
CONCLUSION: Ligation of mesenteric lymph duct 
could improve the disturbance of organic function and 
morphologic damage in two-hit rats; the lymphatic 
mechanism in two-hit should be emphasized.

© 2006 The WJG Press. All rights reserved.

Key words: Two-hit; Mesenteric lymph duct; Ligation; 
Organs; Humoral factor

Niu CY, Li JC, Zhao ZG, Zhang J, Shao XH. Effect of intestinal 
lymphatic circulation in two-hit rats. World J Gastroenterol 
2006; 12(36): 5805-5812

 http://www.wjgnet.com/1007-9327/12/5805.asp

INTRODUCTION
Multiple organ dysfunction syndrome (MODS) is a 
common but poorly understood complication in a variety 
of  critical illnesses[1-3]. In recent years, much attention 
has been paid to the study of  MODS, and encouraging 
progress has been achieved. It has been accepted that 
the lymph system has an independent function and 
significance, which is different from the traditional concept 
that it is an assistant system of  organic fluid circumfluence. 
In various pathogenesis of  MODS, the complicated net 
of  inflammatory mediators and cytokines is increasingly 
noticed. It has always been believed that their transport 
and transmit are via blood[4-6]. However, whether the 
lymphatic pathway is meaningful to pathogenesis of  
MODS is yet to be clarified. We previously showed that 
lymph microcirculation is closely related to the occurrence 
and development of  shock[7,8]. Deitch et al[9-12] reported 
that mesenteric lymph could activate neutrophils in vivo 
and ex vivo, promote the development of  acute lung 
injury after resuscitation of  hemorrhagic shock; when 
mesenteric lymph duct was ligated in advance, lung injury 
could be avoided. In the present study, in order to disclose 
the pathogenic importance of  mesenteric lymph in 
MODS, the two-hit model was duplicated by two-hits of  
hemorrhage/resuscitation and lipopolysaccharide (LPS); 
the protective effect of  intestinal lymphatic circulation 
block on organs in two-hit rats was investigated, and the 
influence of  mesenteric lymph duct ligation on nitric oxide 
(NO) and free radicals in two-hit rats was explored.
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Abstract
AIM: To study the effect of blocking intestinal lymphatic 
circulation in two-hit rats and explore the significance of 
intestinal lymphatic circulation in two-hit.

METHODS: Wistar rats were divided equally into three 
groups: mesenteric lymph duct ligation group, non-
ligation group and sham group. Mesenteric lymph was 
diverted by ligation of mesenteric lymph duct, and 
the two-hit model was established by hemorrhage 
and lipopolysaccharide (LPS) methods. All rats were 
sampled for serum pre-experiment and 24 h post-
experiment. The organs including kidney, liver, lung and 
heart were collected for pathomorphologic observation 
and biochemical investigation. The nitric oxide (NO), 
malondialdehyde (MDA) and superoxide dismutase (SOD) 
were determined in serum and tissue homogenate.

RESULTS: Pathomorphology study showed that the 
structures of kidney, lung, liver and heart tissues were 
normal in sham group; congestion, degeneration and 
necrosis in non-ligation group; but only mild lesions in 
ligation group. After two-hits, the contents of AST, ALT, 
BUN, Cr and LDH-1 in the serum of non-ligation group 
and ligation group were obviously higher than that in 
pre-experiment group and sham group, but obviously 
lower than that in non-ligation group. The contents of 
NO2

-/NO3
-, NOS, iNOS and MDA in the serum of non-

ligation group were significantly increased, compared 
with pre-experiment and sham group, but SOD was 
significantly lower. These parameters were significantly 
different in ligation group compared with that in sham 
group, but NO2

-/NO3
-, iNOS and MDA in ligation group 

were significantly lower than that in non-ligation group.
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MATERIALS AND METHODS
Animals 
Forty-five male Wistar rats weighing 280 to 350 g (supplied 
by the Experimental Animal Center of  Hebei Medical 
University), were divided equally into three groups: 
mesenteric lymph duct ligation group, non-ligation group 
and sham group.

