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Blocking abdominal lymphatic flow attenuates
acute hemorrhagic necrotizing
pancreatitis -associated lung injury in rats
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Abstract

Background: Acute hemorrhagic necrotizing pancreatitis (AHNP) is a severe acute inflammatory of pancreas
that can lead to extrapancreatic organ disfunction. The lung and intestine is the most common involved
organs, and abdominal lymphatic flow may contribute to AHNP- associated organ injury. In this study, we
investigated the impact of thoracic duct ligation and drainage on lung and intestine injury in rats with AHNP.

Methods: Thirty-two male Wistar rats were randomly divided into 4 groups: sham operation group, AHNP
group, AHNP + ligation group and AHNP + drainage group. Rat AHNP model was induced by retrograde
injection of 3.5% sodium deoxycholate into the biliopancreatic duct, and the sham operation group was
injected only with saline. In AHNP + ligation group and AHNP + drainage group, thoracic duct was ligated or
drainaged before model induction. At 6 h after model induction, the bronchoalveolar lavage fluid (BALF)
were collected for determination of tumor necrosis factor-alpha (TNF-alpha), and the tissues of lung, intestine
and pancrease were harvested individually for pathohistological evaluation and the myeloperoxidase (MPO)
activity determination. In addition, the activity of serum amylase and diamine oxidase (DAO) was determined
in each group.

Results: The pathohistological damage and MPO of lung, intestine and pancrease, TNF-alpha of BALF, serum
amylase and DAO were all increased in AHNP group compared to those in sham operation group (P < 0.05).
In AHNP + ligation group, the pathohistological damage and MPO of lung and TNF-alpha of BALF were
reduced, but the pathohistological damage and MPO of intestine and pancrease were increased compared
with AHNP group (P < 0.05), however the activity of serum amylase and DAO was no changed. In AHNP +
drainage group, the pathohistological damage and MPO of lung, intestine and pancrease, TNF-alpha of BALF,
serum amylase and DAO were all reduced compared to those in AHNP group (P < 0.05).

Conclusions: Our finding suggest that thoracic duct ligation can reduce neutrophil infiltration and TNF-alpha
release and then attenuates lung injury in rats with AHNP, but aggravates the injury of intestine and
pancrease. While thoracic duct drainage attenuates the injury of lung, intestine and pancreaseat the same
time in rats with AHNP.
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Table 1 Time schedule

Group −1 ~ 0 h 0 h 6 h

sham operation expose thoracic duct sham operation sacrifice

AHNP expose thoracic duct model induction sacrifice

AHNP + ligation ligate thoracic duct model induction sacrifice

AHNP + drainage drainage thoracic duct model induction sacrifice
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Background
Acute hemorrhagic necrotizing pancreatitis (AHNP) is a
severe acute inflammatory disease of the pancrease that
can lead to intestinal barrier failure and subsequent trans-
location of bacterial and endotoxin, which promotes the
development of multiple organ dysfunction. The lung is
the most common involved extra-gut organ both in
AHNP patients and animal model [1,2]. But the mecha-
nism uderlying intestinal barrier failure and lung injury
induced by AHNP is still not clear.
We have known that abdominal have rich lymphatic

vessels and drainage system, and the permeability of
lymphatic capillary is much higher than that of capillary,
so more easily the bacteria and endotoxin enter the
lymphatic capillary, through thoracic lymph duct and
thoracic lymph duct to the left jugular vein, and then back
to the right atrium, distribute to the lungs with pulmonary
artery. So in a certain sense the lung is the first organ
accepting and bearing the reflux of intestine lymphatic in-
volved those inflammatory substances such as bacterial,
endotoxin, cytokine, etc. In AHNP patients, when thoracic
duct was drained, beneficial effects were seen in some, but
not all of them [3-5]. In AHNP animals, when thoracic
lymphatic duct was ligated, the morbidity of rat was de-
creased in one study [6]. In another study, however, the
same procedure induced pancreatic edema and pancrea-
titis in rat [7]. From those, how lymph-flow interruption
effects AHNP remains a question.
This study was undertaken to revisit the question in

the rat. We hypothesized that abdominal lymphatic sys-
tem is a way of inflammatory substances from intestine
translocate to the lung, and investigated the impact of
interruption of abdominal lymphatic flow on the injury
of lung, intestine and pancrease in rats with AHNP by
thoracic duct ligation and drainage.

