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BACKGROUND: Plasma D(-)-lactate and diamine oxidase
(DAO) can reflect patients’ intestinal mucosal condition.
We evaluated the changes of plasma D (-)-lactate, DAO
and endotoxin activities and their significance in patients
with liver cirrhosis.

METHODS:; Fifty liver cirrhosis patients were enrolled into
experimmental group and 30 healthy people into control
group. The plasma levels of D(-)-lactate, DAO and endo-
toxin were detected spectrophotographically.

RESULTS: The level of D(-)-lactate was significantly high-
er in the experimental group than that in the control group
(P <0.01). Significant differences of D (-)-lactate levels
were observed in Child-Pugh subgroups of the experimen-
tal group (P <0.01). The level of DAO was significantly
higher in the experimental group than that in the control
group (P <0.01), but the level of DAO in Child-Pugh sub-
group C was significantly lower than that in Child-Pugh
subgroup B (P <0.01). The level of endotoxin was signifi-
cantly increased in the experimental group except Child-
Pugh subgroup A (P <0.01). The plasma levels of D(-)-
lactate, DAO and endotoxin were positively correlated with
each other (P <0.01).

CONCLUSIONS: The data suggest that both plasma D(-)-
lactate and DAO activity are sensitive markers for early
diagnosis of gut failure and endotoxemia in patients with
liver cirrhosis. The impairment of intestinal barrier func-
tion may be one of the critical reasons for deterioration of
liver cirrhosis.
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Introduction

ncreased gut permeability and endotoxemia play a
I critical role in multiple organ failure. ') Endotoxe-

mia and small intestinal bacterial overgrowth often
occur in patients with liver disease. ) Since endotoxe-
mia, intestinal bacterial overgrowth and increased gut
permeability can form a vicious circle, ) it is very im-
portant to evaluate intestinal permeability and mucosal
impairment of patients with liver disease. Evaluation of
intestinal permeability include gas chromatography of
ethylene diamine tetraacetic acid'*) or sugar molecules.>’
Unfortunately, these tests are poorly used clinically be-
cause of their complicated procedures.

Endotoxemia and intestinal barrier failure deterio-
rate liver cirrhosis. D(-)-lactate is produced by bacteria
in the human gastrointestinal tract. In mammal tissues,
there is no enzyme system for metabolism of D (-)-lac-
tate. Evaluation of plasma D (-) -lactate indicates prompt-
ly the change of intestinal permeability.'®! Since diamine
oxidase (DAQO) in layer of villi of the intestinal mucosa
reflects the function and structure of the small intestine,
the plasma level of DAO can be used as a marker for
evaluation of maturation and integrity of the intestinal
mucosa. |7 Moreover, endotoxin may greatly aggravate
injury of the intestinal mucosa in patients with liver cir-
rhosis. In this study we measured the plasma levels of
D(-)-lactate, DAO and endotoxin and their changes in
50 patients with liver cirrhosis.

Methods

Patients

Fifty patients with liver cirthosis, who had been treated
at the Department of Infectious Diseases, Renmin Hos-
pital, Wuhan University from October 2002 to March
2003, were studied, and 30 healthy volunteers served as
controls. The inclusion criteria for the patients were
consistent with the Chinese Protocal for Prophylaxis and
Treatment of Viral Hepatitis issued by the Chinese
Society for Infectious Diseases and Parasitic Diseases. 8]
Child-Pugh classification was used to evaluate liver func-
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tion.[%) The causes of liver cirrhosis in all patients were
infection of hepatitis B virus. The patients consisted of
36 men and 14 women, aged from 18 to 61 years
(41.7 £11.7), and none of them had gastrointestinal in-
fection, ulceration, or renal diseases. The diagnosis of
liver cirrhosis was based on clinical history, symptoms,
and signs, hematological data, and ultrasonographic or
CT findings. There were no statistical differences in age
and gender between the patients and controls.

Reagents and methods

Plasma was collected for determination of D (-)-
lactate, DAQO and endotoxin. The level of D(-)-lactate
was measured using the enzymatic-spectrophotometric
method.l6] D (-) -lactate standard stock solution and D-
lactic dehydrogenase were purchased from Sigma Che-
mical Company, USA. DAO was detected using the
o-diamisidine reagent method. [10] O-diamisidine, ca-
daverine dihydrochloride, horseradish peroxidase, and
DAO standard stock solution were also purchased from
Sigma Chemical Company, USA. The level of endoto-
xin was determined using a chromogenic limulus amoe-
bocyte lysate test kit according to the manufacturer’ s in-
structions ( Shanghai Biochemical Institute, Shanghai,
China).[1!]

