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Abstract

AIM: To study how intestinal lymph after trauma-induced
shock (TIS) interferes with expression of neutrophil adhesion
factors (CD11b and CD18) and causes lung injury.

METHODS: Thirty-two adult healthy Sprague-Dawley rats were
randomly divided into four experimental groups. Groups 1
and 2 included rats with TIS caused by hitting the mid-
upper part of both side femoral bones with a 2 500 kg raw-
iron, and with or without ligation of mesenteric lymph duct.
Groups 3 and 4 included rats with sham-TIS and with or
without ligation of mesenteric lymph duct. Expression of
neutrophil CD18 and CD11b in at 1 and 3 h after a 90-min
TIS/sham-TIS was evaluated. These rats were killed at 3 h
after TIS/sham-TIS, and lungs were taken immediately.
The main lung injury indexes (the MPO activity and lung injury
score) were measured.

RESULTS: The expressions of CD18 and CD11b at 1 and 3 h
after a 90-min TIS and the main lung injury indexes were
significantly increased compared with those in the sham-
TIS groups (P<0.05). Moreover, at 1 and 3 h after TIS, the
expressions of CD18 (32.12±1.25 and 33.46±0.98) and
CD11b (29.56±1.35 and 30.56±1.85) were significantly
decreased in rats with ligation of mesenteric lymph duct,
compared with those (52.3±1.12 and 50.21±1.25, and
42.24±1.24 and 42.81±1.12, respectively) in those without
the ligation (all P<0.05). The main lung injury indexes
in rats with TIS with ligation of mesenteric lymph duct
(0.96±0.12 and 6.54±0.35) were also significantly decreased,
compared with those (1.56±0.21 and 9.56±0.23) in rats
with TIS without the ligation (both P<0.05). However, there
was no significant difference in expressions of CD18 and
CD11b and the main lung injury indexes between the two
sham-TIS groups.

CONCLUSION: Previous ligation of mesenteric lymph ducts
prevents or alleviates the up-regulated expression of PMN
CD18 and CD11b and the lung injury induced by TIS. Our
findings also indicate that neutrophil adhesion molecule
activation and lung injury during TIS appear to be caused by
some factors that are released or produced by post-ischemic
intestine through the mesenteric lymph pathway.
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INTRODUCTION
Trauma-induced-shock (TIS) could lead to splanchnic ischemia-
reperfusion and gut barrier failure[1]. These events could get
the gut into an inflammatory cytokine-secreting organ, which
contributes to the pathogenesis of shock-induced lung injury[2,3].
Lung injury generally occurs when mediators released by
systemic inflammatory processes up-regulate polymorphonuclear
neutrophil (PMN) interactions with endothelial cells (ECs), thus
favoring PMN sequestration and attack on the lung. Shock
and trauma-induced neutrophil activation has been implicated
in the pathogenesis of adult respiratory distress syndrome
(ARDS) and also as a contributory factor in the development
of multiple organ dysfunction syndrome (MODS)[4,5].
Furthermore, enhanced endothelial-neutrophil interactions
resulting in tissue injury appear to be the common pathways
by which diverse initiating factors, such as bacterial infection,
endotoxin, cytokines, shock, and ischemia can lead to organ
injury and MODS[6]. These events have been implicated in the
pathogenesis of pulmonary microvascular injury after intestinal
ischemia-reperfusion injuries[7,8].
       However, the exact mechanisms by which intestinal ischemia
reperfusions subsequent to trauma and hemorrhage primes
neutrophils remain uncertain. There are many discussions about
this topic. Since Gonzalez et al. demonstrated that port vein blood
did not contain such inflammatory mediators in patients with
traumatic shock, such as endotoxin or bacteria, more and more
people have attached importance to lymph pathway[9]. Some
study in a rat model of trauma-hemorrhagic shock (T/HS) has
shown that ligation of the main mesenteric lymph draining the
intestine could prevent lung injury[10], and furthermore, it has
been testified that mesenteric lymph from rats subjected to
T/HS can prime neutrophils for an oxidative burst[11]. TIS
mesenteric lymph can  activate PMNs and increase their ability
to injure ECs, and on the other hand, PMN exposure to
mesenteric lymph is both necessary and sufficient for the
activation of rat PMN respiratory burst by TIS. From a mechanical
point of view, respiratory burst activation in response to G-
protein-coupled agonists is characterized by enhanced cell
calcium [Ca2+]i) flux response to GPC agonists tested[12,13]. In
contrast, portal plasma from TIS rats lacks the potential to
activate PMNs.
       All these studies lead to the conclusion that lymph from the
ischemic gut may be a crucial source of neutrophil priming
factors after major hemorrhagic insults, such as lung injury,
systemic inflammatory response syndrome (SIRS), MODS, and
multiple system organ failure (MSOF). Therefore it has come to
be accepted by more and more people that gut-induced lung
injury is secondary to a shock-induced gut “inflammatory state”,
where gut-induced inflammatory factors enter the systemic
circulation via mesenteric lymphatics rather than via portal
bloodstream. To testify and further extend this concept that
neutrophil priming activation was caused by release of factors



