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The prophylactic effect of L-Arginine in an experimental model of
acute  ischemic colitis. A histopathological and biochemical
(malondialdehyde levels) evaluation
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SUMMARY

The aminoacid L-Arginine being the sole donor of nitric
oxide synthesis in cases of intestinal ischemia, seems to
play a protective role during experimental acute colon
ischemia and reperfusion. We studied the effect of pretreat-
ment with the aminoacid L-arginine in 144 Wistar rats who
were subjected to experimental acute ischemic colitis
(A.I.C.) and reperfusion of varying time periods (30, 60, 90
minutes). L-arginine was studied in comparison with Mol-
cydomine and Caseine, two substances used for intestinal
protection. Serum malondialdehyde (MDA) levels, a relia-
ble marker which indicate the degree of tissue damage af-
ter ischemia-reperfusion,  were lower in the L-arginine
group, while the same group presented the lower level of
histopathological damages. We conclude that pretreatment
with L-arginine in rats subjected to A.I.C. attenuates the
histopathophysiological damages.
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INTRODUCTION

Acute ischemic colitis (A.I.C.) is a medical emergen-
cy caused by an abrupt decrease of oxygen and nutri-
tients delivery to the bowel, due to arterial embolism,
thrombosis or low cardiac output. The therapy of the
disease consists of conservative measures or surgery, both
aiming to relieve the cause of ischemia, thus reperfusing
the involved intestinal segment.1,2 Paradoxically, this post-
therapeutic bowel reperfusion seems to aggravate tissue
injury. New drugs protecting the bowel during both the
two phases of A.I.C. (Ischemia and Reperfusion) have
to be introduced, in the clinical practice. L-Arginine is
an essential aminoacid as sole donor for the endogenous
synthesis of NO3-6 with a possible, but unclear, beneficial
impact on the intestinal function and integrity.7,8 The aim
of this study was to investigate the enteroprotecting role
of L-arginine during A.I.C., by comparing it with the ef-
ficacy of exogenous vasodilators (molcidomine) or inert
nitrogen-containing molecules (caseine).

MATERIAL - METHODS

Our study was carried out on male Wistar rats
(n=144) weighing 200-300 gr. Rats were kept under
standardized conditions for food, water, light and tem-
perature. All animals were fed standard rat chow and
water ad libitum until before surgery.

The rats were anesthetized with an intramuscular in-
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jection of 30mg/kg ketamine hydrochoride and 1.5 mg/
kg midazolame. After skin shaving and preparation of
the abdominal wall with alcohol solution 70%, a cross-
like laparotomy was performed. The small bowel was
exteriorized and the ligament of Treitz cut to expose the
superior mesenteric artery (SMA).9 The SMA was dis-
sected free. An atraumatic microvascular clamp was then
placed across the SMA just after its origin from the aor-
ta for occlusion. Care was taken in order not to clamp
the superior mesenteric vein. Mesenteric ischemia was
confirmed when the mesenteric pulsations were lost and
the intestines became pale. The bowel was returned to
the abdominal cavity and the incision was closed. After
30, 60 ,90 minutes of ischemia -depending on the sub-
group- a relaparotomy was performed and the microvas-
cular clamp on the SMA was removed for 90 mins of
reperfusion. Mesenteric reperfusion was confirmed with
the restoration of pulsation and color. The bowel was
then returned inside the abdominal cavity. At the end of
90 mins, the animals were sacrificed.

Experimental design

Totally 144 Wistar rats were used in this study divid-
ed into 4 groups:

Group A, the ischemic control group (n=36), under-
went laparotomy with clamping of SMA (9) according
to the following pattern: Subgroup A1 (n=6) and A4
(n=6) for 30 min, A2 (n=6) and A5 (n=6) for 60 min,
A3 (n=6) and A6 (n=6) for 90 min. For subgroups A1,
A2 and A3 reperfusion period was 90 min. Subgroups
A4, A5 and A6 were not subjected to reperfusion. After
animal sacrifice, samples of blood were taken in order
to determinate values of hematocrite, blood gases and
electrolytes and serum malondialdehyde (MDA). More-
over the colon was removed and sent for pathologic eval-
uation.

Group B, (n=36) was given preoperatively L-Ar-
ginine in a dose of 800 mg/kg, divided in 3 equal doses,
22, 8 and 1 hour before operation. The procedure was
the same as for group A, i.e. subgroups B1, B2, B3, B4,
B5, B6.

Group C, (n=36) was given preoperatively Molcy-
domine in a dose of 4 mg/kg. The procedure was the same
with group B, i.e. subgroups C1, C2, C3, C4, C5, C6.

Group D, (n=36) was given preoperatively hydrolysed
Caseine in a dose of 1600 mg/kg. The procedure was the
same as for group B, i.e. subgroups D1, D2, D3, D4, D5,
D6.

All substances were given per os.

Statistical analysis

The statistical analysis and results were based on Stu-
dent�s t-test.

RESULTS

Group A results (control group) confirm the experi-
mental pattern function.

