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Abstract

AIM: To investigate the protective effect and possible
mechanism of L-arginine preconditioning on ischemia and
reperfusion injury associated with small bowel transplantation
(SBT).

METHODS: Male inbred Wistar rats weighting between
180 and 250 g were used as donors and recipients in the
study. Heterotopic rat SBT was performed according to
the techniques of Li and Wu. During the experiment,
intestinal grafts were preserved in 4 ℃ Ringer’s solution
for 8 h before being transplanted. Animals were divided
into three groups. In group 1, donors received intravenous
L-arginine (50 mg/kg, 1 mL) injection 90 min before graft
harvesting. However, donors in control group were given
normal saline (NS) instead. In group 3, six rats were used
as sham-operated control. Specimens were taken from
intestinal grafts 15 min after reperfusion. Histological
grading, tissue malondialdehyde (MDA) and myeloperoxidase
(MPO) levels were assessed. The graft survival of each group
was monitored daily until 14 d after transplantation.

RESULTS: Levels of MDA and MPO in intestine of sham-
operated rats were 2.0±0.22 mmol/g and 0.66±0.105 U/g.
Eight hours of cold preservation followed by 15 min of
reperfusion resulted in significant increases in tissue MDA
and MPO levels. Pretreatment with L-arginine before graft
harvesting resulted in lower enhancement of tissue levels
of MDA and MPO and the differences were significant
(4.71±1.02 mmol/g vs 8.02±3.49 mmol/g, 1.03±0.095 U/g
vs 1.53±0.068 U/g, P<0.05). Besides, animals in L-arginine
pretreated group had better histological structures and
higher 2-wk graft survival rates comparing with that in
NS treated group (3.3±0.52 vs 6±0.1, 0/6 vs 6/6, P<0.05
or 0.01).

CONCLUSION: L-arginine preconditioning attenuates
ischemia and reperfusion injury in the rat SBT model,
which was due to antioxidant activities partially.
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INTRODUCTION

Small bowel transplantation (SBT) has become an accepted
therapy for intestinal disease in patients who require total
parenteral nutrition. Although the results of SBT have
dramatically improved during the past few years, ischemia-
reperfusion injury (IRI), rejection and infection continues
to be a major obstacle.

Ischemic preconditioning is the process in which one or
more brief  periods of  ischemia with intermittent reperfusion
confer a state of  protection against subsequent long-term
IRI. This phenomenon has been reported in small intestine[1].
During the study an increase in NO synthesis was detected
after intestinal preconditioning, and the protection induced
by this process could be partly inhibited by the addition of
the NO synthesis inhibitor L-NAME, so the preconditioning
response might depend on the release of endogenous protective
substances such as NO. Further investigation confirmed
the protective effect of ischemic preconditioning on cold
preservation and reperfusion injury in SBT[2].

L-arginine is the substrate of NO in vivo. Studies showed
L-arginine application could improve graft morphology,
mucosal structure and mucosal barrier function after SBT[3,4].
Another report[5] confirmed sustained NO production via
L-arginine administration ameliorated effects of intestinal
IRI. In the studies mentioned above L-arginine was given
to recipients before reperfusion, it is uncertain whether the
administration of L-arginine to donor has the same effect,
so the purpose of this study was to investigate the effect of
L-arginine preconditioning on graft IRI.

MATERIALS AND METHODS

Animal protocols
Male inbred Wistar rats weighting between 180 and 250 g
(Shanghai Laboratory Animal Center of the Chinese
Academy of Sciences) were used as donors and recipients.
Housed and fed at the Animal Center of Jinling Hospital,
the rats were made to get accustomed to the environment



for at least 7 d before experiment. The donor and recipient
were paired according to similar body weight.

Rat SBT was performed according to the techniques
of  Li and Wu. Briefly, the total length of  intestinal graft
was harvested with the vessel pedicle composed of  superior
mesenteric artery (SMA) and portal vein (PV). The graft
intestine was preserved in Ringer’s solution at 4 ℃ for 8 h
before being transplanted heterotopically. In recipient the
graft SMA and PV were anastomosed to the abdominal
aorta and left renal vein respectively.

Animals were randomly assigned to the following groups.
In group 1 (L-arginine), the donors were infused with L-
arginine (50 mg/kg, 1 mL) 90 min before graft harvesting.
In group 2 (control), donor animals received normal saline
(NS), 1 mL injection instead of L-arginine. In group 3 (sham-
operated), six rats were used as sham-operated control, of
which the intestine was mobilized without enterectomy to
exclude the influence of operation.

Measurement of MDA and MPO contents
Tissue malondialdehyde (MDA) and myeloperoxidase (MPO)
activities were determined as indexes of  tissue antioxidant
status and neutrophils accumulation. The samples were
obtained after 15 min of reperfusion and stored at -70 ℃.
Tissue MDA activity was determined by thiobarbituric acid
test[6]. To measure tissue MPO activity, frozen intestine was
thawed and extracted for MPO, following the homogenization
and sonication procedure as described by Krawisz[7]. MPO
activity in supernatant was measured and calculated from
the absorbance (at 460 nm) changes that resulted from
decomposition of H2O2 in the presence of O-dianisidine.

Histology
Full-thickness graft specimens for histological examination
were fixed in 10% buffered formalin and processed for
H&E light microscopy. The sections were graded for tissue
injury using a scale of 0 (none) to 8 (severe)[8] based on the
following criteria: (0) normal mucosa; (1) development of
subepithelial (Gruenhagen’s) spaces at villus tips; (2) extension
of the subepithelial space with moderate epithelial cell lifting
from the lamina propria; (3) massive lifting down sides of
villi, some denuded tips; (4) denuded villi, dilated capillaries;
(5) disintegration of the lamina propria; (6) crypt layer injury;
(7) transmucosal infarction. All histological analyses were
performed in a blinded fashion so as to avoid bias.