from gut into the mesenteric lymphatics, we performed this
experiment to study whether TIS could up-regulate neutrophil
adhesion molecule expression and cause lung injury, and
whether such pathological changes could be prevented or
alleviated by ligating mesenteric lymph ducts previously.

MATERIALS AND METHODS
Animals
Adult Sprague-Dawley rats (SD rats) weighing 300-350 g were
used after a minimum acclimatization period of 7 d. The animals
and their diet were provided by The Laboratory Animal Center,
Zhejiang University, College of Medicine, China. The animals
were had free access to food and water and were maintained in
accordance with the guideline of the National Guide for the
Care and Use of Laboratory Animals, and the experiment was
approved by the Zhejiang University, College of Medicine.

Experimental design
The aim of this experiment was to assess how the lymph after
TIS affected the expression of neutrophil adhesion molecules
and caused lung injury in rats. Four groups were included.
They were groups of rats subjected to TIS with or without
mesenteric lymph duct ligation, and groups of rats subjected
to sham TIS with or without mesenteric lymph duct ligation.
Femoral artery blood samples were collected 1 and 3 h after a
90-min shock period for further evaluating the expression of
PMN. Then these rats were killed immediately, lungs were
removed for assessment of the severity of injuries, mainly by
measuring myeloperoxidase (MPO) content and lung injury score.

TIS model
As previously described[14], rats were anesthetized intraperitoneally
using sodium pentobarbital (50 mg/kg), and a femoral artery
catheter was placed for measuring the artery pressure and an
other side femoral artery catheter for taking blood. Then a midline
laparotomy was performed to expose the mesenteric lymph duct,
which was either ligated with 2-0 silk or just left intact according
to the experimental need. The incision was closed. A 2 500 kg
raw- iron was used to hit the rat’s mid-upper part of both side
femoral bones from 30 cm height to cause TIS, then the rat
artery pressure was maintained at about 30 mmHg for 90 min,
by blood withdrawal or normal saline infusion through one
side of the femoral artery catheter, the other side of femoral
artery catheter was used to measure the artery pressure. The
rats were subjected to TIS for 90 min and then their traumatic legs
were tied up closely. The animal body temperature  during the
experiment was maintained at about 37  by using a heating pad.

Sham-TIS model
Except trauma treatment and being subjected to shock state, the
sham-TIS model accepted the nearly same treatment as TIS model.

Assay of blood CD11 b and CD18
Blood sample (1 mL) collected at 1 and 3 h after 90 min of
TIS/sham-TIS state was collected and treated with anti-

coagulant EDTANa2. A 100 µL blood sample was put into
a 12 mm×75 mm tube and then 10 µL anti-rat CD11b or CD18
fluorescent labeled monoclonal antibody (BD Pharmingen) was
added into the tube. The samples were gently vortexed for 10 min
and then placed into a dark room for 40 min. Red blood cells of
the sample were lysed and fixed with Coahem Q-PREP equipment
(Couletr Company, USA) for 15 min on ice. After centrifuged
and washed 3 times, PMN cells were analyzed for adhesion
molecule expression using flow cytometer (ESPLL-XL,
BECKMAN, USA) according to the recommendation of the
manufacturer. The number of these neutrophils labelled with
monoclonal antibody in 10 000 neutrophils was counted and
the percentage was evaluated.