Hematocrite, electrolytes and blood gases values in
group A (venous blood) are presented in Table I.

Average MDA values per subgroup are presented in
Table II.

Histopathological evaluation

All colon specimens were kept in tubes with a solu-
tion of 10% phormaldheyde and transferred to the pa-
thology department where they were sectioned, fixed and
stained with hematoxyline-eosine. Then, they were blind-
ly examined by one pathologist.

In the L- Arginine group (group B) the results of the
histopathological examinations showed an almost intact
epithelium, a mild increase of inflammatory components
inside the chorium and completely intact basal crypts
(Fig. 1).

In group C, where molcydomine was given, the epi-
thelium was almost intact. However, we observed a par-
tial loss of intestinal wall nodes and a mild inflammation
of the chorium  while the basal crypts remained intact
(Fig. 2).

In the Caseine group (group D) we observed damag-
es which varied from  ulceration of the intestinal mucosa
with edema, mild inflammation of the chorium and cap-

Table 1.

Normal values 60 min ischemia 90 min ischemia

Ph=7.00-7.06 7.07 7.18

PCO
2
=74-104 mmHg 65 75

PO
2
=27-29 mmHg <20 <20

HCO
3
=19-29 mM 21.4 29.7

O
2
 sat=29-31% <9.3 15.5

Na=138 mM 137 157

K=5.1 mM 8.7 4.8

Ca=1.12 mM 1.19 0.7

Hct=45-47% 59 71
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Table 2.

Ischemia

Control L-argine Molcydomine Caseine

30� 2.42 A4 2.53 B4 2.65 C4 4.15 D4

60� 4.70 A5 3.10 B5 3.10 C5 3.54 D5

90� 3.00 A6 2.92 B6 3.04 C6 4.67 D6

Reperfusion

Control L-argine Molcydomine Caseine

30�+90� 3.70 A1 3.00 B1 2.90 C1 3.85 D1

60�+90� 4.70 A2 4.50 B2 5.51 C2 3.43 D2

90�+90� 5.32 A3 3.07 B3 5.63 C3 3.54 D3

Figure 1. Minor histopathological damages in the L-arginine
group.

illary dilation (Fig. 3) to grave ulceration with serious
loss of basal crypts (Fig. 4,5).

Statistical evaluation

The statistical evaluation for the groups without
reperfusion showed that L-arginine produce better re-
sults from the caseine group (p~0.001) and lower MDA
levels in comparison to molcydomine. No statistical dif-
ferences were observed between the control and the ar-
ginine group and the only exception was at 60 min of
ischemia (p~0.01).

In the second part of our experiments (reperfusion
for 90 min) the arginine group showed better results af-
ter 90 min of ischemia in comparison to the control group
(p~0.001) and to molcydomine (p~0.001). Also the argi-
nine group showed lower MDA levels in comparison to
the control group and better profile from the other
agents.

DISCUSSION

Acute ischemic colitis (A.I.C.) is a relatively common
disease, but its pathogenesis is not fully understood. A
dysregulation of various vasoactive substances (such as
nitric oxide-NO), which participate in the control of in-
testinal perfusion, has recently been implicated as the
major underlying mechanism of A.I.C.

The  mortality rate is of 70-90%, if not promptly treat-
ed.6-10 The currently available thrapeutic modalities (va-
sodilators, therapeutic angiography and surgical em-
bolectomy) all have as common target, the reperfusion
of the ischemic tissue with oxygenated blood. However,
accordingly to many authors this reperfusion has been
observed to aggravate the intestinal injury. Also the time
play an important role and for example a tissue damage
produced by 3 hrs of ischemia and 1 hr of reperfusion is
more severe, than that of 4 hrs of pure ischemia.

Figure 2. Mild damage was observed in the Molcydomine
group.
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thesis. Furthermore, it has been reported that L-arginine
(as well as ornithine) catabolised into polyamines, seems
to induce the repair of the intestinal mucosa, after
ischemia.

In our study, we developed a reproducible and relia-
ble experimental model of A.I.C. in rats and we created
3 major animal groups, in each of which we administered
3 different potentially enteroprotective substances: L-ar-
ginine (as an endogenous vasodilator), molsidomine (as
an exogenous vasodilator) and caseine (as an inert ni-
trogen-containing molecule). In all groups, apart of the
histological study, we determined hematocrite, blood
gases and serum malondialdehyde levels (MDA), which
is a sensitive index for the nocious lipid peroxidation.
Also in the literature they are few articles on MDA lev-
els after ischemia - reperfusion in a rat model.19 Most
articles focus results on a pathological scale of intestinal
tissue damages or measure tissue MDA levels.20 On the
other hand we focused more at MDA levels in serum,
than in tissue samples, because we were mainly concerned
about the clinical setting of A.I.C. prognosis and treat-
ment, in which tissue sampling from the involved bowel
segment cannot be easily applied. We finally demonstrat-
ed that the group given L-arginine suffered a less severe
injury after experimental A.I.C. of various duration and
we cocluded that, although the use of L-arginine does
not prevent ischemic bowel damage, it promotes the
quicker repair of the intestinal mucosa. This is not at-
tributed only in the NO-production (since molcydomine
had a lesser efficacy), but it resulted from a probable �syn-
ergistic� effect of both the NO and polyamines impact
on  bowel integrity and function, due to the central role
of L-arginine in two different metabolic pathways.

