
PO Box 2345, Beijing 100023, China                                                                                                                                                                                World J Gastroenterol  2001;7(5):652-656
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                     Copyright © 2001 by The WJG Press   ISSN 1007-9327

• ORIGINAL RESEARCH •

Intestinal expressions of eNOSmRNA

and iNOSmRNA in rats with acute liver failure

Jian-Min Qin1 and Yang-De Zhang2

1Department of Hepatobiliary & Enteric Surgery, Xiangya Hospital,
Hunan Medical University, Changsha 410008, Hunan Province, China
2Department of Hepatobiliary & Enteric Surgery, Xiangya Hospital,

Hunan Medical University, Changsha 410008, Hunan Province, China
Correspondence to: Jian-Min Qin, M.D., the Biological Signal
Transduction Center, Eastern Hepatobiliary Surgery Hospital, the Second
M i l i t a r y  M e d i c a l  U n i v e r s i t y ,  S h a n g h a i  2 0 0 4 3 8 ,  C h i n a .
Jianminqin@yhaoo.com
Telephone: +86-21-25070846
Received 2001-02-20    Accepted 2001-04-26

Abstract

AIM   To observe the gene expression change of
eNOSmRNA and iNOSmRNA in the small and large
intestines with acute liver failure (ALF), and to reveal
the biological function of NO on the pathogenesis of ALF
and multiple organs dysfunction at the molecular level.

METHODS  Sixty male Wistar rats were selected,
weighing from 250 g to 350 g, and divided into 5
groups randomly: SO, ALF (6h, 12h), L-Arg, L-NAME,
L-Arg and L-NAME, each group with 10 rats. The dose
of L-Arg was 300 mg·kg-1, and L-NAME was 30 mg·kg-1,
the reagents diluted by normal saline were injected
through tail vein 30 minutes pre- and post-operation.
The rats in the ALF group were respectively sacrificed
postoperatively at 6 h, 12 h, and the rats in the other
groups were sacrificed postoperatively at 6 h. The
tissues of small and large intestines were harvested in
4% paraforaldehyde containing the reagent of DEPC
and fixed at 6 h, embedded in paraffin, and 4 µµµµµm
section was cut. The expression of eNOSmRNA and
iNOSmRNA in these tissues was determined with in
situ hybridization, and analyzed with the imaging
analysis system of CMM-3 and SPSS statistical software.

RESULTS The expression of eNOSmRNA in the large
intestine and iNOSmRNA in the small and large
intestines increased significantly at 6 h after ALF, but
the expression of iNOSmRNA in the small and large
intestines reduced notably at 12 h after ALF (P<0.05);
the expression of eNOSmRNA in the large intestine
and iNOSmRNA in the small and large intestines
decreased significantly with the reagents of L-Arg at
6 h ALF, but the expression of eNOSmRNA and
iNOSmRNA in the small and large intestines decreased
totally with the reagents of L-NAME or association
with L-Arg 6 h ALF.

CONCLUSION  The expression of eNOSmRNA in the large
intestine increased notably at the early stage of ALF, NO
induced by the enzyme of eNOS from the transplantation
of eNOSmRNA can protect the function of the large
intestine, the high expression of iNOSmRNA is involved in
the damaged function of the small and large intestines. NO
precursor can reduce the expression of iNOSmRNA in the