Duplication of two-hit model
Rats were generally anesthetized with pentobarbital sodium 
(50 mg/kg) by intramuscular injection. A median incision 
was made in nuchae. The right common carotid arteries 
and left jugular veins were dissected, and cannulated to 
facilitate the blood withdrawal and infusion resuscitation. 
The two-hit model was duplicated by modified Spain’
s method[13]. Blood (one sixth of  body blood volume 
and one thirteenth of  avoirdupois) was drawn by the 
automatic withdrawal-infusion machine (type of  ZCZ-50) 
until the mean arterial pressure fell to a low level (less 
than 50 mmHg). The rate in the beginning was 0.4 mL/
min for 5 min, then uniform velocity maintained at 0.1 
mL/min. The process of  blood withdrawal lasted more 
than 20 min and the blood was stored for serum tests. 
After being hypotensive for 40 min, the rats of  both the 
ligation group and non-ligation group were resuscitated 
by Ringer’s solution for as much as 3 times the lost blood 
volume for more than 30 min, then ligated through the 
right common carotid arteries and left jugular veins, and 
the incisions were then sutured. All the rats of  the three 
groups received an abdominal operation with a vertical 
incision of  4 cm in length. The end of  the mesentery 
was exposed. The mesenteric lymphatic ducts, which ran 
along the superior mesenteric artery, were separated. The 
rats of  the ligation groups were additionally ligated at the 
mesenteric lymph duct, whereas sham and non-ligation 
groups were not, these were only threaded with cotton 
below the mesenteric lymph duct and then the abdomen 
was closed. After 6 h, LPS (O111:B4, Sigma) was injected 
intraperitoneally at a dose of  4 mg/kg, and 5% glucose 
saline at 20 mL/kg every 2 h until after 22 h for supportive 
therapy. After 24 h, all rats were anesthetized again with 
sodium pentobarbital (25 mg/kg), and their left common 
carotid arteries were cannulated to sample blood for serum 
tests by centrifugation. Then all rats were sacrificed and 
the organs were taken out, including the kidney, liver, lung 
and heart. Microscopic sections were made. The sera and 
tissue homogenate were stored at -26℃ for later use.

Biochemical indexes and pathomorphology
The biochemical indexes of  hepatic and renal function 
and myocardiac enzymes including the aspar tate 
aminotransferase (AST), alanine aminotransferase (ALT), 
blood urea nitrogen (BUN), creatinine (Cr), lactic acid 
dehydrogenase-1 (LDH-1) were determined before 
and after experimentation by an automatic biochemical 
analyzer type of  Aeroset. The kidney, liver, lung and heart 
tissues were fixed by formaldehyde, embedded in paraffin, 
sliced and stained by HE. The pathological changes of  the 
tissues were observed.

Determination of NO-
2/NO3

-, NOS, SOD and MDA in serum 
and tissue homogenate
The concentrations of  NO2

-/NO3
-, nitric oxide synthase 

(NOS), inducible nitric oxide synthase (iNOS), superoxide 
dismutase (SOD) and malondialdehyde (MDA) in serum 
and tissue homogenate were determined by nitrate 
reductase method, chemical chromogenic reaction, 
modified TBA microdetermination, xanthinoxidase 
method (Naijing Jiancheng, China).

Statistical analysis
All data were expressed as mean ± SD. SPSS software 
(Version 11.0 for Windows 98) was employed, one-way 
analysis of  variance was used between groups, paired t test 
within group, and χ2 test for survival analysis. P < 0.05 was 
considered statistically significant. 

RESULTS
Survival rate of two-hit rats
In the process of  the two-hit for 24 h, the survival rates 
of  rats in the sham group, non-ligation group and ligation 
group were 100% (15/15), 53.3% (8/15), 73.3% (11/15) 
respectively, with a significant difference between the three 
groups (χ2 = 8.904, P < 0.05).

Effect of mesenteric lymph duct ligation on biochemical 
indexes in two-hit rats 
There was no obvious difference between the three groups 
in the serum biochemical indexes of  liver, kidney and 
cardiac muscle function before experimentation, as well as 
before and after experimentation in the sham group. The 
levels of  AST, ALT, BUN, Cr and LDH-1 in the ligation 
group and non-ligation group were obviously higher than 
that in the sham group after experimentation, as well as 
before experimentation (P < 0.01, P < 0.05). The levels 
of  ALT, BUN and Cr in the ligation group were obviously 
lower than that in non-ligation group (P < 0.01, Table 1).