Statistical analysis

The data were expressed as mean *SD. Student’s ¢
test, ANOVA and linear correlation analysis using SPSS
software (11.5 edition) were used.

Results

The plasma levels of D(-)-lactate, DAO and endotoxin
were significantly higher in the patients than in the con-
trols ( P <0.01, Table 1).

The plasma levels of D(-) -lactate, DAO and endo-
toxin in different Child-Pugh subgroups are shown in
Table 2. The levels of D(-) -lactate and DAO of the pa-
tients were significantly higher than those of the controls
(P <0.01). Endotoxin levels of Child-Pugh subgroups
B and C were also significantly higher than those of the
controls ( P <0.01); but there was no significant diffe-
rence in endotoxin level between Child-Pugh subgroup
A and the controls ( P >0.05). The comparison of dif-
ferent Child-Pugh subgroups showed that the DAO le-

Table 1. The results of plasma D(-)-lactate, DAO and endotoxin
in patients with liver cirrhosis (mean SD)

] D(-)-lactate Endotoxin
Groups n (mg/L) DAO (U/mL) (U/ml)
Subjects 50 13.214£9.15* 5.07+£1.80* 0.72+0.25*
Controls 30 0.77 £0.25 1.93+0.75 0.48+0.19

= P<0.01.
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Table 2. The alterations of plasma 1> (-) -lactate, IDAO and endo-
toxin in different Child-Pugh groups (mean+SDD)

] D(-) -lactate Endotoxin
Groups (mg/L) DAQO (U/mL) (U/nl)
Child-Pugh A 19 6.56 12,26 * 4.07+1.27* 0.5810.12*
Child-Pugh B 17 11.60+5.44* 6.79+1.85*% 0.75+0.17 *
Child-Pugh C 14 23,77 £8.99 * 4.3520.91* 1.06£0.20*
Controls 30 0.7710.25 1.93£0.75 0.4810.19
1 P<0.01.

Table 3. Correlation of the levels of 1D(-)-lactate, 12AO and en-
dotoxin

¥/ x ¥ P<

DAO/ endotoxin 0.321 0.01
D()-lactate/ DAO 0.413 0.01
D(-)-actate/ endotoxin 0. 658 0.01

vel of Child-Pugh subgroup B was significantly higher
than that of Child-Pugh subgroup C (P <0.01); but
there was no significant difference between Child-Pugh
subgroups C and A (P >0.05). The linear correlation
analysis of plasma levels of D (-)-lactate, DAQ, endo-
toxin showed that the plasma level of DAQO was positive-
ly correlated with that of endotoxin in the patients (r=
0.321, P <0.01, Table 3). This positive correlation-
ship was also found between the plasma levels of DAO
and D(-)-lactate (r=0.413, P <0.01) as well as be-
tween levels of endotoxin and D(-)-lactate (r=0.658,
P <0.01).

Discussion

D (-)-lactate, a product of bacterial fermentation, is
produced by many bacteria in the gastrointestinal tract.
Not produced and not metabolized in mammal tissues,
or even it is found in these tissues, its metabolism is very
slow. In general, the plasma level of D(-) -lactate in hu-
mans is quite low.!?) During gut failure, intestinal per-
meability is increased, leading to an efflux of bacteria
and their metabolic products into the circulation, inclu-
ding D (-) -lactate. Therefore, D (-) -lactate is a useful
early predictor for elevation of intestinal permeability and
gut failure. Munray et all'*) demonstrated that plasma
levels of D(-)-lactate in patients with mesenteric ische-
mia were significantly elevated compared with those of
patients with acute or insidious abdominal deseases. D(-) -
lactate level in blood was considered a useful marker for
the diagnosis of gut failure caused by acute mesenteric is-
chemnia.[ 3]