Materials and methods
Animals
Adult male wistar rats weighing 230 to 250 g were pro-
vided by the Chinese Academy of Medical Sciences
Institute of Radiation Laboratory Animal Center, Beijng,
China. The animals were kept in a 12 h light/dark cycle
with free access to water and a standard chow. After a
7-day acclimation, they were randomly divided into 4
groups, namely sham operation group, AHNP group,
AHNP + ligation group and AHNP + drainage group. All
experiments were performed in accordance with the ani-
mal care and handling guidelines of the Committee on
Animal Care of Tianjin. Experimental protocol was car-
ried out according to the time schedule (Table 1).

Thoracic duct lagation and drainage
All rats were intra-abdominally anesthetized by chloral
hydrate (300 mg/kg). A midline incision was made to
open abdominal cavity. After a medial viceral rotation,
the part of parietal peritoneum covering the left kidney
was exposed. A small incision was made on it. Thoracic
duct was located to the left of abdominal aorta. Using #0
silk suture, we ligated thoracic duct near the diaphragm
side in AHNP + ligation group. As in AHNP + drainage
group, after thoracic duct lagation, we drainaged tho-
racic duct at the place where thoracic duct started.
Laparotomy was performed and thoracic duct was ex-
posed only in sham operation group and AHNP group.
Finally, intestine was put in their original places.

Induction of AHNP
After thoracic duct lagation or drainage, the common bile
duct was clamped in the hepatoduodenal ligament by a
small bulldog clamp, and the biliopancreatic duct was can-
nulated through mammary papilla from the anterior wall
of the duodenum. 3.5% sodium taurocholate (Sigma, St.
Louis, MO, USA) was injected by the cannula with an
even speed of 0.15 mL/min (1 m L/k g body weight) using
syringe pump (LP, FA343, Beijing, China), and the atrau-
matic vascular clamp was removed 10 min later. The
sham operation group were injected only with saline in
the same way. Finally, the abdominal incision were closed
in two layers. All procedures were performed using a ste-
rile technique.

Bronchoalveolar lavage and experimental sample
obtained
At six hours after injection of sodium deoxycholate,
blood samples were drawn from the aorta, centrifuged at
400 g for 10 min, and kept at −20°C for determination
of serum amylase, diamine oxdase (DAO) and tumor ne-
crosis factor-α (TNF-α).
Then all animals were killed by aortic exsanguination,

the lung was carefully dissected to the level of the carina
after removal of the heart. The left main stem bronchus
was tied proximally and removed. The right lung was per-
fused in situ immediately by intratracheal infusion of three
3-mL aliquots of PBS (pH 7.4). The lavage fluid was kept
in the lungs for 3 min and recovered by gravity into tubes
on ice. The recovery was 7.5 mL of total 9 mL. The bron-
choalveolar lavage fluid (BALF) was centrifuged at 400 g
for 10 min, and the supernatant was kept at −20°C for
analyzing of TNF-α. Finally tissues of left lung, intestine
(3–5 cm from the ileocecal valve) and pancrease were
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harvested individually and then were fixed in 5% formal-
dehyde for pathohistological evaluation or saved at −70°C
for determination the activity of myeloperoxidase (MPO)
and DAO.

Histologic examination and grading
Tissue samples of lung, intestine and pancrease were em-
bedded in paraffin and cut in 5 μm-thick sections. After
de-paraffinization, sections were stained with hematoxylin
and eosin stain and examined by two investigators in a
blinded manner. The specimens of lung and pancrease
were scored according to the criteria described previously
[8,9]. The intestinal mucosal injury score was graded on a
six-tiered scale defined by Chiu [10].

