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Abstract: Background: Portal hypertension is one of the death reasons for the liver cirrhosis patients. The oxidative
stress is related to the occurrence and development of portal hypertension in cirrhosis. Malondialdehyde (MDA),
one of the lipid peroxides, increases substantially in cirrhotic patients. Aims: To evaluate the relevance between the
MDA level and portal hypertension in cirrhotic patients. Methods: 60 liver cirrhotic patients and 30 healthy controls
were enrolled. The plasma MDA level and general blood tests including ALT, AST, ALB, total bilirubin, and platelet
were measured. All people enrolled accepted endoscopic examination and B-Ultrasound check to evaluate the se-
verity of portal hypertension. Results: The MDA plasma level of cirrhotic patients was significantly higher than the
controls (P<0.001) and increased significantly accompanied by the severity of liver fibrosis and portal hypertension
(P<0.01). Further, the plasma MDA level of cirrhotic patients was significantly correlated with Child-Pugh classifica-
tion of cirrhosis (r=0.820, P<0.001), the degree of esophageal varices (r=0.857, P<0.001) and the width of portal
vein (r=0.652, P<0.001). The ROC curve analyses showed that the plasma MDA level is a strong predictor of liver
cirrhosis and portal hypertension. Conclusions: Plasma MDA level may correlate with the severity of portal hyperten-
sion in cirrhotic patients.
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Introduction peroxidation of polyunsaturated fatty acids [8].
The degree of lipid peroxidation can be estimat-
ed by the amount of MDA in tissues and it is
a marker for oxidative stress. MDA had been

proved to be up-expression significantly in cir-

Portal hypertension is one of the major occur-
rence and death reasons of patients with liver
cirrhosis. The major pathophysiology of portal

hypertension is the rising of the portal vein
blood flow resistance which is partly caused by
the liver structure alteration and the blood
structure alteration as well. Increased oxidative
stress aggravates liver fibrosis in various patho-
genesis during chronic liver injury [1]. In the
progress of cell necrosis, inflammation and
death, oxidative stress response is integrated
with the protein, damaging DNA, reacting with
the cell chemical composition to cause the cell
damage [2, 3]. In addition, the researchers
found out that the increased oxidative stress
response is due to the angiotensin alteration in
hypertension [4, 5], atherosis [6] and diabetes
[71.

Malondialdehyde (MDA), a typical aldehydic
product of lipid peroxidation, results from lipid

rhotic patients [9]. At present, the relationship
between oxidative stress and portal hyperten-
sion in the liver cirrhotic patients is still unde-
fined. The aim of our study was to characterize
the relations between liver cirrhosis patients’
oxidative stress response and liver function,
portal vein hypertension and esophageal vari-
ces and to preliminarily reveal the potential role
of MDA as a new non-invasive diagnostic
method in cirrhotic patients with portal hy-
pertension.

Methods
Patients selection

The study was performed in the Division of
Gastroenterology and Digestive Diseases
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Institute, Tongji Hospital (Shanghai, China).
Between 2009 and 2011, a total of 60 in-hos-
pital patients diagnosed with virus-related
chronic liver disease were enrolled consecu-
tively in the study, including 34 male and 26
female patients aged from 34-87 years (aver-
age age was 63.22+15.86 years). All patients
enrolled were diagnosed with esophageal vari-
ces by endoscopic examination previously.
Among them, 54 were HBV-related cirrhosis, 6
were HCV-related cirrhosis. Diagnosis of hepati-
tis B and C virus was made by the laboratory
examination and the diagnosis of cirrhosis was
made by the medical history, body check, lab
and iconography check. 12 of these patients
(20%) were confirmed the diagnosis of cirrhosis
by liver biopsy. Exclusion criteria included the
presence of hepatocellular carcinoma, pres-
ence of active infection, presence of esopha-
geal varices bleeding with splenectomy, use of
vasoactive and anti-oxygen agent within a
week, history of severe heart disease patients
and kidney disease, abuse of alcoholic and
refusal to participate.

