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Abstract

AIM: To determine the role and effect of nitric oxide synthase
type Il (NOSII) in cirrhotic rats.

METHODS: Expression of NOSII mRNA was detected by
real time RT-PCR. The activity of nitric oxide synthase and
serum levels of NO, systemic and portal hemodynamics
and degrees of cirrhosis were measured with high sensitive
methods. Chinese traditional medicine tetrandrine was used
to treat cirrhotic rats and to evaluate the function of NO.
Double-blind method was applied during the experiment.

RESULTS: The concentration of NO and the activity of NOS
were increased markedly at all stages of cirrhosis, and
iINOSmMRNA was greatly expressed. Meanwhile the portal-
venous-pressure (PVP), and portal-venous-flow (PVF) were
significantly increased. NO, NOS and iNOSmMRNA were
positively correlated to the quantity of hepatic fibrosis.
Tetrandrine significantly inhibited NO production and the
expression of INOSmRNA.

CONCLUSION: Increased hepatic expression of NOSII is
one of the important causes of hepatic cirrhosis and portal
hypertension.
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INTRODUCTION

Nitric oxide (NO) isavasodilator formerly detected in vascular
system, but iscurrently recognized asamultifunctional molecule
widely distributed in many other tissues, such asimmune and
neuronal systems. NO is synthesized from L-arginine by the
NO synthase isozyme family of which three different members
havebeen characterized, namely NOSI, NOSI | andNOSI 1. NOSI
and NOSI | are congtitutive and Ca?*/calmodulin-independent.
Thefirst wasinitially discovered in neurons and the second in
endothelia cellg*3. NOSII is Ca?*-independent, and islocated
in macrophages and smooth muscle cells, and isinduced by
appropriate proinflammatory stimuli and bacterial
lipolysaccharides. Its activity can be competitively inhibited

by several L-arginine analogues such as N"-nitro-L-arginine.

However, proinflammatory cytokines, endotoxins, and
bacterial infectionsin various pathol ogic entities are associated
with enhanced production of NO, hyporesponsiveness to
vasoconstrictors, and development of a hyperdynamic
statel*™. Vallance and Moncada hypothesized that bacterial
endotoxin might account for hemodynamic changesin severe
cirrhogishy stimulating the expression of inducible NO synthase
(iNOS) to produce NO®!,

Recently, numerous studies have focused on NO as a
possible major causative agent of the decreased vascular
resistancein cirrhosis. Infact, most investigationsare coincident
in reporting an increased NO activity in the vasculature of
patients and rats with cirrhosig®!3, a phenomenon in which
both NOSII and NOSIII seem to be involved!*3. Thereis,
however, little information on the progressin liver diseases
affecting the L-arginine/NO pathway in organs other than the
systemic vasculature. Thisisparticularly intriguing in theliver,
asit largely affects the consequence of the derangement under
pathologic conditions. Whereas most investigations consider
NO as an important mediator of hemodynamic alterationsin
experimenta cirrhosig4,

Chinese traditional medicine tetrandrine has the function of
inhibiting calcium influx!*>1€, and effect in treatment of liver
fibrosid!. We postulated that if NO was a key mediator in
cirrhosis and portal hypertension, Tetrandrine would affect the
level of NO by inhibiting the expression of NOSmRNA and the
activity of NOS. Therefore, in this study, mRNAsof NOSII and
NOSI 1 weredetermined in liver tissue of ratswith CCL s-induced
cirrhosisto assessthelevel of NO. In addition, the NOS activity
of liver tissue and the serum levels of NO, hemodynamic
changes of portal vein and pathologic changes at all stages of
cirrhosis were also investigated.

MATERIALS AND METHODS

Induction of cirrhosis in rats

Hepatic injury and fibrosiswere induced in maleretired breeder
Sprague-Dawley rats (450-550 g) by intragastric administration
of carbon tetrachloride as described previoudly™. CCL ,(1.0 mL/kg)
inal:1 mixturewith corn oil wasadministered by gavageat 7-day
intervals. After the second intragastric administration of carbon
tetrachloride, Tetrandrine group inhaled the suspension of
Tetrandrine (1 mL/0.1 kg). Animal weight was monitored, and
the dosage of CCL, and Tetrandrine was adjusted accordingly.
Portal hypertension (portal venousdilation with portal pressure
>10 cm H,0) was documented in all animals after 10 doses
of CCL,. Controls received corn oil on the same schedule as
experimentd animals.