Two-week graft survival rate
After operation the graft survival of  each group was
monitored daily until 14 d after transplantation.

Statistical analysis
All results were expressed as mean±SD. Significance was
determined using one-way analysis of  variance (ANOVA)
for repeated measures followed by Newman-Keuls correction
where appropriate. For comparison of  graft survival, Mann-
Whitney U test was used. All the changes and differences
were considered statistically significant when the P value
was less than 0.05.

RESULTS

Tissue MDA and MPO contents of intestinal grafts
The results of  tissue MDA and MPO contents are shown
in Table 1. The tissue concentrations of  MDA and MPO
in intestine of sham-operated rats were 2.0±0.22 mmol/g
and 0.66±0.105 U/g. Eight hours of  cold preservation
followed by 15 min of reperfusion resulted in significant
increases in tissue MDA and MPO levels. But the increases
of  MDA and MPO activities were significantly lower in L-
arginine group than in control group.

Table 1  MDA and MPO levels after heterotopic SBT with or without
L-arginine treatment

     Sham-operated    Control                L-arginine

MDA    2.0±0.22 mmol/g              8.02±3.49 mmol/ga        4.71±1.02 mmol/gc

MPO  0.66±0.105 U/g               1.53±0.068 U/ga        1.03±0.095 U/gc

aP<0.05 vs sham-operated. cP<0.05 vs control.

Histology
After 15 min of reperfusion, grafts in control group showed
moderate to severe histological changes of IRI. A significant
decrease in extent of  IRI-related changes was observed in
grafts of recipients treated with L-arginine 90 min before
graft harvesting (Figure 1 and Table 2).

Two-week graft survival rate of intestinal grafts
The results of this experiment demonstrated that 8 h of
preservation induced severe IRI with none surviving for

Figure 1  Small intestine underwent 8-h cold preservation and 15-min reperfusion,
A: with L-arginine preconditioning; B: without L-arginine preconditioning; C:

normal small intestine.
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more than 2 wk in control group. The longest survival time
of graft in control group was 36 h. On the other hand, all
grafts in L-arginine-treated group survived for more than
2 wk (Table 3).

DISCUSSION

Improvements in immunosuppression and the decrease in
severe acute rejection after clinical SBT have allowed us to
focus on issues other than the aforementioned complications.
SBT is considered not optimal (including the preservation
solution, preservation temperature and the mechanical and
technical aspects). There has been increasing evidence that
small bowel IRI will cause postoperative complications such
as initial graft dysfunction, endotoxemia, peritonitis and an
increased risk for the development of acute and chronic
rejection. To efficiently improve the result of  SBT, further
investigations into the prevention and treatment of IRI are
necessary.

Although the exact mechanism of IRI is still unknown,
studies have shown that the effects of IRI are mediated
partially by reactive oxygen metabolites and abnormal
recruitment of activated polymorphonuclear neutrophils
(PMN). This complex process can be modulated by numerous
factors such as luminal pancreatic proteases[9], phospholipase
A2 (PLA-2)[10], nitric oxide (NO)[11], diamines[12], regulators
of calcium influx[13], adenosine[14], and other processes
associated with PMN activation in the gut[15].

Studies of intestinal IRI linking the local process to
the resulting systemic changes have identified NO as a
potential mediator. Although some studies showed NO was
detrimental[16,17] to IRI, the majority of studies demonstrated
NO was beneficial to IRI[18-20]. NO was considered to have
a potent vasodilative action and a strong anti-platelet effect,
in addition to prevention of neutrophil-endothelial cell
interaction.

The substrate for NO synthesis is the amino acid, L-
arginine, which combines with molecular oxygen in the
presence of cofactors flavin mononucleotide and heme, a
process that is catalyzed by NO synthase. Arginine is oxidized
to produce an NO molecule and L-citrulline, which can be
recycled through two intermediates back to L-arginine.
Supplementation with L-arginine has been used in animal
models to reduce the reperfusion injury to the heart or
liver[21-23]. In SBT, L-arginine has been proved effective on
improving mucosal structure and barrier function when
infused intravenously before reperfusion[3,4].

As we all know, L-arginine can stimulate the immune
function, so it may affect the immunosuppression treatment
when given to the recipient. Therefore in our study we gave
L-arginine to the donor before graft harvesting, hoping it
could protect the graft from IRI without affecting anti-

rejection treatment. The present study demonstrated that
the graft survival rate significantly improved after a relatively
low dose of L-arginine was given to donor animals 90 min
before harvesting. A concomitant lower increase of  tissue
MDA and MPO activities were also observed. The change of
MDA and MPO activities indicated L-arginine preconditioning
alleviated IRI partially through attenuating the oxidative
stress.

We did examine the NO activity in graft after 15 min
of  reperfusion. The result suggested IRI induced a marked
increase in graft NO level compared with normal intestine,
which accorded with other studies[24]. But the difference of
NO activity between control and L-arginine group was not
significant. The possible reasons may be as follows: At the
time of  graft harvesting, the vessel was irrigated with Ringer’s
solution, so the concentration of L-arginine in graft might
be very low. Low concentration of L-arginine together with
the short half-life of  NO and long period of  preservation
might explain the similar changes of NO level between the
two groups. It strongly suggests that alternative cytoprotective
mechanisms of L-arginine should be involved in the
attenuation of IRI instead of direct vasodilative and anti-
platelet effects of NO.

In conclusion, the result of this study demonstrates
that L-arginine preconditioning attenuates ischemia and
reperfusion injury in the rat SBT model, which was due to
antioxidant activities partially. The exact role of NO in it
needs further investigation.
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