and E, L-arginine + L-NAME (H & E, 100 ×). As it could be seen, there were no significant changes in mucosal thickness,
gland height and diameter, and total thickness; the arrows for the parameters were blue, black, green, and brown respectively.
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Figure 2. The Mean Value of Different Variables
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