In vivo effects of tetrandrine administration

There were 90 conscious rats in this study. Animals were
anesthetized with ketamine (100 mg/kg.bm) and prepared with
P-50 cathetersin portal veinand inferior venacava. The catheter
was connected to ahighly sendtive transducer and amultichannel
recorder (MX4P and M T4, Lectromed Ltd, Jersey, Chanels
Islands, UK) and portal venous pressure and portal venous
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flow were recorded. Then, a2-mL blood sample was taken to
measure NO. Blood was immediately centrifuged at 4 ‘C and
serum was frozen at -20 C until further analysis. Tissue
specimens were obtained from the middle liver lobe in each
animal. Liver specimens were fixed in 40 g/L buffered
formal dehyde and stained with hematoxylin and eosin, reticulin,
and Masson’ strichromefor histological examination. Moreover,
additiona liver tissues wereimmediately frozenin dry ice and
stored in liquid nitrogen until further analysis. Serum NO and
liver NOS activity were determined.

Expression of inducible and consititutive NOS mRNA
MRNAs of NOSII and NOSI 1| were assessed in liver tissues of
all groups. Under anesthesia with ketamine (100 mg/kg)
animals were exanguinated by cardiac puncture. Liver tissue
was dissected, placed in a Petri dish containing a diethyl
pyrocarbonate (0.01%)-treated PBS buffer solution, total RNA
was extracted by the guanidine isothiocyanate method!*.,

NOSII and NOSII mRNA expression was assessed by real-Time
RT-PCR

Reverse transcription (RT) reaction was performed with cDNA
synthesis kit (Promega, Madison, WI) and followed the
attached protocol with reaction kit. The final volume of the
reaction (20 ni.) wascompleted with RNasefreewater. First srand
cDNA synthesiswas carried out at 42 ‘C for 30 minin aDNA
thermal cycler (PTC-100, MJ Reserch Inc, Watertown, MA).
Afterwards, the tubes were incubated at 99 C for 5 min to
terminate the reaction. Then each tube was kept at 4 °C until
PCR was performed.

Real-time RT-PCR

Expression of the target genes (NOSII and NOSIII) was
quantified. The primerswere designed using the software Primer
Express (Applied Biosystems) (Table 1).

RT- PCR was performed according to a TagMan 2-step
method using an ABI PRISM 7 700 sequence detection system
(Applied Biosystems). PCR cycling conditions included an
initial phaseat 50 °C for 2 min, followed by at 95 °C for 10 min
for AmpErase, 40 cyclesat 95 °C for 15s,and at 60 “C for L min.
Quantification of the PCR products was based on the TagMan
5'nucleaseassay using the ABI PRISM 7 700 sequence detection
system. The starting amount of a specific mMRNA in an unknown
sample was determined. The standard curve was generated on
the basis of the linear relationship between the Ct value and
logarithm of the starting quantity. Ct value wasthe cycle number
at which a significant increase in the fluorescence signal was
initially detected. The unknown samples were quantified by the
software of the ABI PRISM 7 700 sequence detector system,
which calculated the Ct value for each sample and then
determined the initial amount of the target using the standard
curve. Theamount of thetarget was normalized to the reference.

Table 1 Oligonucleotides used for PCR

Statistical analysis

One-way ANOVA, Newman-Keuls' s, and unpaired Student’ s
t tests were used for statistical analysis. Data are expressed as
meanSE, P level at 0.05 or less was considered statistically
significant.

RESULTS

The cirrhotic liver treated with CCL , had afinely granulated
surface. Histological examination showed the distinct features
of three-gradefibrosis. Tetrandrine group had dight fibrosisin
thethird grade of cirrhosis.

Pathologic examination

Pathologic examination indicated that tetrandrine had an
obvious effect on preventing the necrosis of hepatic cells and
delaying the development of hepatic fibrosis (Figure 1).

Serum NO and NOS activity of liver tissue

Serum NO and NOS activity in cirrhotic group were
significantly higher than those in normal control, and had no
difference between the normal and therapeutic groups
(Tables 2, 3).