MPO activity determination
MPO activities were determined using an MPO kit pro-
duced by Jiancheng Bioengineering Institute (Nanjing,
China) according to the manufacturer’s instruction. In
brief, frozen samples of lung, intestine and pancrease were
thawed and homongenized in ice-cold buffer provided in
the kit. The homogenates were centrifuged at 5000 g for
10 min. Pellets were suspended in 0.5% hexadecyl trimethyl
ammonium bromide in 50 mM PBS (pH 6.0) and incu-
bated at 60°C for 2 hours. After another centrifugation, su-
pernatants were collected. Their protein concentrations
were measured using a protein assay kit (A045, Jiancheng
Bioengineering Institute). In a 96-well plate, 15 μg protein
was incubated with 100 μl 3,30,5,50-tetramethylbenzidine
for 3 min. After 100 μl sulphuric acid (1 N) was added,
Figure 1 The effect of blocking abdominal lymphatic flow on histopatho
animal 6 hr after injection of saline, mild alveolar septum edema and inflammat
congestion, intense alveolar septum swelling and breakage, part of alveolar stru
and AHNP + drainage group, moderate to severe alveolar septum swelling and
absorbance was read in a spectrophotometer using a wave-
length of 450 nm. Original MPO value was normalized
with protein contents.

Analysis of serum amylase and TNF-α in lung-lavage
fluids and serum
Serum amylase was measured with automatic biochemical
analyzer. TNF-α in serum and lung-lavage fluids were
determined using ELISA kits (RayBiotech, Guangzhou,
China) according to manufacturer protocol.

Determination of the activity of DAO in serum and
intestine
The activity of DAO in serum and intestine was deter-
mined using enzymatic spectrophotometry, as described
previously [11]. Briefly, 0.5 mL serum was mixed with a
solution containing 0.1 mol/L PBS (3 mL, pH 7.2), horse-
radish peroxidase (4 μg, 0.1 mL), 3,30-dimethoxybenzidine
(500 μg, 0.1 mL) and cadaverine dihydrochloride (175 μg,
0.1 mL) and incubated at 37°C for 30 min. The OD436 was
detected and the DAO activity was measured. About
0.5 mL intestinal homogenates was used to measure the
DAO activity with the same method.

Statistics
The data were analyzed using SPSS PC version 11.5. Re-
sults were expressed as mean ± SD. Data were analyzed
by one-way ANOVA analysis of variance and a P value
< 0.05 was considered significant.
logical change of lung in AHNP rats. A: Lung in a sham operation
ory infiltrate. B: AHNP group, diffuse pulmonary capillary dilatation and
ctural damage and heavy neutrophils infiltration. C and D: AHNP + ligation
neutrophils infiltration (H & E, × 100).



Table 2 The effect of blocking abdominal lymphatic flow
on histopathological injury of lung, intestine and
pancrease in AHNP rats (mean ± SD)