small and large intestines and the damage to intestines;
NOS inhibitor or association with NO precursor can
totally lower the expression of eNOSmRNA and
iNOSmRNA in the small and large intestines, it cannot
notably influence the NOS inhibitor in the gene
expression of eNOSmRNA and iNOSmRNA to supply the
additional NO precursor.
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INTRODUCTION
Acute liver failure (ALF) can severely influence the metabolism,
secretion, synthesis and biological transformation, resulting in
multiple organs dysfunction (MOD). The effect of gastrointestinal
ischemiaon the whole body is extensive and profound, which
not only causes the increase of intestinal permeability and the
movement of bacteria and toxin in the intestinal cavity, but also
release a large quantity of inflammatory media; neuroendocrine
element after ALF is closely related to intestinal damage. nitric
oxide (NO) is a gaseous molecule with multiple biological
function and “two sword” characters, and nitric oxide synthase
(NOS) is a key enzyme that can synthesize NO and there are
three subtypes including endothelial nitric oxide synthase
(eNOS), inducible nitric oxide synthase (iNOS) and neural nitric
oxide synthase (nNOS). Abundant nitric NOS is distributed
in gastrointestinal tract, NO induced to produce by NOS is a
nonadrenergic and noncholinergic (NANC) active media,
it participates extensively in various physiological and
pathological functions in the intestinal tract. eNOS is Ca2+ type
and mainly distributed in endothelium, regulated and con trolled
by Ca2+/CaM, activated by bradykinin, histamine, PAF, P
substance and blood flow shear energy, and catalyzes to
produce a little amount of NO that regulates vascular dilation
and protects adhesive to vascular wall from platelets and
neutrophils. iNOS is a non-Ca2+ type and mainly distri buted in
macrophages and endothelium, not regulated and controlled
by Ca2+ /CaM, activated by endotoxin as well as several
cytokines (such as IFN-γ, TNF-β, IL-1β), and catalyzes
continuously to produce a large amount of NO that has
cytotoxic effect. NO induced to produce by iNOS down-
regulates the gene expression of iNOS. The negative feedback
is conducted by mainly inhibiting DNA binding activity of NF-
êB, it may restrict excessive production of NO under the
pathophysiological conditions. The physiological and
pathological effect of NO to the body depends chiefly on the
quality and strength of stimulative elements, the dosage and
reactive sites[1-4]. Few reports about the effects on intestinal
eNOS and iNOS after ALF are available, and the gene
expression of eNOS and iNOS in the intestinal tract. The



study intends to disclose the biological function of NO in ALF
and MOD by establishing an ALF rat model and determining
the expression of eNOSmRNA and iNOSmRNA in small and
large intestines so as to provide a theoretical basis for clinical
treatment in ALF.

MATERIALS AND METHODS
Experimental animal
Sixty male wistar rats were obtained from the Experimental Animal
Center of Hunan Medical University, weighing from 250 g to
350 g, and divided into 5 groups randomly: sham operation,
ALF (6 h, 12 h), L-Arg, L-NAME, L-Arg and L-NAME group.
Each group had 10 rats.

Drug and reagents
L-arginine (L-Arg)  NO precusor, 300 mg·kg-1 , obtained from
Shanghai Chemical Reagent Company.

N-nitric -L-arginine methyl ester (L-NAME) NOS inhibitor,
30 mg·kg-1, obtained from Sigma Chemical Company.

eNOSmRNA and iNOSmRNA in situ hybridization kit
Obtained from Wuhan Boster Biological Company.
Oligoneucleotide probe sequences deriving from human gene:
AI925269 GI5661233--  121---155 (probe sequence --GAGGA
CTTTC TCCGT TCTCC TTAGA TTGTA AGCTG---);  661---
695(probe sequence---ACGTG CCAGA CGTCC TGCAA
CAACC GTACC ATTTA---), rat gene AJ011116 GI3676237 --
and 216---250 (probe sequence---CCTAA GACCG TTCTG
GCTAA TGTGC TGTAA CTCTA---).

METHODS
The ALF rat model was established by 90% hepatectomy
according to Lu et al’s method[5]. L-Arg or L-NAME diluted
with normal saline was preoperatively and postoperatively
injected into the tail vein 30 min after operation in the L-Arg
group or L-NAME group; L-Arg was injected preoperatively,
L-NAME was preoperatively injected at a 30 min interval, normal
saline was injected 30 min preoperatively and postoperatively
to SO group and ALF group. The animals were sacrificed at 6 h
and 12 h in ALF group after operation, the animals of the other
groups were sacrificed at 6 h after operation. The tissues of
small and large intestines were fixed in 4% paraformaldehyde
containing the reagent of DEPC for 6 hours, dehydra ted
gradually, embedded in paraffin, and cut into 4 µm sections.

Determining the expression of eNOSmRNA and iNOSmRNA
The detailed manipulations were conducted according to
INTRODUCTION of reagent kits, phosphate buffered saline
was used as the negative control in stead of oligoneucleotide
probe, and the tissue of breast cancer as positive control. Five
views were randomly selected in each tissue sections, measured
under the 10×20 fold statistics microscope and analyzed with
the imaging analysis system of CMM-3. The mean absorbance
optical density (OD) was measured, P value less than 0.05 was
regarded as having significant difference.