Table 2 Effects of tetrandrine and on serum NO in cirrhotic
rats (mmol/L, meanzSD)

Grade Tetrandrine Cirrhosis  Negative control
(n=8) (n=8) (n=8)
Earlier period 6.51+0.56" 10.27£0.71 5.91+0.67
Metaphase 6.87+0.78° 10.88+0.82 6.04+0.98
Late period 6.49+0.83° 6.35+1.48°  6.17+0.73

bP<0.01 vs cirrhosis.

Table 3 Effects of Tetrandrine on NOS activity in cirrhotic rats
(mol/min- g, meanzSD)

Grade Tetrandrine Cirrhosis Negative control

(n=8) (n=8) (n=8)

0.4275+0.2037
0.5639+0.4275
0.6723+0.5784

Earlier period 0.5165+14552
0.6901+0.2092°
0.8483+0.2393¢

1.6916+0.8099
1.9756+0.7833
1.9789+0.7690

Metaphase
Late period

aP<0.05 vs cirrhosis.

Hemodynamics

High hemodynamics was observed in cirrhotic rats. Portal-
venous-pressure (PVP) and portal-venous-flow (PVF) were
significantly increased. But PVP in tetrandrine groups was
significantly decreased in al stages of cirrhosis. PVF was only
decreased in the metaphase of cirrhosis (Table 4).

Gene Quantification method Primer sequence cDNA
NOSII Forward primer 5°-CCCTTCCGAAGTTTCTGGCAGCAG-3” 2 793-2 817
Reverse primer 5’-GGGCTCCTCCAAGGTGTTGCCC-3” 3424-3 446
Probe 57-(FAM)TCTTCGGTGCGGTCTTTTCCTATGGAGCAA(TAMRA)-3” 3 391-3 421
NOSIII Forward primer 5”-CAAGACCGATTACACGACAT-3” 31-51
Reverse primer 5’-GCTGGTTGCCATAGTGACAT-3” 300-321
Probe 5”7-(FAM)GAGTGTTTGGACAAGTCCTCACCGCCTTTT-(TAMRA)-3” 158-188
GAPDH Forward primer 5’-GAAGGTGAAGGTCGGAGTCA-3”
Reverse primer 5"-GAAGATGGTGATGGGA-3”
Probe 5”-(JOE)CAAGCTTCCCGTTCTCAGCC(TAMRA)-3”
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Figure 1 Histological images of three-grade fibrosis and tetrandrine treated group (200x). A: normal group, B: earlier cirrhosis
group, C: earlier tetrandrine group, D: metaphase cirrhosis group, E: metaphase tetrandrine group, F: late cirrhosis group, G: late

tetrandrine group.
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Figure 2 Real-time RT-PCR images: Expression of iNOS in normal hepatic tissue (A), Expression of iNOS in Tetrandrine therapeutic
hepatic tissue (B), Expression of iNOS in cirrhotic tissue (C). NOSII was not expressed in normal rat tissue, but highly expressed in
cirrhotic rat tissue and NOSI|I in therapeutic groups was significantly decreased than that in cirrhosis.
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Figure 3 Quantification of cirrhosis: cirrhotic group (A), Tetrandrine group (B).

Table 4 Effects of tetrandrine on hemodynamics in cirrhotic
rats (mean+SD)

Stage Index Tetrandrine Cirrhosis  Negative control
(n=8) (n=8) (n=8)
Earlier period PVF  18.37+1.83 21.25+1.76 16.50+1.73
PVP 1.35+0.25P 1.67+0.21 1.18+0.13
ICVP  0.31+0.04 0.32+0.04 0.31+0.04
PVR 5.73+0.88 6.38+1.12 5.81+1.04
Metaphase PVF 14.50+1.61*  20.35+1.07 17.75+1.37
PVP 1.4440.13° 1.72+0.69 1.30+0.21
ICVP  0.32+0.04 0.31+0.04 0.32+0.04
PVR 7.98+1.68 9.56+1.29 5.53+0.67
Late period PVF 15.85+1.23 17.57+1.93 15.42+1.27
PVP 1.45+0.24° 1.67+0.23 1.37+0.10
ICVP  0.31+0.04 0.32+0.04 0.32+0.04
PVR 7.44+1.08 8.01+0.79 6.76+0.34

3P<0.05,"P<0.01 vs cirrhosis.

Relationship between NO and hemodynamics

NO concentration correlated significantly with PVP (r=0.69,
P<0.01) and PVF (r=0.72, P<0.01), but inversely with PVR
(r=-0.63, P<0.01).