Pathomorphologic changes of the vital organs
Kidney: The structure of  the glomerulus and renal tubule, 
proximal and distal convoluted tubes were seen clearly in 
the sham group (Figure 1A). Fibrinoid necrosis of  capillary 
vessels of  the glomerulus, plasma protein precipitation in 
the glomerular capsule, and necrosis in some renal tubules 
could be observed in the non-ligation group (Figure 1B). 
There was fibrinoid necrosis on the capillary wall of  the 
glomerulus in the ligation group, but only a few protein 
casts in the renal tubule (Figure 1C).
Lung: In the sham group, the structure of  the alveolus 
was normal. The alveolar wall was thin. There were 
alveolar epithelial cells on the surface. Capillary vessels 
of  the alveolar wall were not dilated or congested. There 
was no exudate in the alveolar cavity (Figure 2A). In the 
non-ligation group, severe monopyrenous cell hyperplasia 
and hemorrhage in the alveolar gap could be seen, leading 
to atelectasis and some alveolar emphysematous change 
(Figure 2B). In the ligation group, there were hyperplasia 
of  monopyrenous cells and hemorrhage in the alveolar 
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gap, resulting in widening of  the alveoar gap and atrophy 
of  alveoli. The surrounding alveoli were compensatorily 
emphysematous and the alveolar walls were thinner and 
broken. The local blood vessels were dilated and hematose 
(Figure 2C).
Liver: In the sham group, the central vein of  the liver 
lobule was dilated slightly. The liver cells were arranged 
sl ightly disordered, but al l were of  the same size. 

Their nucleoli were round and centrally located. Their 
karyotheca was clear (Figure 3A). In the non-ligation 
group, the liver cells were necrotic, with karyopycnosis, 
karyorrhexis, karyolysis and focal hemorrhage (Figure 3B). 
In the ligation group, the central vein of  the liver lobule 
and the surrounding liver sinuses were obviously dilated 
and hematose. Liver cells arranged disorderly, but their 
conformations were normal (Nucleoli were of  the same 

Table 1  Effect of mesenteric lymph duct ligation on biochemical indexes of two-hit rats (mean ± SD)

Group n AST (nkat/L) ALT (nkat/L) BUN (mmol/L) Cr (μmol/L) LDH-1 (nkat/L)

Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp

Sham    15    15 1767 ± 333 1917 ± 550 533 ± 150   583 ± 283 7.4 ± 1.0   8.5 ± 1.6 47.7 ± 22.1   50.9 ± 31.7 4334 ± 2033 4051 ± 2567
Non-ligation    15      8 1817 ± 633 5801 ± 1900b,d 550 ± 133 4117 ± 1450b,d 7.5 ± 0.9 21.8 ± 3.5b,d 47.5 ± 18.9 213.9 ± 81.2b,d,f 4017 ± 2017 7985 ± 2267b,d

Ligation    15    11 1667 ± 483 5184 ± 2300b,d 500 ± 167 2967 ± 1217b,d,f 7.8 ± 1.1 15.5 ± 5.6b,d,f 43.3 ± 18.4 142.0 ± 66.1a,b,d 4917 ± 1767 7151 ± 2250b,d

bP < 0.01 vs pre-exp; dP < 0.01 vs sham; aP < 0.05, fP < 0.01 vs  non-ligation.

Figure 1  Effect of mesenteric lymph duct ligation on pathomorphology of kidney 
in MODS rats (HE × 200). A: Sham; B: Non-ligation; C: Ligation.
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Figure 2  Effect of mesenteric lymph duct ligation on pathomorphology of lung in 
MODS rats (HE × 100). A: Sham; B: Non-ligation; C: Ligation.
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size, round and centered. The karyotheca was clear.). Only 
some liver cells were necrotic, such as karyopycnosis, 
karyorrhexis and karyolysis (Figure 3C).
Cardiac muscle: In the sham group, the structure of  
the cardiac muscle fiber was normal. Cell nucleolus was 
centered, karyotheca was clear, and cardiac muscle cells 
were of  the same size (Figure 4A). In the non-ligation 
group, there were coagulation necroses in the cardiac 
muscle fiber. Only the nucleolus of  the myocardial 
mesenchyme was left, with focal sarcoplasm lysis and 
necrosis. A few structures of  mesenchyme were seen 
(Figure 4B). In the ligation group, there were focal 
sarcoplasm coagulations in the cardiac muscle fiber. The 
nucleolus disappeared and the myocardial mesenchyme 
had focal infiltration of  inflammatory cells (Figure 4C).