DAO, a high-activity intracellular enzyme, cataly-
zes and metabolizes histamine, putrescine and cadaverine
and presents predominantly within the intestinal mucosa,
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kidney and placenta but little in plasma.[*] DAO makes
putrescine oxidized into amino butyladehyde and cy-
clized into pyrrole. The activity of DAQ is closely asso-
ciated with villi height, nucleic acid, and protein syn-
thesis of intestinal mucosal cells.[’>) When the small in-
testinal barrier is injuried, intestinal mucosal cells exfo-
liate into the bowel lumen, making the activity of mu-
cosal DAQO decreased. When DAO enters the lymphatic
vessel in the intercellular space and blood stream, the
plasma level of DAQO is increased. Therefore, the high
activities of plasma DAQO reflect the impairment degree
of the intestinal tract. Many investigators suggested that
combined determination of plasma DAQO activity and the
ratio of urine lactulose to mannitol excretion could judge
the structural and functional alterations of the intestinal
mucosa. The activitly of plasma DAO reflects intestinal
permeability more validly and promptly.-1¢]

In this study we determined alterations of plasma
D(-)-lactate, DAO and endotoxin in order to evaluate
the function of intestinal barrier and permeability in pa-
tients with liver cirthosis. The level of endotoxin was
normal, but the plasma levels of D (-)-lactate, and
DAO were increased in Child-Pugh subgroup A. The
results indicated that impairment of intestinal barrier and
high intestinal permeability exist even in patients with
early stage liver cirthosis without endotoxemia. In Child-
Pugh subgroup B, the levels of the three markers in-
creased markedly, but in Child-Pugh subgroup C, plas-
ma levels of D (-)-lactate and endotoxin peaked, while
DAO decreased. The changes of D(-) -lactate and DAO
suggested serious injury of the intestinal barrier, high in-
testinal permeability, and endotoxemia with deteriora-
tion of liver function. Hence, intestinal barrier dysfunc-
tion and high intestinal permeability play an important
role in the pathogenesis of bacterial translocation, infec-
tion and endotoxemia in patients with liver cirrhosis 7]
which aggravate liver failure and multiple organ failure.
The defense mechanisms of the normal intestinal tract in-
clude ecological equilibrium of the intestinal lumen flo-
ra,l®] mechanical factors of the intestinal lumen mucosal
barrier,! ") an intact immune response in the intestinal
tract,[20] and the gut-liver feedback axis. These factors
maintain the physiological condition of the intestine to
avoid bacterial overgrowth and prevent endotoxemia.[?1]
In patients with liver cirrhosis, many factors such as the
disappearance of migrating motor complex ( MMC) of
the small intestine [} the changes of gut hormones and
inflammation media and neurotransmitters [22>) and gut
stasis can lead to dysfunction and failure of the intestinal
barrier and overgrowth of bacteria in the small intestine
(especially G-flora).[26:77]

Excessive proliferation of the intestinal flora will
impair mesenteric cell architecture and shorten or exfo-
liate the intestinal villi.'*®) Endotoxins produced by G-
bacteria pass through the intestinal mucosa into blood
and impair the liver directly by activating kupffer cells
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which produce inflammatory mediators, with hypoxia
and acidosis of the intestinal mucosa, increased intestinal
permeability, and bacterial translocation.l?-3] In this
study Child-Pugh subgroup C showed not only increas-
ed intestinal permeability, but also bacterial overgrowth
of the small intestine .>') which contributed to the peak
level of D (-)-lactate. As to DAQ, mucosal lesions of
the intestine lead to temporary elevation of the plasma
level of DAO because of impairment of the intestinal
epithelium and DAQO pouring into blood. In advanced
stage of gut failure due to serious necrosis and exfoliation
of intestinal mucosal cells, the plasma level of DAO was
decreased. [7) In this study, the low plasma level of
DAOQO in Child-Pugh subgroup C was also due to serious
gut failure and endotoxemia. It was reported that in pa-
tients with liver cirrhosis, the plasma level of endotoxin
was elevated and the increasing rate was dependent on
the impairment severity of liver function. 3233 Our re-
sults have confirmed this finding. The positive relation-
ship between levels of D (-) -lactate and endotoxin in this
study indicated that D{-) -lactate might be a specific pre-
dictor for endotoxemia, and that both plasma D(-) -lac-
tate and DAO levels are sensitive markers in early diag-
nosis of gut failure. Bacterial overgrowth of the small in-
testine, increased intestinal permeability, and endotoxe-
mia play an important role in deterioration of liver cir-
rhosis.
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