30 healthy controls were age- and sex- matched
with the cirrhotic patients who were enrolled for
measurement of general blood tests, plasma
level of MDA, B-Ultrasound Check and endo-
scopic examination. None of these subjects
had a history of major systemic diseases. All
subjects agreed to participate in the study and
were aware of its content.

Endoscopic examination

All endoscopic examinations were completed
by special experienced endoscope technici-
ans, and the gastroscopic instrument was
OLYMPU3260. Esophageal varices endoscopic
diagnosis was done per the esophageal varices
endoscopic classification criteria, “The Diag-
nosis and Treatment Solution of Endoscopic
Esophageal Varices 2003”, which was worked
out by Chinese Medical Association Digestion
Endoscopic Branch in October 2003. According
to the criteria, the degree of esophageal vari-
ces was defined as mild, moderate and severe.
Mild: The esophageal varices are a straight line
or a little bit curved with no red color. Moderate:
the esophageal varices are a straight line or a
little bit curved, red color feature, or the esoph-
ageal varices is snake-like curved and evection
but not red color feature. Severe: esophageal
varices has snake-like curve and evection with

11008

red color feature or esophageal varices has a
ball-like curve, joint--like curve or tumor-like
curve (whether red color or not).

B-Ultrasound check

B-Ultrasound Check was completed by
assigned experienced ultrasonic technicians.
All patients and healthy controls accepted B
ultrasonic check after 12 h limosis, regularly
scanning the liver, gallbladder, spleen, pancre-
as and kidney. The ultrasonic technicians deter-
mined if the patients have liver cirrhosis or asci-
tes and measured the portal vein inner diame-
ter during the deep breath. The diameter mea-
sured wider than 13 mm or above was defined
as portal hypertension.

Clinical biochemistry

The test indexes of clinical Biochemistry when
the patients and healthy control admitted by
hospital contained several parameters includ-
ing limosis blood alanine aminotransferase
(ALT), aspartate aminotransferase (AST), r-glu-
tamylacylase (y-GT), albumin (ALB), total biliru-
bin (T-BIL) and platelet (PLT).

Evaluation the severity of liver cirrhosis

The severity of liver cirrhosis was established
according to Pugh’s modification of the Child
classification [10]. According to the score, the
cirrhotic patients were divided into 3 grades: A,
B and C.

Plasma MDA level measurement

The plasma MDA concentration was measured
by a kit based on thiobarbituric acid (TBA)
reactivity (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). After mixing trichloro-
acetic acid with the sample and centrifuging, a
supernatant was obtained, and TBA was added.
The absorbance of the sample was measured
at 532 nm with a spectrophotometer. MDA con-
centration was calculated according to the for-
mula provided in the protocols.

Statistical analysis

Statistical analysis was performed by using the
SPSS 17.0 statistical package (SPSS Inc.,
Chicago, IL). All results are expressed as mean
+ standard deviation (SD). Statistical signifi-
cance of differences between groups was ana-
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Table 1. Demographic and clinical data

Control (n=30) Cirrhosis (n=60)
Sex (male:female) 18:12 36:24
Age (years) 65+10 64+12
Child (A:B:C) / 21:22:17
Degree of gastro-esophageal varices (mild: moderate: severe) / 23:15:22
Width of portal vein (mm) 8.4+2.3 13.0+2.8™
Ascites volume (abcent: mild: moderate: severe) / 30:16:12:4
ALT (U/L) 308 46+20"
AST (U/L) 22+12 45+18"
GGT (U/L) 2418 42+16"
MDA (nM) 288+138 673+301""
Total bilirubin (umol/L) 14.2+6.4 35.6+10.5"
PLT (x10°/L) 202154 76+36""

All data expressed as mean * SD. “P<0.05 versus the healthy controls; **P<0.01 versus the healthy controls.
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Figure 1. A. The plasma MDA level of cirrhotic patients was significantly higher than the controls as well (P<0.001).
B-D. The plasma MDA level increased significantly accompanied by the Child-Pugh classification, the degree of
esophageal varices and the width of portal vein (P<0.01). Statistical comparisons were performed using one-way
ANOVA with an unpaired Student’s t-test.