Effects of mesenteric lymph duct ligation on NO content 
and NOS activity in two-hit rats 
Effects on NO content and NOS activity in serum: 
The contents of  NO2

-/NO3
-, NOS and iNOS in serum 

had no significant difference between the three groups 
before experimentation and in the sham group between 
pre- and post-experimentation. After two-hit, the contents 
of  NO2

-/NO3
-, NOS and iNOS in the serum of  the non-

ligation group were significantly higher than that before 
experimentation and in the sham group (P < 0.01). The 
contents of  NO2

-/NO3
- and NOS of  the ligation group 

were significantly higher than that in the sham group (P < 
0.05), but were significantly lower than in the non-ligation 
group (P < 0.01, Table 2).
Effects on NO content and NOS activity in tissue 
homogenate: Compared with the sham group, the 
contents of  NO2

-/NO3
- in intestine, kidney, liver, lung 

and heart homogenates in the non-ligation group were 
significantly increased (P < 0.01), as well as in kidney, 
lung and heart homogenate in the ligation group, but no 
significant difference existed in intestine and liver (P > 
0.05). The contents of  NO2

-/NO3
- in intestine, kindey and 

liver homogenate of  the ligation group were significantly 
lower than that of  the non-ligation group (P < 0.01), but 
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Figure 3  Effect of mesenteric lymph duct ligation on pathomorphology of liver in 
MODS rats (HE × 100). A: Sham; B: Non-ligation; C: Ligation.

Figure 4  Effect of mesenteric lymph duct ligation on pathomorphology of heart in 
MODS rats (HE × 200).  A: Sham;  B: Non-ligation;  C: Ligation.
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lung and heart homogenate had no significant difference 
between the two groups (P > 0.05). The NOS activity 
in intestine and kidney homogenate of  the non-ligation 
group was significantly increased compared with the 
sham group (P < 0.01, P < 0.05), and that in liver, lung 
and heart homogenate seemed to be increased, but with 
no significant difference (P > 0.05). The iNOS activity in 
intestine homogenate of  the non-ligation group was higher 
than that of  the sham group (P < 0.01), but kidney, liver, 
lung and heart homogenate had no significant difference (P 
> 0.05). The NOS and iNOS activity in intestine, kidney, 
liver, lung and heart homogenate of  the ligation group had 
no significant difference compared with the sham group 
and the non-ligation group (P > 0.05, Table 3).

Effects of mesenteric lymph duct ligation on SOD activity 
and MDA content in two-hit rats
Effects on SOD activity and MDA content in 
serum: The SOD activity and MDA content in serum 
had no significant difference in the three groups before 

experimentation and in the sham group pre- and post-
experimentation (P > 0.05). After experimentation, the 
MDA content of  serum in the non-ligation group and 
ligation group were significantly increased than that of  pre-
experimentation and in the sham group (P < 0.01), but the 
MDA content in the ligation group was significantly lower 
than that of  the non-ligation group (P < 0.01). The SOD 
activity in the non-ligation group was significantly lower 
than that of  pre-experimentation, sham group and ligation 
group (P < 0.01), but SOD activity in the ligation group 
had no significant difference from pre-experimentation 
and in the sham group (P > 0.05, Table 4).
Effects on SOD activity and MDA content in tissue 
homogenate: The SOD activity of  intestine homogenate 
in non-ligation group was significantly lower than that in 
sham group (P < 0.05), but SOD activity of  intestine and 
heart in ligation group was higher than that in non-ligation 
group (P < 0.05), whereas in other tissue homogenates it 
had no significant difference (P > 0.05). The MDA content 
of  intestine, kidney and liver homogenate in the non-

Table 2  Effect of mesenteric lymph duct ligation on NO2
-/NO3

-, NOS and iNOS in serum of two-hit rats (mean ± SD)

bP < 0.01 vs pre-exp; aP < 0.05, dP < 0.01 vs sham; fP < 0.01 vs  non-ligation.

Group n NO2
-/NO3

- (mmol/L) NOS (nkat/L) iNOS (nkat/L)

Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp

Sham 15 15 84.2 ± 48.4 79.4 ± 33.3   245 382 ± 132 026 219 544 ± 78 349 87 851 ± 43 842  71 681 ± 37 647

Non-ligation 15   8 88.6 ± 38.5  217.1 ± 48.1b,d 251 550 ± 69 347    389 411 ± 90 851b,d 91 685 ± 22 338    175 035 ± 45 009b,d

Ligation 15 11 86.3 ± 41.7   159.9 ± 44.1b,d,f   265 053 ± 102 520    312 562 ± 129 193a 85 017 ± 42 842  109 355 ± 24 005f

Table 3  Effect of mesenteric lymph duct ligation on NO2
-/NO3

-, NOS and iNOS in homogenate of two-hit rats (mean ± SD)

                      Group (n) Intestine Kidney Liver Lung Heart

NO2
-/NO3

-  (μmol/g) Sham (15)  3.3 ± 1.0   1.4 ± 0.3   1.6 ± 1.0 1.4 ± 0.5   2.0 ± 0.4

Non-ligation (8)   9.1 ± 2.9b    5.1 ± 1.4b    4.0 ± 1.2b  3.2 ± 0.9b    3.5 ± 0.9b

