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Abstract

AIM: To evaluate the role of microcirculatory disorder
(MCD) and the therapeutic effectiveness of tetramethyl-
pyrazine (TMP) on intestinal mucosa injury in rats with
acute necrotizing pancreatitis (ANP).

METHODS: A total of 192 Sprague-Dawley rats were
randomly divided into three groups: normal control
group (C group), ANP group not treated with TMP (P
group), ANP group treated with TMP (T group). An ANP
model was induced by injection of 50 g/L sodium tau-
rocholate under the pancreatic membrane (4 mL/kg).
C group received isovolumetric injection of 9 g/L physi-
ological saline solution using the same method. T group
received injection of TMP (10 mL/kg) via portal vein. Ra-
dioactive biomicrosphere technique was used to measure
the blood flow at 0.5, 2, 6 and 12 h after the induction
of ANP. Samples of pancreas, distal ileum were collected
to observe pathological changes using a validated histol-
ogy score. Intestinal tissues were also used for examina-
tion of myeloperoxidase (MPO) expressed intracellularly
in azurophilic granules of neutrophils.

RESULTS: The blood flow was significantly lower in
P group than in C group (P < 0.01). The pathological
changes were aggravated significantly in P group. The
longer the time, the severer the pathological changes.
The intestinal MPO activities were significantly higher
in P group than in C group (P < 0.01). The blood flow
of intestine was significantly higher in T group than in
P group after 2 h (P < 0.01). The pathological changes
were alleviated significantly in T group. MPO activities
were significantly lower in T group than in P group (P <
0.01 or P < 0.05). There was a negative correlation be-
tween intestinal blood flow and MPO activity (r = -0.981,
P < 0.01) as well as between intestinal blood flow and
pathologic scores (» = -0.922, P < 0.05).
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CONCLUSION: MCD is an important factor for intestinal
injury in ANP. TMP can ameliorate the condition of MCD
and the damage to pancreas and intestine.
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INTRODUCTION

Acute pancreatitis (AP) is often complicated by intestinal
injury. However, its pathogenesis remains unclear. As
we know, AP involves a complex array of mediators
initiating and amplifying the systemic inflammatory
response and therefore leads to failure of the distant
organ systems, such as the lungs, intestine and kidneys' .
Failure of intestinal barrier function often occurs in acute
necrotic pancreatitis (ANP), resulting in the increased
intestinal permeability and subsequent translocation of
bacteria or/and endotoxin from gut". Recent studies
indicate that during the pathogenesis of ANP, changes in
microcirculation play an important role in the worsening
of pancreatitis”. A number of agents have been tried
for preventing or ameliorating this destructive effect on
intestine in experiment conditions. Pharmacologic studies
have demonstrated that tetramethylpyrazine (TMP), an
intravenous drug made from traditional Chinese herbs,
is able to inhibit release of intracellular calcium and to
scavenge oxygen free radicals™”. The significant efficacy
of TMP in cerebral ischemia and reperfusion injury has
been confirmed. This study was to evaluate the role of
microcirculatory disorder (MCD) in ANP of rats and the
therapeutic effectiveness of TMP on intestinal injury in

ANP.

MATERIALS AND METHODS

Animals
Adult Sprague-Dawley rats of both sexes weighing
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250-300 g were provided by the Laboratory Animal Center
of Jiangsu University. The animals were fed with stan-
dard rat chow and water ad lbitum. The rats were allowed
to acclimatize to our laboratory conditions for 1 wk and
then subjected to mesh stainless-steel cages at a constant
temperature (21 = 1°C) in a 12 h day/night cycle. Ptior to
experiment, the rats were fasted overnight with free access
to watet.