Assay of myeloperoxidase
Three hours later, rats were killed and the right lung was
immediately taken and frozen. The frozen lung tissue was
homogenized and processed for measuring myoloperoxidase
(MPO) with the regent kit (Jiancheng Bio-Technology Company,
Nanjing, China) according to the manufacturer’s instructuons.
One unit of MPO activity represented  the amount of enzyme
that reduced 1 µmol/L of peroxidase per minute.

Assay of lung injury sore
The lung tissue was fixed in 40 g/L formaldehyde, cut into 4 µm
sections and stained with HE. The lung injury score (LIS)[15]

was evaluated with OLMPUS optical microscope (Olympus,
Japan). The severity of leukocyte sequestration in the lung
tissue was classified as: 0 = 0%, 1 = 0-25%, 2 = 25-50%, 3 = 50-75%,
4 = 75-100%. The severity of leukocyte sequestration in lung
alveoli was classified as: 0 = none, 1 = few, 2 = a lot, 3 = almost
all, 4 = all. The severity  of exudation (such as fibrin, transparent
membrane and edema liquor) in lung alveoli was classified as:
0 = none, 1 = few, 2 = a lot, 3 = almost full, and 4 = absolute full.

Statistical analysis
Results were expressed as mean±SD. The data were analyzed
with SPSS.11.0. The  comparison among multiple groups was
made with t test. Probabilities less than 0.05 were considered
statistically significant.

RESULTS
The expressions of CD18 and CD11b in PMN were significantly
increased after TIS with or without ligation of mesenteric lymph
ducts compared with sham shock groups (P<0.05, Table 1).
Both CD18 and CD11b expressions were up-regulated by the
TIS pathological process. The expressions of CD18 and CD11b
in  sham shock  with or without ligation of mesenteric lymph duct
had no significant difference (P>0.05). It showed that ligation
of mesenteric lymph duct itself had no effect on the expression
of CD18 or CD11b. The results also showed that the expressions
of CD18 and CD11b after TIS with ligation of mesenteric lymph
duct were significantly decreased as compared with TIS without
ligation of lymph duct (P<0.05). It was suggested that previous
ligation of mesenteric lymph duct during TIS could down-
regulate the expressions of CD18 and CD11b.

Table 1  Comparison of expressions of CD18 and CD11b  in  ratsof all groups at 1 and 3 h after 90 min of TIS/sham-TIS state(%)

        CD18   CD11b
Group

    1st h                3rd h                 1st h                   3rd h

TIS with ligation of mesenteric lymph duct (8)            32.12±1.25            33.46±0.98            29.56±1.35          30.56±1.85
TIS without ligation of mesenteric lymph duct (8)  52.3±1.12            50.21±1.25            42.24±1.24   42.81±1.12
Sham TIS with ligation of mesenteric lymph duct (8)            17.02±0.95            15.68±0.98            14.02±1.23   13.63±1.23
Sham TIS withtout ligation of mesenteric lymph duct (8)      16.23±1.20            16.25±0.53            13.61±1.25   13.51±1.65
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       The main lung injury indexes (MPO activity and lung injury
score) of TIS group were significantly increased compared with
sham shock group (P<0.05, Table 2). The results showed that
the main lung injury indexes of sham shock groups with or
without ligation of mesenteric lymph duct had no significant
difference (P>0.05). It seemed that ligation of mesenteric lymph
duct itself could not cause lung injury. The results also showed
that the MPO activity  and lung injury score  of TIS with previous
ligation of mesenteric lymph duct were significantly decreased
as compared with TIS without ligation of lymph duct (P<0.05).
It appeared that previous ligation of mesenteric lymph duct
could alleviate lung injury effectively during TIS.