Ligation (11)    4.3 ± 2.2d      2.9 ± 0.7b,d    2.2 ± 0.8d  2.7 ± 0.7a    3.1 ± 0.6a

NOS (nkat/g) Sham (15) 20.7 ± 4.7 11.2 ± 4.5 12.2 ± 4.3 0.62 ± 0.17 24.8 ± 3.7
Non-ligation (8)  30.2 ± 9.7a   15.5 ± 6.3b 18.8 ± 8.2 0.84 ± 0.32 28.5 ± 5.1

Ligation (11) 27.0 ± 6.8 13.7 ± 4.5 13.5 ± 3.8 0.73 ± 0.15 26.5 ± 5.1

iNOS (nkat/g) Sham (15)   9.8 ± 2.2   6.2 ± 2.8   5.8 ± 2.8 4.0 ± 1.0 11.0 ± 4.0

Non-ligation (8)  15.3 ± 3.8b   7.7 ± 3.3   8.0 ± 5.0 7.0 ± 3.2 15.2 ± 6.0

Ligation (11) 12.0 ± 2.3   7.0 ± 4.0   7.0 ± 3.5 5.7 ± 1.3 12.0 ± 4.0

aP < 0.05, bP < 0.01 vs sham; dP < 0.01 vs non-ligation.

Table 4  Effect of mesenteric lymph duct ligation on SOD and MDA in serum of two-hit rats (mean ± SD)

Group n SOD (nkat/L) MDA (μmol/L)

Pre-exp Post-exp Pre-exp Post-exp Pre-exp Post-exp

Sham 15 15 1 732 013 ± 134 027 1 687 004 ± 100 020 6.01 ± 1.53 6.82 ± 1.17

Non-ligation 15   8 1 711 342 ± 139 195    1 394 446 ± 210 542b,d 5.55 ± 1.18  10.06 ± 1.28b,d

Ligation 15  11 1 664 666 ± 116 690  1 610 489 ± 149 197f 6.46 ± 1.48     8.52 ± 1.16b,d,f

bP < 0.01  vs  Pre-exp;  dP < 0.01 vs sham;  fP < 0.01 vs non-ligation.
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ligation group and of  kidney and liver homogenate in the 
ligation group were higher than that in the sham group (P 
< 0.05). The MDA content of  lung and heart homogenate 
in non-ligation and of  intestine, lung, heart homogenate 
in the ligation group had no significant difference from 
those of  the sham group (P > 0.05), and no significant 
difference existed between the non-ligation group and the 
ligation group, either (P > 0.05, Table 5).

DISCUSSION
The occurrence of  MODS is related to the pathogenic 
causes such as trauma, shock, ischemia-reperfusion injury 
and endotoxemia, etc[14]. The various inflammatory cells 
are continuously stimulated and activated by pathogenic 
factors, producing and releasing mass cytokines and 
inflammatory mediators. There are complex chain reactions 
and cytokine networks between cytokines, cytokine and 
inflammatory mediators[12,15]. In the process of  production 
and release, they stimulate each other, act synergistically, 
or inhibit and counteract with each other, producing a 
cytokine cascade effect, and gradually an amplified effect 
on every organ and system, leading to the non-specific 
injury of  tissues, damage of  organs, and finally the 
occurrence of  systemic inflammatory response syndrome 
(SIRS)[1,16-19]. This is also the important pathophysiologic 
mechanism causing MODS. The MODS model can be 
made by one-hit and two-hit methods[13]. In our study, the 
MODS rat model was successfully established by a two-
hit method of  hemorrhage/resuscitation and LPS, and 
the two-hit model showed different degrees of  damage 
and dysfunction of  liver, kidney and myocardium from 
pathomorphology and biochemical indexes of  hepatic, 
renal function and myocardial enzyme at pre- and post-
experimentation. Through this model, the effect of  
blocking intestinal lymphatic circulation in two-hit rats was 
studied.

In pathogenesis of  diphase type MODS, damage of  
the intestinal barrier function would induce intestinal 
endotoxemia and bacterial translocation from intestine[14,21]. 
The circumfluence of  intestinal and celiac contents has 
both blood and lymph routes[22]. We investigated the 
importance of  intestinal mesenteric lymph circumfluence 
in MODS pathogenesis in two-hit rats by l igating 
mesenteric lymphatic duct. The biochemical indexes of  
liver, kidney, and heart function before and after two-hit 
in three groups showed that after two-hit, the contents of  
AST, ALT, BUN, Cr and LDH-1 in the serum of  the non-