Experimental design

The animals were randomly divided into control group (C
group), ANP group not treated with TMP (P group), ANP
group treated with TMP (T group) with 64 rats in each
group. Each group was further divided into 0.5, 2, 6 and
12 h subgroups, respectively. The rats were anaesthetized
with sodium pentobarbital (50 mg/kg, ip) and operated
under aseptic conditions. The rats were infused with
sodium taurocholate (50 g/L, 4 mL/kg, Ward Blen Kinsop
CO) through the pancreatic membrane to induce ANP
model as previously described”. After 5-10 min, pancreatic
edema and dotted bleeding occurred. The rats in T group
were infused with sodium taurocholate. Then 6 g/L
TMP (Wuxi No. 7 Pharmaceutical Factory, China; batch
number: 0008241) was infused ziz femoral vein (10 mL/
kg). The rats in C group received isovolumetric injection
of 9 g/L physiological saline solution. The abdominal
wounds were closed and all the rats were returned to their
cages. Thirty-four animals in each group were sacrificed at
0.5, 2, 6 and 12 h after infusion for further examination.
Part of distal ileum was removed immediately and fixed
in paraformaldehyde solution for 12-24 h and paraffin-
embedded for routine histopathologic analysis and
measurement of myeloperoxidase (MPO) activity. The
histopathologists were blinded to routine histopathologic
analysis. The other rats in each group were used for
intestinal blood flow determination by intravenous
injection of radioactive microsphere technique (RMT).

Blood flow measurements

At 0.5, 2, 6 and 12 h after infusion, intestinal blood
perfusion values were determined using RMT as previously
described” and modified by Chen and Dai"”. *Tc™labeled
microspheres (“Mo-""Tc™ generator preparation provided
by Chinese Institute of Nuclear Power) with a specific
activity of 74 MBq/mL were used for measurement of
blood flow. The right carotid artery was catheterized
with the tip of the catheter placed in the left ventricle
for infusion of "Tc™labeled microspheres. One mlL
”Tc™ radioactive microspheres (approximately 500000
microspheres) was injected for 10 s zia the catheter with
its tip in the aortic ventricle of heart. A reference blood
sample was obtained from the femoral artery catheter for
60 s at a constant rate of 1 ml/min with a continuous-
withdrawal pump. The microsphere animals were killed by
intra-arterial injection of 2 mL 100 g/L KCL.The distal
ileum was removed, weighed and cut into small pieces and
placed in a y counter (GC-1200 gamma radioimmunoassay
counter was from USTC Chuangxin CO.Ltd) to determine
the radioactivity. Samples from each animal were counted
and expressed as counts per minute (CPM). The blood

flow values were calculated according to the following
formula:

Qref (ml./min) X Norg (cpm)
Nref (cpm) X Weighing (g)

Qotg [mL/ (min*g)] =

Where Qorg denotes the organ blood flow (mL/
min*g), Qref is the withdrawal rate of the reference
sample (mL/min), Notg is the number of microspheres in
the organ (cpm) and Nref is the number of microspheres
in the reference sample (cpm).

Myeloperoxidase activity

Sequestrations of neutrophils within the intestinal mucosa
were evaluated by quantifying tissue MPO activity as previ-
ously described"". Intestinal tissue was removed and im-
mediately frozen and stored at -80°C until MPO assay with
a 753 UV-Vis spectrophotometer (Shanghai Optical In-
sttument Factory). The results were expressed as nKat/g
of tissue.

Pathological examination

The rats were killed by intra-arterial injection of 2 mL 100
g/L KClL. The whole pancreas and parts of distal ileum
were obtained and promptly fixed in 40 g/L phosphate-
buffered formaldehyde for further studies. Paraffin-
embedded tissue sections (5-7 pum thick) were stained
with hematoxylin and eosin. Histological evaluation
was performed under light microscope by two blinded
observers on two separate occasions. Mucosal damage
was assessed according to the standard scale of Chiu
et al™. Grading was performed and classified as: 0 =
normal mucosa; 1 = development of subepithelial space
at the tip of the villus; 2 = extension of the space with
epithelial lifting; 3 = massive epithelial lifting; 4 = denuded
villi; 5 = disintegration of the lamina propria (Figure 1) .