Table 2  Comparison of MPO activity and lung injury score in
rats of all groups

Group                 MPO activity                LTS
(n = 8) (Ug-1 lung tissue)

TIS witht ligation of         0.96±0.12 6.54±0.35
mesenteric lymph duct
TIS without ligation of         1.56±0.21 9.56±0.23
mesenteric lymph duct
Sham TIS witht ligation of         0.45±0.05 2.35±0.56
Mesenteric lymph duct
Sham TIS withtout ligation of         0.50±0.08 2.53±0.41
Mesenteric lymph duct

DISCUSSION
It has been found that the phenomena of neutrophil activation
is often companied by TIS, and that activated neutrophils may
play a key role in the pathogenesis of lung injury or MODS,
MSOF in TIS[16]. But the mechanism of neutrophil activation,
lung injury or MODS is still uncertain. Therefore, the soluble
factors in neutrophil activation subjected to TIS and the cellular
mechanisms for neutrophil activation are the hot topics. A lot
of evidence showed that ischemia-reperfusion gut was an
important source of factors that might cause neutrophil
activation, lung injury or MODS after TIS[17-19]. Post-ischemia
gut has been shown to be a cytokine-generating organ, and the
vascular bed of post-ischemia has been proven to be a priming bed
for neutrophils by both clinical and experimental studies[20]. It
is usually believed that the loss of gut barrier function in shock
states leads to bacterial translocation. Then such a bacterial
translocation might cause sepsis and organ dysfunction in TIS
patients. However, studies about TIS showed that neither
bacteria nor endotoxin was found in portal blood of severely
injured trauma patients. These findings have made  people to
doubt the theory of bacterial translocation during TIS.
        It has been shown that the TIS induced increase in pulmonary
capillary permeability could be prevented by ligation of
mesenteric lymph ducts[21], and mesenteric lymph from rats
subjected to TIS, but not sham TIS could injure endothelial
cells and increase their permeability[22]. Shock-induced up-
regulation of pulmonary endothelial P-selection expression
could also be alleviated by mesenteric lymph duct ligation.
      Based on these clinical and experimental findings, people
come to hypothesize that lymphatics might be the primary route
by which intestinal factors leave the gut and cause subsequent
injury of lung or other organs instead of portal route. Neutrophil-
endothialial interaction is involved in endothelial cell injury
and endothelial cell adhesion molecule up-regulation. In order
to investigate this hypothesis, we designed these experiments.
To explore how TIS lymph affected PMN activation and lung
injury, we compared TIS rats with or without ligation of the
mesenteric lymph ducts. CD18 and CD11b were chosen as the
indicators of PMN activation, and MPO and lung injury score

were chosen as the indicators of lung injury[23,24].
     The results of our study showed that the expressions of
PMN CD18 and CD11b and the main lung injury indexes (the
MPO activity  and lung injury score) of TIS at  1 and 3 h after
90 min of TIS state were significantly increased compared with
those of  sham shock group, but had no significant difference
between two sham shock groups with or without ligation of
mesenteric lymph ducts. The results also showed that previous
ligation of mesenteric lymph ducts could down-regulate the
expressions of CD18 and CD11b and alleviate lung injury in
rats subjected to TIS. These results are consistent with the
studies of Harkin et al.[25], who showed that mesenteric ligation
prevented shock-induced CD11b up-regulation using a less
severe shock  model. The theory that the gut is a primary source
of neutrophil-activating factors is consistent with our study
and Adams et al.[26], who  found that the ability of plasma from
rats subjected to TIS to prime neutrophils for an augment
respiratory burst was lost after lymph duct ligation.
      Generally, it seems that factors contained in TIS intestinal
lymph are both necessary and sufficient to account for neutrophil
activation and priming after TIS. The intestine could produce a
wide rage of inflammatory mediators, including cytokines,
eicosanods, oxidants, platelet-activating factors, complement
fragments, and endotoxin[27,28]. Many of these mediators can
prime or activate neutrophils and endothelial cells directly or
indirectly. It has been proven that primed and activated
neutrophils are involved in the pathogenesis of posttraumatic
inflammatory syndromes such as systemic inflammatory response
syndrome (SIRS), adult respiratory distress syndrome (ARDS),
MODS, and MSOF. It also has been testified that prevention of
tissue neutrophil infiltration can reduce lung and other organ
injury in the models of TIS[29]. The results of our experiment
also showed that pathologic neutrophil activation by gut lymph
was critical to the pathogenesis of TIS.
      Since no bacteria or endotoxin was found in mesenteric
lymph subjected to TIS, further work is needed to study on the
characterization and identification the nertophil-activating
factors in the TIS lymph. It has ever been thought that the lipid
fraction of lymph was responsible for neutropil activation[30].
However, Daysl et al.[31] pointed out that the respiratory burst
of rat neutrophils was stimulated by the aqueous but not lipid
fraction of the lymph samples. The exact explanation for these
conflicting results is not known, but it may suggest that TIS
lymph contains several factors which are capable of activating
neutrophils. So, further study may still be needed to define the
factors in TIS gut lymph which could activate neutrophils and
cause injury of lung or other important organs.
        In conclusion, mesenteric lymph after TIS contains multiple
biologically active agents. These agents have the potential to
modify both PMN and EC behaviors, which are probably
involved in the pathogenesis of lung injury after TIS. The
results showed that up-regulated expressions of PMN CD18
and CD11b and the lung injury induced by TIS could be
prevented or alleviated by previous ligation of mesenteric lymph
ducts. These findings may indicate that  lung injury during TIS
is caused by PMN adhesion molecule activation induced by
some factors released or produced by postischemic intestine
through mesenteric lymph pathway rather than traditionally
believed  portal vein.