Figure 4. Grave ulceration and loss of basal crypts in the Ca-
seine group.

Figure 5. More grave damages in the Caseine group.

During the last decade, a growing body of evidence
underlined the negative role of decreased synthesis of
nitric oxide (N0) in the pathophysiology of A.I.C.10 Ni-
tric oxide seems to act protectively during the ischemic
period, with its vasodilative and antithrombotic proper-
ties. It produces myochalasis of the intestinal muscularis
propria, while inhibiting leucocytes aggregation and ac-
tivation.11-18 This concept led the investigators, searching
for  novel enteroprotecting agents for A.I.C., to eluci-
date the possible beneficial effect of the L-arginine, as it
is the sole precursor in the endogenous nitric oxide syn-

Figure 3. Mild inflammation and capillary dilation in the Ca-
seine group.



5 2 C. FOTIADIS, et al

109:98-106.
12. Berdeaux A. Nitric oxide: an ubiquitus messenger. Fun-

dam Clin Pharmacol 1993; 7:401-112.
13. Forsterman U, Closs EI, Pollock JS, et al. Nitric oxide

synthase isozymes. Characterisation, purification, molec-
ular cloning and functions. Hypertension 1994; 23:1121-
1131.

14. Hogaboam CM, Jacobson K, Collins SM, Biennerhasset
MG. The selective beneficial effects of nitric oxide inhi-
bition in experimental colitis. Am J Physiol 1995;
268:G673-G684.

15. Kelly RA, Smith TW. Nitric oxide and vasodilators: sim-
ilarities, differences and interactions. Am J Cardiol 1996;
77:2C-7C.

16. Liu P, Yin K, Nagele R, Wong PY. Inhibition of nitric
oxide synthase attenuates peroxynitrite generation, but
augments neutrophil accumulation in hepatic ischemia-
reperfusion in rats. J Pharmacol Exp Ther 1998; 284:1139-
1146.

17. Miller MJ, Chotinamruemol S, Sadowska-Krowicka H,
Kakkis JL, Munshi UK, Zhang XJ, Clark DA. Agent-Ac-
tions 1993; 39:C180-C182.

18. Naito Y, Yoshikawa T, Matsuyama K, Yagi N, Arai M,
Nakamura Y, Kaneko T, Yoshida N, Kondo M. Neu-
trophils, lipid peroxidation and nitric oxide in gastric
reperfusion injury in rats. Free Radic Biol Med 1998;
24:494-502.

19. Douglas DM, et al. Evidence of free radical involvement
in ischemic colitis. Agents Actions 1989; 27: 435-437.

20. Ward T, Lawson SA, Gallagher CM, Conner WC, Shea-
Donahue T. Sustained nitric oxide production via L-Ar-
ginine administration ameliorates effects of intestinal
ischemia-reperfusion. J Surg Res 2000; 89:13-19.

REFERENCES

1. Patel A, Kaleya R, Sammartano R. Pathophysiology of
mesenteric ischemia. Surg Clin North Am 1992; 72:31-
41.

2. Zimmerman BJ, Granger N. Reperfusion injury. Surg Clin
North Am 1992; 72: 65-79.

3. Cynober L. Can Arginine and Ornithine support gut func-
tions? Gut 1994; 35: S42-S45.

4. Feelisch M. Biotransformation to nitric oxide of organic
nitrates in comparison to other nitrovasodilators. Eur
Heart J 1993; 14 (Suppl I): 123-132.

5. Moncada S, Higgs A. The L-Arginine-nitric oxide path-
way. N Emgl J Med 1993; 329: 2002-2012.

6. Morris SM, Billiar TR. New insights into the regulation
of inducible nitric oxide synthesis. Am J Physiol 1994;
266:E829-E839.

7. DiLorenzo M, Bass J, Krantis A. Use of L-Arginine in
the treatment of experimental necrotizing enterocolitis.
J Pediatr Surg 1995; 30:235-240.

8. Raul F, Galluser M, Scheiffer R, Gosse F, Hasselmann
M, Seiler N. Beneficial effect of L-arginine epithelial res-
titution after ischemic damage in rats. Digestion 1995;
56:400-405.

9. Cicalese L. Pyruvate prevents ischemia - Reperfusion mu-
cosal injury of rat small intensive. Am J Surg 1996; 171:
97-101.

10. Roth E. The impact of L-Arginine nitric oxide metabo-
lism in ischemia-reperfusion. Curr Opin Clin Nutr Me-
tab Care 1998; 1:97-99.

11. Rachmailewitz D, Karmeli F, Okon E. Sulphydryl block-
er induced rat colonic inflammation is ameliorated by
inhibition of nitric oxide synthase. Gastroenterology 1995;