11009 Int J Clin Exp Med 2015;8(7):11007-11013



Plasma malondialdehyde and severity of portal hypertension in cirrhosis

A
1200
1000 -
= 800 1
1
3
S 600
400 4 r=0.820
S_— P<0.001
200 . . v . .
A B C
Child-Pugh classification of cirrhosis
C

N
N

= N
@ o

L]
L

16 4

-
L]

-
o

r=0.652
P<0.001

The width of portal vein(mm)
® S

MDA(nM)

lyzed by using one-way ANOVA with an unpaired
Student’s t-test. Correlations between continu-
ous parameters were assessed by using
Pearson’s correlation analysis and correlations
between discontinuous parameters were ass-
essed by using Spearman correlation analysis.
Receiver operating characteristic (ROC) curve
analyses were used to determine the diagnos-
tic sensitivity and specificity of MDA for distin-
guishing cirrhotic patients from healthy con-
trols and cirrhotic patients with or without por-
tal vein dilation. Differences of P<0.05 were
considered statistically significant.

Results

We used a compound model to evaluate the
severity of liver fibrosis through the following
parameters: Child-Pugh classification, Clinical
Biochemistry, the degree of esophageal varices
and the width of portal vein. Demographic and
clinical data are summarized in Table 1. The cir-
rhotic patients had significant higher level of
ALT, AST, GGT and total bilirubin than those of
the healthy controls (P<0.05) and lower level of
PLT as well (P<0.01). The average width of por-
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Figure 2. Correlation of plasma MDA level with
the Child-Pugh classification (A), the degree of
esophageal varices (B) and the width of portal
vein (C) in cirrhotic patients. Correlations be-
tween continuous parameters were assessed
by using Pearson’s correlation analysis and
correlations between discontinuous param-
eters were assessed by using Spearman cor-
relation analysis.

tal vein of cirrhotic patients was 13 mm, much
wider than the controls (P<0.01). Meanwhile,
the plasma MDA level of cirrhotic patients was
significantly higher than the controls as well
(P<0.001) (Figure 1A).

We next divided the cirrhotic patients into dif-
ferent subgroups according to the Child-Pugh
classification, the degree of esophageal varices
and the width of portal vein, and then com-
pared the MDA level. The result showed that
plasma MDA level increased significantly
accompanied by the severity of liver fibrosis
and portal hypertension (P<0.01) (Figure 1B-D).

Further, the correlation of plasma MDA level
with the Child-Pugh classification of cirrhosis,
the degree of esophageal varices and the width
of portal vein was performed to identify which
factors had relevance with MDA in cirrhotic
patients. The plasma MDA level were signifi-
cantly correlated with the three factors stated
above (r=0.820, P<0.001; r=0.857, P<0.001;
r=0.652, P<0.001, respectively) (Figure 2A-C),
suggesting strong relevance between them.
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No Parameter  AUC Standard 95% confidence  Sensitivity Specificity Optimal cut-off
error interval (%) (%)

A MDA 0.877 0.036 [0.806; 0.947] 78.2 86.2 426.5

B MDA 0.882 0.052 [0.780; 0.985] 824 85.8 696.0

Figure 3. Receiver operating characteristic (ROC) curve and optimal cutoff levels of MDA for distinguishing cirrhotic
patients from healthy controls (A) and cirrhotic patients with or without portal vein dilation (the width of portal vein

>13 mm, suggesting portal hypertension) (B).

The ROC curve analyses are shown in Figure 3
(sensitivity versus 1-specificity). The cutoff
value of plasma MDA to separate cirrhotic
patients from the control was 426.5 nM, and
the sensitivity and specificity was 78.2%,
86.2%, respectively (Figure 3A). However, the
cutoff value of plasma MDA to separate the
cirrhotic patients with portal vein dilation (the
width of portal vein >13 mm, suggesting portal
hypertension) was 696.0 nM and the sensitivity
and specificity was 82.4%, 85.8%, respectively
(Figure 3B).