Quantitative RT-PCR

Quantification of the PCR products showed that NOSI1 was
highly expressed in cirrhotic rat tissue (Figure 2C), and NOSI |
in therapeutic groups was significantly decreased than cirrhosis
(Figure 2B) (P<0.01). NOSII wasnot found in normal rat tissue
(Figure 2A). NOSI 11 expression was not different among all
groups (P>0.05) (Table5).

Table 5 Quantification of PCR products

Stage Index Tetrandrine Cirrhosis Negative control

(n=8) (n=8) (n=8)

Earlier period  NOSII 0.1723+0.0014 0.5635+0.0104

NOSIII - 0.2578+0.0076  0.2694+0.0043 0.2786+0.0107
Metaphase NOSII 0.1679+0.0093 0.7521+0.0098

NOSIII - 0.3210+0.0084 0.3412+0.0113 0.2916+0.0089
Late period NOSII 0.1876+0.0065 0.6987+0.0078

NOSIII 0.2917+0.0102 0.3002+0.0091 0.2815+0.0098

Quantification of cirrhosis
Quantification of cirrhosis showed that cirrhosis significantly
decreased in Tetrandrine group than in cirrhotic group (Figure 3).

DISCUSSION
Thefunction of NO in human beings or experimental animalsis

invariably associated with marked systemic and portal venous
hemodynamic effects, including arterial hypotension, portal
hypertension, increased portal venous perfusion. The intensity
and full manifestation of this response depend on the expresson
of NOS and the NOS activity. To ascertain which isoforms of
NOS displayed adifferential effect on cirrhotic liver of rats, the
expressions of NOSII and NOSI I were determined. The study
showed that NOSI | was markedly increasedin cirrhotic rat liver
tissues. However, we did not find the expression of NOSII in
normal liver tissues. Because macrophages were of central
importance in the initiation and regulation of nonspecific and
specific immune responses?, it was considered that NO from
these cells was implicated in the nonspecific defense against
parasitic diseases and participated in the production of free
radicals that are toxic to bacteria and parasites?!. Rodent
macrophages were extremely sensitive to agents promoting
NOSII expressiont??, In this study, no differencein NOSII|
expression between cirrhotic and normal rats was found. We
postulated that NOSI 1 expressionin cirrhotic liver had no effect
on porta hypertension. But it might have a great function in
cirrhosis due to its expression in big blood vessel /%29,
Intrahepatic endothelial NO mediated by shear stress-
dependence seems impaired by shunt.

Chinese traditional medicine Tetrandrine had a good
therapeutic effect for fibrosis*®!. It is often used to treat
hepatitis of HBV. In arecent study, it was tested to inhibit
calciuminflux. Wetherefore postulated that if NO played arole
in the mechanism of cirrhosis and portal hypertension,
Tetrandrine would have the effect on the inhibition of NO
production. This study approved our hypothesis and showed
NOSII mRNA was markedly expressed in cirrhotic liver tissues.
NOSIII was mainly distributed in endothelia cells and its
function wasrelied on calmodulin(CaM)®, Tetrandrine affected
NOSIII expression, however, had no effect on NOSI 1 expression.
Thus, we reason the changes of NOSI |1 could be stimulated by
shear stress. NOSI I was mainly distributed in microphages and
endothdial cells. NOSI| did not expressin normal physiological
conditions. Amino acid sequence analysis showed that NOSI|
had the conjugated site of calmodulin, and rodent NOSI1 could
be conjugated tightly with CaM without calciumi®?. In this
study, an important finding in cirrhotic liver exposed to
Tetrandrine wasan NO antagonist. Moreover, tetrandrine could
also affect NOS enzymatic activity. The results of the present
study indicated that portal-venous-pressure and portal-
venous-flow decreased by tetrandrine were mediated by lower
level NO and cirrhotic blood vessdl.

In conclusion, NOSI I ismarkedly expressed in cirrhotic liver,
inducing a high hemodynamic change of portal vein and
pathologic changesin all stagesof cirrhosis. Tetrandrine inhibits
NOSII expression, decreases NOS activity and reducesthe NO
production. The mechanism of fibrosisand portal hypertension
isNO mediated, and tetrandrineiseffective for improving portal
hypertension by reducing NO in cirrhotic patients.
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