Group n Histopathologic scores

Lung Intestine Pancrease

Sham operation 8 0.86 ± 0.31 0.68 ± 0.21 1.07 ± 0.21

AHNP 8 2.57 ± 0.49* 4.15 ± 0.70* 6.27 ± 1.04*

AHNP + ligation 8 2.05 ± 0.27*# 4.67 ± 0.61* 6.18 ± 1.09*

AHNP + drainage 8 1.99 ± 0.28*# 2.90 ± 0.69*#a 4.82 ± 1.03*#a

*P < 0.05 compared with sham group.
#P < 0.05 compared with AHNP group.
aP < 0.05 compared with AHNP + ligation group.
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Results
The effect of blocking abdominal lymphatic flow on
histopathological injury of lung, intestine and pancrease
in AHNP rats
Lung
Diffuse pulmonary capillary dilatation and congestion,
intense alveolar septum swelling and breakage, part of
alveolar structural damage and heavy infiltration of in-
flammatory cells mostly neutrophils were found in the
lung tissue of AHNP group (Figure 1B). The mean histo-
pathologic scores of AHNP group were higher than those
in sham operation group (P < 0.05, Table 2). In AHNP +
ligation and AHNP+ drainage group, the major histo-
pathological findings were moderate to severe edema of
the alveolar walls and alveolar blood stasis with moderate
infiltration of neutrophils (Figure 1C, D), and the mean
Figure 2 The effect of blocking abdominal lymphatic flow on histopa
operation, normal intestinal mucosa. B and C: AHNP group and AHNP + lig
infiltration in various mucosa layers and exuviations of microvillus top of ep
epithelial cells, mild congestion edema and inflammatory cell infiltration (H
histopathologic scores were all decreased significantly
compared to those of AHNP group (P < 0.05, Table 2).
Intestine
Congestion edema and focal necrosis of intestinal mucosa,
inflammatory cell infiltration in various mucosa layers,
dilation of central chyle vessel and exuviations of microvil-
lus top of epithelium of intestinal mucosa were found in
AHNP group (Figure 2B). And the mean histopathologic
scores of AHNP group were significantly higher than
those in sham operation group (P < 0.01, Table 2). The
histopathological injury and scores of intestine in
AHNP + ligation group were similar to those in AHNP
group (Figure 2C). But in AHNP + drainage group, the
major histopathological findings were mild congestion
edema and inflammatory cell infiltration of intestinal
mucosa without necrosis, and mild exuviations of
microvillus top of epithelium of intestinal mucosa
(Figure 2D), and the the mean histopathologic scores of
AHNP + drainage group was decreased significantly
compared to those of AHNP group or AHNP + ligation
group (P < 0.05).
Pancrease
Extensive necrosis of pancreatic tissue, intense hemorrhage
and inflammatory infiltrate were found in AHNP group.
The histopathological injury of pancrease in AHNP +
ligation group were similar to those in AHNP group
(Figure 3B), but in AHNP + drainage group (Figure 3C),
thological change of intestine in AHNP rats. A: intestine in a sham
ation group, focal necrosis of intestinal mucosa, inflammatory cell
ithelium. D: AHNP + drainage group, villi with patchy disruption of the
& E, × 100).



Figure 3 The effect of blocking abdominal lymphatic flow on histopathological change of pancrease in AHNP rats. A: pancrease in a
sham operation animal, the glandular architecture is almost normal. B and C: AHNP group and AHNP + ligation group, extensive necrosis of
pancreatic tissue, intense hemorrhage and inflammatory infiltrate. D: AHNP + drainage group, localized necrosis of pancreatic tissue and moderate
hemorrhage (H & E, × 100).
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but the necrosis of pancreatic tissue and hemorrhage were
mitigated compare to those in AHNP group (Figure 3D).
The sham operation group was normal (Figure 3A). The
mean histopathologic scores of pancrease in all groups
were shown in Table 2.
The effect of blocking abdominal lymphatic flow on MPO
activity of lung, intestine and pancrease in AHNP rats
The MPO levels of lung, intestine and pancrease in AHNP
group were significantly higher than those in sham ope-
ration group. In AHNP+ ligation group, the lung MPO
level were decreased, but the MPO levels of intestine and
pancrease were increased compare to those in AHNP
group. However the MPO levels of lung, intestine and
pancrease were all decreased in AHNP+ drainage group
(Table 3).
Table 3 The effect of blocking abdominal lymphatic flow
on MPO activity of lung, intestine and pancrease in AHNP
rats (U/g, mean ± SD)

Group n MPO

Lung Intestine Pancrease

sham operation 8 0.71 ± 0.14 0.66 ± 0.14 0.64 ± 0.13

AHNP 8 1.24 ± 0.35* 1.17 ± 0.25* 1.25 ± 0.27*

AHNP + ligation 8 0.86 ± 0.24# 1.72 ± 0.50*# 1.70 ± 0.27*#

AHNP + drainage 8 0.88 ± 0.23# 0.90 ± 0.18a 0.86 ± 0.14#a

*P < 0.05 compared with sham group.
#P < 0.05 compared with AHNP group.
aP < 0.05 compared with AHNP + ligation group.
The effect of blocking abdominal lymphatic flow on
serum amylase and TNF-α in AHNP rats
Serum amylase and TNF-α were increased significantly in
AHNP group compared to that in sham operation group.
There were no significant difference between AHNP +
ligation group and AHNP group, but in AHNP+ drainage
group, serum amylase and TNF-α were decreased com-
pared to that in AHNP group (Table 4).
The effect of blocking abdominal lymphatic flow on
protein and TNF-α of BALF in AHNP rats
TNF-α in BALF were increased significantly in AHNP
compared to that in sham operation group. But blocking
abdominal lymphatic flow (thoracic duct ligation or drain-
age) could significantly reduce the level of TNF-α of BALF
in AHNP rats (Table 5).
Table 4 The effect of blocking abdominal lymphatic flow
on serum amylase and TNF-α in AHNP rats (mean ± SD)