RESULTS
The expressions of eNOSmRNA in large intestine and
iNOSmRNA in small and large intestines in ALF increased
significantly at 6h (Figures 1-3), and the expressions of
iNOSmRNA in small and large intestines in ALF decreased
significantly  at  12 h ( P < 0.05 ).  The  expressions  of
eNOSmRNA in large intestine and iNOSmRNA in small and

large intestines in ALF decreased significantly at 6 h using L-
Arg, but the expressions of eNOSmRNA and iNOSmRNA in
small and large intestines in ALF decreased significantly at 6 h
using L-NAME or combined with L-Arg (Figure 4, P<0.05). The
expression of eNOSmRNA and iNOSmRNA in bowel tissues
are compared among all groups in Table 1.

Figure 1  Significant increase of expressions of eNOSmRNA in large
intestine with ALF at 6 h. ISH×400
Figure 2  Significant increase of expressions of iNOSmRNA in small
intestine with ALF at 6 h. ISH×400
Figure 3  Significant increase of expressions of iNOSmRNA in large
intestine with ALF at 6 h. ISH×400
Figure 4  Significant decrease of expressions of iNOSmRNA in large
intestine with ALF with the reagents of L-Arg and L-NAME at 6 h.
ISH×400
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Table 1   intestinal expressions of eNOSmRNA and iNOSmRNA in rats
with acute liver failure (x±s, n=10)

Group  t/p     Gene expression            Small intestine  Large intestine

SO           6 eNOSmRNA 0.05±0.02     0.05±0.02a

iNOSmRNA 0.06±0.02c     0.06±0.02c

ALF         6 eNOSmRNA 0.10±0.06e     0.18±0.06e

iNOSmRNA 0.19±0.05     0.33±0.08
ALF  12 eNOSmRNA 0.05±0.02     0.10±0.04e

iNOSmRNA 0.05±0.01c     0.17±0.03c

L-Arg      6 eNOSmRNA 0.06±0.01     0.06±0.01
iNOSmRNA 0.06±0.02c     0.07±0.02c

L-NAME  6 eNOSmRNA 0.06±0.01     0.09±0.01
iNOSmRNA 0.07±0.02c     0.16±0.03c

L-Arg+    6 eNOSmRNA 0.06±0.01     0.07±0.02
L-NAME iNOSmRNA 0.08±0.03c     0.14±0.04c

aP<0.05 vs ALF 6 h eNOSmRNA; cP<0.05 vs ALF 6 h iNOSmRNA;
eP<0.05 vs bith enzymes in every group.

DISCUSSION
ALF is a cooperative consequence of endotoxicemia,
microcirculation dysfunction as well as inflammatory cells
(such as macrophage, lymphocyte, etc) that release inflammatory
mediators and cytokines (such as TNF, IFN, IL-1, etc) when
stimulated, but definite mechanism remains unclear. The damage
and decrease of phagocytosis in the liver result in enteral
endotoxicemia and decrease in Na+/K+-ATP enzyme activity of
liver cellular membrane, it causes intrahe patic cholestatic
jaundice, dramatical decrease in glomerular filterable rate (GFR),
increase in serum Cr, BUN and decrease in urine narium.
Collection of glutamine in cerebral cells results in hepatic coma
because of tyrosine, tryptophane and phenylalanine in brain, it
suggests that enteral endotoxicemia is common substantial
basis causing liver function failure syndrome, important
pathophysiological stage of liver function failure, and mutual
cause and result with liver function failure. It produces poison
to hepatocytes, results in microcirculation dysfunction,
aggravates liver damage and inhibits liver regeneration.
Irreversible liver damage is also an initiate factor of subsequent
multiple organs function failure because of liver function failure,
it causes not only jaundice, haemorrhage but also renal function
failure and hepatic coma[6,7]. Deficient L-arginine inhibits
intrahepatic L-Arg/NO pathway and influences systematic
blood flow when liver ischemia-reperfusion, L-arginine injected
by portal vein inhibits arginase release in liver, reverses L-Arg/
NO pathway, and mitigates liver injury[8,9]. Administration of
arginine into intestinal tract can mitigate liver function
impairment by acute liver injury,activate immune system of
intestinal mucosa and regulate and decrease bacterial
translocation[10]. GSH can participate in the regulation of iNOS
activity, up-regulate the expression of iNOSmRNA, aggravate
liver injury under stress condition[11]. Deficient TNF-α and
IL-6 caused hepatic steatosis and high mortality,
replenishment of TNF-α and IL-6 restored the hepatocyte
regeneration[12]. NO can prevent cell apoptosis induced by
TNF, and activate extra endothelial regulating kinase 1 and 2,
inhibit NF-κB activation in cell[2,13-16]. Furthermore, NO inhibits
Caspase-3-like proteinase and cell apoptosis, iNOS gene
transfection mediated by adenovirus into hepatocytes can
produce NO, which efficiently inhibits Caspase- 3-like
proteinase activity, and local apoptosis in hepatocyte[17-20].
IL-1β can induce iNOS expression in hepatocyte by activating
iNOS primer by IFN-γ, and produce a large amount of extra
cellular matrix (ECM) such as hyaluronan, which induced