ligation group and ligation group were obviously higher 
than that before experimentation and in the sham group. 
The contents of  ALT, BUN and Cr in the ligation group 
were obviously lower than in the non-ligation group. All 
these suggest that the ligation of  mesenteric lymph duct 
had a protective effect on the function of  liver, kidney 
and heart because the ligation led to a decrease of  the 
entry of  intestinal bacteria and endotoxins into blood. 
A pathomorphologic study showed that the cellular 
structures of  the kidney, lung, liver and heart tissues in the 
sham group were normal, while congestion, degeneration 
and necrosis were found in organs of  the non-ligation 
group, and only mild lesions could be found in the ligation 
group. It suggests that the ligation of  mesenteric lymph 
duct had a protective effect on the liver, kidney, lung, and 
heart in two-hit rats. In addition, ligating mesenteric lymph 
duct could help resuscitation from two hits of  hemorrhage 
and LPS, improve the survival rate; meanwhile it also 
confirmed the protective effects of  mesenteric lymph 
diversion.

After LPS was injected into the abdominal cavity of  the 
wounded rats, the histology of  lymphatic tissue showed 
that there existed a lymphatic micronet at the visceral and 
parietal peritoneum; the largest surface area was those 
covering the digestive tube. These lymphatic capillary nets 
formed the lymphatic plexus, which sent out collecting 
lymphatic vessels to regional nodes. Mesenteric lymph 
duct is a chief  excurrent passage. When the function of  
intestinal barrier was damaged, the toxic substance also 
could be translocated through mesenteric lymph duct [23]. 
By ligation of  mesenteric lymph duct, the blockage of  
the lymph stream from intestines and peritoneum would 
make LPS (MW = 30 kD) and other intestinal poisonous 
substances difficult to get into mesenteric lymph duct, thus 
relieving the morphologic damage and functional disorder 
of  many organs. 

Intestinal barrier dysfunction and intestinal infla-
mmation caused by bacteria/endotoxin translocation 
(BET) are the main reason for pyotoxinemia and MODS 
in severe inflammatory patients with unclear origin[24-27]. 
In recent years[28,29], some scholars also put forward that 
the intestines are the “center” organ for MODS and the 
chief  cell origin for TNFα. Thus the intestines are not 
only the target organs of  damage, but also the main links 
in MODS. In our experiment, probably via blocking the 
linkage function of  the intestines as center organs, ligation 
of  mesenteric lymph duct exerted the protective effect on 
several organs. From the contents of  NO, NOS, iNOS 

Table 5  Effect of mesenteric lymph duct ligation on SOD and MDA in homogenate of two-hit rats (mean ± SD)

aP < 0.05 vs sham;  cP < 0.05 vs non-ligation.

                Group (n) Intestine Kidney Liver Lung Heart

SOD (nkat/g) Sham (15) 442 255 ± 77 349 273 221 ± 43 009 205 374 ± 35 840 226 212 ± 38 174 300 227 ± 58 011
Non-ligation (8)  330 399 ± 77 516a 268 720 ± 20 504 204 874 ± 20 838 175 035 ± 44 676 241 882 ± 56 178
Ligation (11)  467 594 ± 74 182c 256 885 ± 28 172 212 376 ± 35 674 192 205 ± 47 009  339 235 ± 49 510c

MDA (μmol/g) Sham (15)   2.26 ± 0.65   1.62 ± 0.45   1.66 ± 0.52   1.12 ± 0.25   1.33 ± 0.36
Non-ligation (8)    3.28 ± 0.58a   2.28 ± 0.16a    2.27 ± 0.28a   1.34 ± 0.33   1.84 ± 0.62

Ligation (11)   2.81 ± 0.59   2.22 ± 0.58a    2.24 ± 0.34a   1.32 ± 0.20   1.52 ± 0.40
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and MDA in serum and tissue homogenate, it indicates 
that the cytokine cascade reaction was induced by two-
hits of  hemorrhage and LPS. It also suggests that ligation 
could reduce iNOS, NOS, NO and free radicals produced 
and released by the intestines into the systemic circulation 
through lymph ducts, thus alleviating their damage to the 
organs.

LPS is a main component of  the outer cell wall 
structure of  Gram-negative bacteria. Although micro-
lymph ducts have the function of  absorbing macromolecu-
lar substances actively, in this experiment, LPS was 
injected into the abdominal cavity, but not the digestive 
cavity directly. Therefore, the majority of  LPS not only 
could be absorbed via the visceral peritoneum of  the 
digestive tube which has the largest area, but also could 
be absorbed via micro-lymph ducts of  other visceral 
peritoneum, then through lymphatic plexus which send 
out collecting lymphatic vessels to regional nodes, or 
through microvessels into blood. This might be the reason 
for high MDA content in liver and kidney homogenate of  
the ligation group, which was significantly higher than that 
of  the sham group, but not significantly different from the 
non-ligation group.