Group n Amylase (U/L) TNF-α (μg/L)

sham operation 8 3078.8 ± 526.5 0.62 ± 0.08

AHNP 8 8748.5 ± 1097.8* 2.07 ± 0.43*

AHNP + ligation 8 8988.8 ± 1022.8* 1.89 ± 0.46*

AHNP + drainage 8 5229.3 ± 1327.7*#a 0.91 ± 0.20#a

*P < 0.05 compared with sham group.
#P < 0.05 compared with AHNP group.
aP < 0.05 compared with AHNP + ligation group.



Table 5 The effect of blocking abdominal lymphatic flow
on protein and TNF-α in BALF in AHNP rats (mean ± SD)

Group n Protein (g/L) TNF-α (μg/g pro)

sham operation 8 0.21 ± 0.05 3.30 ± 0.97

AHNP 8 0.62 ± 0.11 * 4.79 ± 1.16*

AHNP + ligation 8 0.24 ± 0.07 # 3.27 ± 1.07#

AHNP + drainage 8 0.22 ± 0.06 # 3.18 ± 1.02#

*P < 0.05 compared with sham group.
#P < 0.05 compared with AHNP group.
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The effect of blocking abdominal lymphatic flow on DAO
activity in serum and intestine in AHNP rats
Serum DAO activity was increased and intestine DAO
activity was decreased significantly in AHNP and
AHNP+ ligation group compared to that in sham ope-
ration group. But thoracic duct drainage could signifi-
cantly reduce serum DAO and increase intestine DAO in
AHNP rats (Table 6).

Discussion
Lung injury and intestinal damage are common compli-
cations of AHNP, but the pathway that link pancrease,
intestine and pulmonary are not fully understood. Portal
vein and mesenteric lymph maybe two main potential
ways related to the injury of intestinal and lung of
AHNP. Previous studies have found that hepatic keffer
cell blockade could reduce lung injury in rat with AHNP
[12], and liver reticuloendothelial system could reduce
metastasis of toxic substances via portal vein. In the
other hand, some factors that promote lung injury have
been found in gut and mesenteric lymphatics [6,13],
mesenteric lymphatics can carry gut-derived factors that
contribute to lung injury in hemorrhagic shock models
[14,15]. So we speculate that it is lymphatic system, not
portal vein who contrabute to the lung injury in the
early stage of AHNP. In the present study, we observed
the impact of thoracic duct ligation and drainage on
lung and intestine injury in rats with AHNP.
White blood cell count, especially the amount of neu-

trophils was generally increased in both AHNP patients
and animal experiment models [16,17]. The adhesion,
Table 6 The effect of blocking abdominal lymphatic flow
on DAO activity in serum and intestine in AHNP rats
(mean ± SD)

Group n DAO

Serum (U/L) Intestine (U/g pro)