iNOS to produce NO and form ONOO-, and aggravate tissue
injury by NF-κB signal transduction when liver is damaged,
moreover, stabilize microcirculation and protect against liver
injury. The effect of protection or impairment on the liver mainly
depends on the NO concentration and cell derivation[21-23]. NO
induced by iNOS in endotoxemia is closely related to liver
function impairment, but NO induced early by hepatocyte cNOS
can protect liver tissue[24,25]. The dual stimulation of endotoxemia
and ischemia-reperfusion influenced microvascular blood flow
and impaired liver tissue by selectively inhibiting eNOS or/and
iNOS[26,27]. Enterogenous endotoxin permeated blood circulation
and stimulated the expression of iNOS in intestinal tissues by
portal-cavity lateral circulation. NO participates in hyperdynamic
circulation of portal hypertension and general hyperdynamic
circulation in cirrhosis[28,29]. Selectively inhibiting eNOS can
cause vascular constriction and thrombosis and lower liver
perfusion pressure, but had no influence on portal pressure;
the difference may be related to different time interval of
endotoxin and NOS inhibitor[30]. The expression of NOSmRNA
decreased remarkably in the kidney of endotoxemia of cirrhosis,
deficient NO or low sensitivity to NO in renal vessels can
aggravate renal damage, and promote hepato-renal syndrome
(HRS)[31]. Endogenous NO has anti-inflammatory function and
inhibits neutrophiles to adhere to vascular endothelial cells
and translocate from vessels. NO deriving from aminoformylp
enicillamine can alleviate small intestine impairment induced
by endotoxin and plasma leakage, suggesting that endogenous
NO can maintain intestinal mucosal microvascular integrity,
dilate intestinal vessel and improve gut microvasculation, react
with superoxide (O2

-) to be antioxidation, contribute to recovery
of impaired enteric function. L-arginine and solution nitric
prusside caused absorption of water and ions, but NOS
inhibitor (L-NAMA) caused secretion of water and ions in the
ileum, synchronous infusion of L-arginine and L-NAME cause
absorption of water and ions in the ileum, indicating that
endogenous NO can mediate absorption of water and ions in
the ileum, maintain homeostasis of water and electrolytes.
Neutrophil activation in circulation has been implicated in the
capillary leakage during ischemia-reperfusion. It suggests that
endogenous NO can maintain the capillary integrity and
prevent macromolecular leakage. Capillary permeability and
macromolecular leakage are critical factors causing ARDS
during intestinal ischemia-reperfusion, and increased
endogenous NO can maintain normal capillary function. It is
very important to prevent systemic response such as ARDS
caused by intestinal ischemia-reperfusion[32-36]. Endotoxemia
results in increased cons titutive NOS and inducible NOS
enzyme activities in the jejunum and ilem. LPS can upregulate
constitutive NOS and inducible NOS in jejunal and ileal
smooth muscle oxyhemoglobin increased intestinal transit
in nonendotoxemia. NO may play a major role in mediating
the rapid intestinal transit induced by endotoxemia.
Hemoglobin attenuated the effect of endotoxin on intestinal
motor function. Synthetic hemoglobins currently being a
test as blood substitutes may be of therapeutic value in
treating intestinal dysfunction complicated with sepsis [37-41].
However, the gene expression increase of iNOAmRNA in the
intest inal tract produced a large amount of NO, slowed
intestinal transit, promoted intestinal bacteria overgrowth
during endotoxemia, and reacted with superoide (O2