REFERENCES
1 Deitch EA. Role of the gut lymphatic system in multipale

organ failure. Curr Opin Crit Care 2001; 7: 92-98
2 Farber A, Connors JP, Friedlander RM, Wagner RJ, Powell RJ,

Cronenwett JL. A specific inhibitor of apoptosis decreases tis-
sue injury after intestinal ischemia-reperfusion in mice. J Vasc
Surg 1999; 30: 752-760

Chen ZB et al. Effects of intestinal lymph in trauma-induced shock         3223



3 Ariceta J, Ferrer JV, Guerrero D, Tellechea E, Balen E, Lera JM.
Metabolism of the intestine with intermediate ischemia after
intestinal ischemia-reperfusion injury: therapeutic effects of
somatostatin. Transplant Proc 1999; 31: 2572

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

5 Sambol JT, Xu DZ, Adams CA, Magnotti LJ, Deitch EA. Me-
senteric lymph duct ligation provides long term protection against
hemorrhagic shock-induced lung injury. Shock 2000; 14: 416-419

6 Hammerman C, Goldschmidt D, Caplan MS, Kaplan M,
Schimmel MS, Eidelman AI, Branski D, Hochman A. Amelio-
ration of ischemia-reperfusion injury in rat intestine by
pentoxifylline-mediated inhibition of xanthine oxidase. J Pediatr
Gastroenterol Nutr 1999; 29: 69-74

7 Fekete Z, Hauser CJ, Adams JM, Adams CA Jr, Forsythe RM,
Hasko G, Xu DZ, Livingston DH, Deitch EA. Injury-enhanced
calcium mobilization in circulating rat neutrophils models
human PMN responses. Shock 2001; 16: 15-20

8 Miner TJ, Tavaf-Motamen H, Stojadinovic A, Shea-Donohue
T. Ischemia-reperfusion protects the rat small intestine against
subsequent injury. J Surg Res 1999; 82: 1-10

9 Gonzalez RJ, Moore EE, Biffl WL, Ciesla DJ, Silliman CC. The
lipid fraction of post-hemorrhagic shock mesenteric lymph
(PHSML) inhibits neutrophil apoptosis and enhances cytotoxic
potential. Shock 2000; 14: 404-408

10 Johnson JL, More EE, Hiester AA, Tamura DY, Zallen G,
Silliman CC. Disparities in the respiratory burst between hu-
man and rat neutrophils. J Leukoc Biol 1999; 65: 211-216

11 Adams CA Jr, Sambol JT, Xu DZ, Lu Q, Granger DN, Deitch
EA. Hemorrhagic shock induced up-regulation of P-selectin
expression is mediated by factors in mesenteric lymph and
blunted by mesenteric lymph duct interruption. J Trauma 2001;
51: 625-632

12 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

13 Koltuksuz U, Ozen S, Uz E, Aydinc M, Karaman A, Gultek A,
Akyol O, Gursoy MH, Aydin E. Caffeic acid phenethyl ester
prevents intestinal reperfusion injury in rats. J Pediatr Surg
1999; 34: 1458-1462

14 Sun YG, Huang ZH, Miao HF, Song HJ, Lei HY. Development
of an experimental model of traumatic shock in rats. Zhongguo
Jiefangjun Yixue Zazhi 2002: 12; 1086-1087