sham operation 8 993.7 ± 390.8 553.6 ± 129.2

AHNP 8 1770.1 ± 749.1* 344.5 ± 179.1*

AHNP + ligation 8 1867.6 ± 897.7* 337.9 ± 134.7*

AHNP + drainage 8 1110.0 ± 316.9#a 495.5 ± 140.7#a

*P < 0.05 compared with sham group.
#P < 0.05 compared with AHNP group.
aP < 0.05 compared with AHNP + ligation group.
aggregation and activation of neutrophils is considered to
be the first step in causing tissue and organ damage.
Sinece MPO is a marker of the neutrophils infiltration, we
observed MPO activity and histopathological change sim-
ultaneously in the tissue of pancrease, intestine and lung
at 6 hours after retrograde injecting sodium deoxycholate
into biliopancreatic duct, and found the MPO activity
and pathohistological damage of lung, intestine and
pancrease were all increased in rats with AHNP,
blocking abdominal lymphatic flow, by ligating and
drainaging thoracic duct could all attenuate lung injury
by reducing neutrophils infiltration, but had diffirent
effect on the injury of intestine and pancrease. When
thoracic duct was ligated, the MPO activity and
pathohistological damage of intestine and pancrease
were not decreased; but when thoracic duct was
drainaged, the MPO activity and pathohistological
damage of intestine and pancrease were all decreased
in rats with AHNP. It means it is thoracic duct drainage
not thoracic duct ligation could attenuate the damage
of lung, intestine and pancrease at the same time.
DAO is a highly active intracelluar enzyme located in

the upper part of intestinal mucosa in human as well as in
mammals. DAO activity has been used as an index of
small intestinal mucosal mass and integrity [18,19]. When
mucosal cells are injured and necrotized, DAO is released
into the blood or enters the intestinal tract together with
necrotic mucosal cells, thus increasing the serum and in-
testinal tract DAO level and decreasing the DAO levels in
intestinal mucosa [12,20]. In the present study, the activity
of serum DAO was markedly higher and the activity of
DAO in intestinal mucosa was significantly lower in rats
with in AHNP rats with or without thoracic duct ligation,
However, the activity of serum DAO was dramatically de-
creased after treatment with thoracic duct drainage in
AHNP rats. Moreover, the activity of DAO in intestinal
mucosa was markedly increased. These results suggest
that thoracic duct drainage can confer protective effects
against intestinal mucosal injury caused by AHNP. Com-
bination of pathohistological change and MPO activity,
this study indicates that abdominal lymphatic maybe a
source of detrimental factors leading to organ injury and
dysfunction. When thoracic duct is ligated, the detrimen-
tal factors can not be transported to the lungs, but
strandes in the abdomine, so it can reduced the injury of
lung, but not intestine and pancrease. When thoracic duct
is drainaged, the detrimental lymphatic was drainaged
from organism, so attenuates the damage of lung, intestine
and pancrease simultaneously. Similar results have been
shown in hemorrhagic shock-induced lung injury by
mesenteric lymph duct ligation [21,22], but it is rarely
reported that the effect of the drainage of mesenteric
lymph duct or thoracic duct on organ damage. In
addition, thoracic duct drainage also decreased serum
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amylase activity. It maybe a result of protection of pancre-
atic acinar in rats with AHNP.
It is well-known that the neutrophils recruitment to the

lung is associated with increased permeability of the
alveolar-capillary barrie which leads to exudation of pro-
tein into the alveolar space [23-25]. TNF-α, as the first
endogenous proinflammatory factor a, play an important
role in the amplification and the continuation of local and
systemic inflammatory response [26,27]. Previous studies
have shown that TNF-α is up regulated in lung and serum
during this early phase of AHNP in rats which in turn
activate a second set of inflammatory factors or cascade,
including cytokines, lipid mediators, and reactive oxygen
species, as well as other factors associated with initiation
of immune tissue migration and infiltration [28]. Similar
results were observed in our study. Furthermore, we also
found interruption of the thoraci lymph flow (ligation or
drainage) could reduce TNF-α release and protein exu-
dation in BALF and attenuate the pathohistological da-
mage of lung in AHNP rats.
In conclusion, blocking abdominal lymphatic flow by

ligating and drainaging thoracic duct have diffirent effect
on the injury of lung, intestine and pancrease. Thoracic
duct ligation attenuates lung injury, but aggravates the
injury of intestine and pancrease. While thoracic duct
drainage attenuates the injury of lung, intestine and
pancrease simultaneously in rats with AHNP. These re-
sults indicate that abdominal lymph maybe a source of
factors leading to organ injury in AHNP. Recent studies
have shown that the lipase-generated free fatty acids are
the key components resulting in the cytotoxicity of mes-
enteric lymph in rats with trauma-hemorrhagic shock and
the superior mesenteric artery occlusion [29], but the
mechanism needs to be further explained.
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