-) to
form peroxynitrite anion (ONOO-), causing inactivation of
mitochondrial aconitase in entercytes and activation of poly-
adenosine diphosphate ribosyl polymerase, leads to depletion
of intracellular ATP stores by interfering with mitochondrial
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respiration and intestinal mucosal barrier dysfunction,
prolonged the exposure of cells to large amounts of NO may
inhibit cell respiration, cause maldistribution of regional blood
flow and cell damage, increase gut permeability; but inhibition
of cNOS can decrease dramatically the blood flow of intestine,
increase the damage of enteric hemorrhage by induction of
LPS, even small dosage of LPS could cause enteric hemorrhage.
LPS can inhibit cNOS,decreasing NO and increasing active
oxidizing free radicals . L-Arg can protected the enteric
hemorrhage from LPS or LPS associated with L-NAME.
Inhibiting NO release can increase active oxygen production,
and contribute to acute enteric damage by LPS[42-46]. Mishima
et al[47] found that the iNOS-deficient mice could resist
enterocyte apoptosis induced by LPS, and attenuate intestinal
mucosal injury. Bacterial translocation induced by LPS was
not found, suggesting that LPS could induce iNOS activation
and increase NO production, resulting in intestinal mucosal
injury and bacterial translocation, inhibiting iNOS can decrease
NO production and prevent intestinal mucosal injury and
bacterial translocation. Fruchterman et al observed that
decrease of activity of cNOS and NO production in the small
intestinal endothelial cell resulted in intestinal microvascular
dysfunction such as low perfusion, platlets and neutrophils
converged into postcapillary venule when hemorrhage shock
and resuscitation occurred. ONOO- deriving from NO
connection with O2

- could decrease NO production, inhibit the
synthesis of prostaglandin I2 (PGI2), impaie endothelial cell
mitochondrial and lead to endothelial cell dysfunction and
intestinal nucosal impairment[1,48-50]. NOSmRNA expression in
colonic mucosa increased remarkably, especially iNOSmRNA,
suggesting that vasodilation and blood flow increase because
of increased NO production in colonic tissues, mucosal
congestion was active not passive, inhibtion of iNOS and NO
production may protect or mitigate the pathogenesis of portal
hypertensive enteropathy (PHE). NO plays an important
role in maintaining gastrointestinal vascular integrity and
gastrointestinal  motil i ty under physiological  and
pathophysiological circumstances, it can relax vascular and
gastrointestinal tract smooth muscle and contributes to LPS-
induced intussusception pathogenesis by activating soluble
guanylate cyclase (sGC) to increase intracellular cGMP,
inhibiting NOS worsens the intestinal injury induced by
ischemia-reperfusion and endotoxin, decreases the incidence
of intussusception, but L-Arg can increase the incidence of
intussusception, suggesting that endogenous NO plays an
important in regulating normal and pathop hysiological
circumstance by activating sGC and altering intracellular level
of cGMP[51,52]. our study indicated that the expression of
eNOSmRNA increased dramatically at early stage of ALF, NO
produced by eNOS can keep the integrity of enteral
microvascular mucosa, expand blood vessel in enteral mucosa,
improve microcirculation, and has antioxidant function by
connecting with superoxide anion and protects enteral function
from damage. but the high expression of iNOSmRNA in large
intestine can induce iNOS synthesis constantly and produce a
large amount of NO, slow enteric peristalsis, promote bacterial
outgrowth, increase calcium ion concentration, result in
protective barrier dysfunction in enteral epithelium,
penetration and bacterial translocation increase. The low
expression of eNOSmRNA in small and large intestines might
be related to consumable increase of eNOS, furthermore, the
low expression of iNOSmRNA in small and large intestines
might be related to producing excessive NO locally can and
feedbackly inhibiting the expression of iNOSmRNA after
replenishing exogenous larginine. L-Arg contributes to water

and electrolyte absorption in small intestine and plays an
important role in keeping microcirculatory stability, suggesting
that replenishing exogenous NO precursor can reduce the enteral
expression of iNOSmRNA and beneficial to organism, NOS
inhibitor can significantly influence the gene expression of both
enzymes in large intestine, especially reducing the eNOSmRNA
expression more significantly. NO produced by high expression
of iNOSmRNA may influence local microcirculation and integrity
in enteral mucosa, and contribute to enteral bacterial transl
ocation in ALF. It is similar to influence to eNOSmRNA and
iNOSmRNA expression using NO precusor connecting with
NOS inhibitor or only using NOS inhibitor, and indicating that
replenishing exogenous NO precusor can not significantly
influence the effect of NOS inhibitor on both gene expression
of eNOS and iNOS. It is necessary to further on the mechanism
of mutual interaction with them.
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