In conclusion, ligation of  mesenteric lymph duct has 
a protective effect in two-hit rats. It could reduce the 
production of  iNOS, synthesis of  NO, release of  free 
radicals, and consumption of  SOD, thus improving the 
disturbance of  organic function and pathomorphological 
changes, and relieving the damage of  two-hits on kidney, 
liver, lung, heart and intestine. It indicates that mesenteric 
lymph plays an important role in cytokine production 
and transportation of  inflammatory response mediators 
in two-hit rats. Blockade of  mesenteric lymph might be a 
new approach in prevention and treatment of  two-hits.

REFERENCES
1	 Kohsaka S, Menon V, Lowe AM, Lange M, Dzavik V, Sleeper 

LA, Hochman JS. Systemic inflammatory response syndrome 
after acute myocardial infarction complicated by cardiogenic 
shock. Arch Intern Med 2005; 165: 1643-1650 

2	 Hu XH, Zhang HY, Ge YL, Chen Z, Qin FJ, Jiang HY, Chen 
DF, Sun YH. [Protective effects of ulinastatin against multiple 
organic damage after severe burn injury: experimental and 
clinic studies]. Zhonghua Yixue Zazhi 2005; 85: 2889-2894

3	 Yang YJ, Shen Y, Chen SH, Ge XR. Role of interleukin 18 in 
acute lung inflammation induced by gut ischemia reperfusion. 
World J Gastroenterol 2005; 11: 4524-4529 

4	 Han X, Fink MP, Yang R, Delude RL. Increased iNOS activity 
is essential for intestinal epithelial tight junction dysfunction 
in endotoxemic mice. Shock 2004; 21: 261-270 

5	 Myers MJ, Farrell DE, Palmer DC, Post LO. Inflammatory 
mediator production in swine following endotoxin challenge 
with or without co-administration of dexamethasone. Int 
Immunopharmacol 2003; 3: 571-579 

6	 Pavlov VA , Ochani M, Gallowitsch-Puerta M, Ochani 
K, Huston JM, Czura CJ, Al-Abed Y, Tracey KJ. Central 
muscarinic cholinergic regulation of the systemic inflamma-
tory response during endotoxemia. Proc Natl Acad Sci USA 
2006; 103: 5219-5223

7	 Zhang J, Liu YK, Zhang XF, Bo AH. [Modulation of lymph 
microcirculation by sympathetic nerve during hemorrhagic 
shock of rat]. Shengli Xuebao 1995; 47: 179-186

8	 Zhang J, Jiang H, Fan G, Tang J, Tang CS. [Effect of endothelin 
on rat mesenteric microvessels]. Shengli Xuexao 1991; 43: 98-101

9	 Deitch EA, Adams C, Lu Q, Xu DZ. A time course study 
of the protective effect of mesenteric lymph duct ligation 
on hemorrhagic shock-induced pulmonary injury and the 
toxic effects of lymph from shocked rats on endothelial cell 
monolayer permeability. Surgery 2001; 129: 39-47 

10	 Dayal SD, Hauser CJ, Feketeova E, Fekete Z, Adams JM, Lu Q, 
Xu DZ, Zaets S, Deitch EA. Shock mesenteric lymph-induced 
rat polymorphonuclear neutrophil activation and endothelial 
cell injury is mediated by aqueous factors. J Trauma 2002; 52: 
1048-1055; discussion 1055

11	 Deitch EA, Adams CA, Lu Q, Xu DZ. Mesenteric lymph from 
rats subjected to trauma-hemorrhagic shock are injurious 
to rat pulmonary microvascular endothelial cells as well as 
human umbilical vein endothelial cells. Shock 2001; 16: 290-293 

12	 Osband AJ, Deitch EA, Lu Q, Zaets S, Dayal S, Lukose B, Xu 
DZ. The role of oxidant-mediated pathways in the cytotoxicity 
of endothelial cells exposed to mesenteric lymph from rats 
subjected to trauma-hemorrhagic shock. Shock 2003; 20: 
269-273 

13	 Spain DA, Kawabe T, Keelan PC, Wilson MA, Harris PD, 
Garrison RN. Decreased alpha-adrenergic response in the 
intestinal microcirculation after “two-hit” hemorrhage/
resuscitation and bacteremia. J Surg Res 1999; 84: 180-185