15 Holopainen R, Aho H, Laine J, Halkola L, Kaapa P. Nitric
oxide inhalation inhibits pulmonary apoptosis but not inflam-
matory injury in porcine meconium aspiration. Acta Paediatr
1999; 88: 1147-1155

16 Ustundag B, Kazez A, Demirbag M, Canatan H, Halifeoglu I,
Ozercan IH. Protective effect of melatonin on antioxidative
system in experimental ischemia-reperfusion of rat small
intestine. Cell Physiol Biochem 2000; 10: 229-236

17 Kazez A, Demirbag M, Ustundag B, Ozercan IH, Saglam M.

The role of melatonin in prevention of intestinal ischemia-
reperfusion injury in rats. J Pediatr Surg 2000; 35: 1444-1448

18 Pockley AG, Nakao M, Fairburn B, Wood RF. Effect of is-
chemia-reperfusion of the rat small bowel on peripheral blood
neutrophil CD11b expression. Transplant Proc 2000; 32: 1304

19 Yoshida T, Iwakiri R, Noda T, Okamoto K, Kojima M,
Fukuyama K, Fujimoto K. Histaminergic effect on apoptosis
of rat small intestinal mucosa after ischemia-reperfusion. Dig
Dis Sci 2000; 45: 1138-1144

20 Vejchapipat P, Williams SR, Spitz  L, Pierro A. Intestinal
metabolism after ischemia-reperfusion. J Pediatr Surg 2000; 35:
759-764

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

22 Yamamoto S,  Tanabe M, Wakabayashi G, Shimazu M,
Matsumoto K, Kitajima M. The role of tumor necrosis factor-
alpha and interleukin-1beta in ischemia-reperfusion injury of
the rat small intestine. J Surg Res 2001; 99: 134-141

23 Kassirer M, Zeltser D, Prochorov V, Schoenman G, Frimerman
A, Keren G, Shapira I, Miller H, Roth A, Arber N, Eldor A, Berliner
S. Increased expression of the CD11b/CD18 antigen on the sur-
face of peripheral white blood cells in patients with ischemic heart
disease: further evidence for smoldering inflammation in patients
with atherosclerosis. Am Heart J 1999; 138(3 Pt 1): 555-559

24 Rizoli SB, Kapus A, Parodo J, Rotstein OD. Hypertonicity
prevents lipopolysaccharide-stimulated CD11b/CD18 expres-
sion in human neutrophils in vitro: role for p38 inhibition. J
Trauma 1999; 46: 794-798

25 Harkin DW, D’Sa AA, Yassin MM, Hoper M, Halliday MI.
Gut mucosal injury is attenuated by recombinant bactericidal/
permeability-increasing protein in hind limb ischemia-
reperfusion injury. Ann Vasc Surg 2001; 15: 326-331

26 Adams CA Jr, Xu DZ, Lu Q, Deitch EA. Factors larger than
100 kd in post-hemorrhagic shock mesenteric lymph are toxic
for endothelial cells. Surgery 2001; 129: 351-363

27 Oberholzer A, Oberholzer C, Moldawer LL. Sepsis syndromes:
understanding the role of innate and acquired immunity. Shock
2001; 16: 83-96

28 Hauser CJ, Fekete Z, Livingston DH, Adams J, Garced M,
Deitch EA. Major  trauma enhances store-operated calcium
influx in human neutrophils. J Trauma 2000; 48: 592-597

29 Yaffe MB, Xu J, Burke PA, Forse RA, Brown GE. Priming of the
neutrophil respiratory burst is species-dependent and involves
MAP kinase activation. Surgery 1999; 126: 248-254

30 Fukuyama K,  Iwakiri R, Noda T, Kojima M, Utsumi H,
Tsunada S, Sakata H, Ootani A, Fujimoto K. Apoptosis in-
duced by ischemia-reperfusion and fasting in gastric mucosa
compared to small intestinal mucosa in rats. Dig Dis Sci 2001;
46: 545-549

31 Dayal SD, Hasko 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

Edited by Wang XL and Zhang JZ  Proofread by Xu FM

3224           ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 1, 2004   Volume 10   Number 21