Discussion

Oxidative stress (OS) refers to a condition under
which organism or cell reactive oxygen species
(ROS) are excessively produced and the antioxi-
dant defense function is weakened, which
causes big imbalance and damage the organ-
ism cell [11]. Portal hypertension is one of the
common and serious complications of chronic
liver disease which is caused by intrahepatic
vascular resistance and blood increase [1]. It
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had been proved that oxidative stress response
speed up the development of liver fibrosis and
lead to the initiation of the hepatic epithelioid
malfunction, which is adjusted by the bioavail-
ability of NO in the intrahepatic microcirculation
[12]. During the portal hypertension and BDL,
antioxidant treatment reduced the portal
hypertension and improved the dynamic circu-
lation in the experimental rats, suggesting that
liver cirrhotic oxidative stress promotes the
development of portal hypertension and
dynamic circulation [13, 14]. Since no clinical
proof support the relationship between oxida-
tive stress and portal hypertension so far, our
study was focus on the aspect.

In this study, it was found out that the plasma
MDA level of cirrhotic patients is higher than
that of the control. The result was accordance
with the previous researches that the virus-
related cirrhotic patients have higher oxidant
MDA level [1, 15] and suggested that more oxi-
dants stress and weaker antioxidants protec-
tion exist in the cirrhotic patients than the con-
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trol cohort. We then defined the severity of liver
cirrhosis under the criteria of Pugh’s modifica-
tion of the Child classification as grade A, B and
C. The plasma MDA level increased significantly
in the patients of grade B and C, suggesting
that MDA level may increase in the physiologi-
cal process of cirrhosis gradually. Hepatic fibro-
sis oxidative stress is an important signal of
HSC activation and disease development, how-
ever, oxidative stress is indispensable of exter-
nal and internal HSC activation [16-18].
Oxidative stress can result in chondriosome
and microsome damage [19, 20], and block the
breath link to pass the electron while any block
on the breath link will increase the ROS produc-
tion and the increased ROS production will fur-
ther increase oxygenation lipid sediment and
block the electron pass, thus forms a vicious
circle [19]. The other vicious circle is the con-
sumption of antioxidant materials [21]. The
increased plasma MDA level may partly due to
the increased oxygenation lipid during the pro-
cess of liver cirrhosis.

Further, our study discovered that cirrhotic
patients’ MDA level have positive relativity with
the width of main portal vein and esophageal
varices degree. The result demonstrated that
the variation of MDA level relate to the severity
of portal hypertension synchronously. The ves-
sel diameter width of venous system is posi-
tively related to the portal vein pressure in por-
tal hypertension caused by cirrhosis, and the
main vessel width represents the portal pres-
sure to some extent. Almost all the cirrhotic
patients have side portal vein circulation when
portal hypertension appears. MDA can restrain
acetylcholine activation of endothelium depen-
dent dilatation [22], meanwhile, NO plays key
roles in the high pressure circulation and portal
hypertension development in the development
of cirrhosis [23]. Plasma MDA level may be
considered as one of the independent factors
to predict the liver venous vein pressure, due to
the interaction NO and MDA in cirrhotic
patients.

In addition, the high plasma MDA level of the
cirrhotic patients may be caused by the
increase of enterogenous endotoxin transloca-
tion [24]. Endotoxemia enhances the release of
MDA and increases intrahepatic resistance, as
a result, increases the portal vein pressure
eventually [25, 26].
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In conclusion, oxidative stress not only pro-
motes the development of liver fibrosis, but
also changes the liver cirrhosis patient’s hae-
modynamics. The increased plasma MDA level
may strongly correlate with hemodynamic dis-
order and portal hypertension in cirrhotic
patients. The result can lead MDA into a new
non-invasive diagnostic marker of portal hyper-
tension in cirrhotic patients.
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