14	 Delaloye J, Baumgartner JD, Calandra T. [Severe sepsis and 
septic shock]. Rev Med Suisse 2006; 2: 896-898, 900-902

15	 Mitaka C, Hirata Y, Yokoyama K, Wakimoto H, Hirokawa M, 
Nosaka T, Imai T. Relationships of circulating nitrite/nitrate 
levels to severity and multiple organ dysfunction syndrome 
in systemic inflammatory response syndrome. Shock 2003; 19: 
305-309 

16	 Lozano FS, López-Novoa JM, Rodriguez JM, Barros MB, 
García-Criado FJ, Nicolás JL, Parreño A, Revilla J, Gómez-
Alonso A. Exogenous nitric oxide modulates the systemic 
inflammatory response and improves kidney function after 
risk-situation abdominal aortic surgery. J Vasc Surg 2005; 42: 
129-139 

17	 Guo W, Magnotti LJ, Ding J, Huang Q, Xu D, Deitch EA. 
Influence of gut microflora on mesenteric lymph cytokine 
production in rats with hemorrhagic shock. J Trauma 2002; 52: 
1178-1185; disciussion 1185

18	 Marra AR, Bar K, Bearman GM, Wenzel RP, Edmond MB. 
Systemic inflammatory response syndrome in nosocomial 
bloodstream infections with Pseudomonas aeruginosa and 
Enterococcus Species: comparison of elderly and nonelderly 
patients. J Am Geriatr Soc 2006; 54: 804-808

19	 Mofidi R, Duff MD, Wigmore SJ, Madhavan KK, Garden OJ, 
Parks RW. Association between early systemic inflammatory 
response, severity of multiorgan dysfunction and death in 
acute pancreatitis. Br J Surg 2006; 93: 738-744 

20	 Hu S, Sheng ZY, Zhou BT. Investigation progress of the 
MODS model. Zhongguo Weizhongbing Jijiu Yixue 1999; 11: 
504-507 

21	 Adams JM, Hauser CJ, Adams CA Jr, Xu DZ, Livingston DH, 
Deitch EA. Entry of gut lymph into the circulation primes rat 
neutrophil respiratory burst in hemorrhagic shock. Crit Care 
Med 2001; 29: 2194-2198 

22	 Dayal SD , Haskó G, Lu Q, Xu DZ, Caruso JM, Sambol 
JT, Deitch EA. Trauma/hemorrhagic shock mesenteric 
lymph upregulates adhesion molecule expression and IL-6 
production in human umbilical vein endothelial cells. Shock 
2002; 17: 491-495

23	 Deitch EA, Shorshtein A, Houghton J, Lu Q, Xu D. Inducible 
nitric oxide synthase knockout mice are resistant to diet-
induced loss of gut barrier function and intestinal injury. J 
Gastrointest Surg 2002; 6: 599-605 

24	 Wang Z, Xiao G, Yao Y, Wang H, Sheng Z, Cai B, Xiao J. [The 
relationship between intestinal bifidobacteria and bacteria/
endotoxin translocation in scalded rats]. Zhonghua Shaoshang 
Zazhi 2002; 18: 365-368

25	 Wang ZT, Yao YM, Xiao GX, Sheng ZY. [Improvement of 
bifidobacterial supplement on the barrier function of intestinal 
mucosa and microbe flora induced by thermal injury in rats]. 
Zhongguo Weizhongbing Jijiu Yixue 2003; 15: 154-158

Niu CY et al.  Intestinal lymphatic circulation blockage    	                 	                                                5811

www.wjgnet.com



26	 Yao YM, Redl H, Bahrami S, Schlag G. The inflammatory basis 
of trauma/shock-associated multiple organ failure. Inflamm 
Res 1998; 47: 201-210 

27	 Huang Y, Wang SR, Yi C, Ying MY, Lin Y, Zhi MH. Effects of 
recombinant human growth hormone on rat septic shock with 
intraabdominal infection by E. coli. World J Gastroenterol 2002; 8: 

1134-1137
28	 Bone RC. Sir Isaac Newton, sepsis, SIRS, and CARS. Crit Care 

Med 1996; 24: 1125-1128
29	 Tang CW, Lan C. [Increasing activity of the intestinal mucosal 

mast cells in rats with multiple organ failure]. Zhongguo 
Weizhongbing Jijiu Yixue 2003; 15: 7-10

S- Editor  Pan BR    L- Editor  Zhu LH    E- Editor  Ma WH

www.wjgnet.com

5812      ISSN 1007-9327     CN 14-1219/R      World J Gastroenterol     September 28, 2006    Volume 12    Number 36