Statistical analysis

Results were expressed as mean * SD except for data of
the grading of intestinal mucosal injury. The results were
analyzed using the postHoc test. Differences in grading
of intestinal mucosal injury were analyzed with the Mann-
Whitney U test. The correlation of intestinal blood
flow with MPO activity was analyzed using Pearson’s
correlation. The correlation of pathologic score with the
intestinal blood flow was analyzed using Spearman’ rank
correlation. P < 0.05 was considered statistically significant.

RESULTS

Intestinal mucosal blood flow

As shown in Table 1, the blood flow was significantly
lower in P group than in C group (P < 0.01). It began to
decrease at 0.5 h and reached the lowest at 12 h. However,
the blood flow in T group was significantly higher than
that in P group after 2 h (P < 0.05), and significantly
different from that in C group (P < 0.01).

Myeloperoxidase activity

MPO activity in P group greatly increased compared to
that in C group (P < 0.01). For T group, Although its MPO
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Figure 1 Morphological changes in intestinal mucosa after induction of ANP with/without treatment with TMP (HE x 100). A: Intestinal section with normal mucosa
histopathologically graded as 0; B: Intestinal section with massive epithelial lifting histopathologically graded as 3; C: Intestinal mucosa with denuded villi histopathologically

graded as 4; D: Little damage to intestinal section treated with TMP.

Table 1 Intestinal blood flow change (mL/min per gram) (mean

Table 2 Intestinal MPO activity in C, P and T groups (mean +
SD, nKat/g)

+ SD,n = 8)

Group 0.5h 2h éh 12h Group 0.5h 2h éh 12 h

C 1.54 +0.14 1.56 +0.18 1.56 +0.12 1.61+0.11 C 5817+0.05 57.28+019  58.02+004  68.02+0.11
P 0.75+0.07 0.80 +0.07° 0.63 +0.07° 0.50 + 0.06" P 118.05+0.25° 119.70 +0.23° 136.52+0.17° 134.86 + 0. 21"
T 0.71+0.14° 1.05+012>  1.07+012°¢  0.92+0.08" T 85.86 +0.35° 90.21+0.12*° 107.52+0.23"¢ 128.3 +0.12"¢

P < 0.01 vs C group; ‘P < 0.01 vs P group.

Table 3 Intestinal mucosal injury in each group (7 = 8)

*P < 0.05, °P < 0.01 vs C group; °P < 0.05, “P < 0.01 vs P group.

Group 0.5h 2h 6h 12h
0 I 0 m v Vv o0 I O m v VvV 0 I I m N V 0 I I m N V
C 7 1 0 0 0 0 6 2 0 0 0 0 7 1 0 0 0 0 6 2 0 0 0 0
P 0 2 5 1 0 0 0 0 2 4 2 0 0 0 0 1 4 3 0 0 0 0 3 5
0 3 5 0 0 0 3 4 1 0 0o 0 3 3 2 0 0 0 2 3 2 1 0o o

°P < 0.05,"P < 0.01 vs C group; °P < 0.05, “P < 0.01 vs P group.

activity was also higher in T group than in control group,
it increased less than in P group (P < 0.01 or P < 0.05,
Table 2).

Pathologic examination of intestinal mucosa and pancreas

After induction of ANP model, pancreas showed mild
edema and congestion. Two hours after introduction of
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the model, typical pathologic changes were found in ANP,
such as a large number of inflammatory cells, necrosis
of adjacent fat tissues, interstitial edema, parenchyma
hemorrhage and necrosis, large amount of ascites. The
results had a concordance of 100% of the readings by
2 pathologists. The degree of intestinal pathological
injury is shown in Table 3. The grades of P group were
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significantly higher than those of control group (P < 0.01).
The histopathological grades of T group were significantly
lower than those of P group (P < 0.05) (Figure 1).

Correlation analysis

Correlation analysis showed that there was a negative
correlation between intestinal blood flow and MPO
activity (r = -0.981, P < 0.01) as well as between intestinal
blood flow and pathologic score (= -0.922, P < 0.05).

DISCUSSION

Microcirculatory mechanisms are involved in the develop-
ment of acute pancrearjtism’m. Changes in microcirculation
is an important factor for the development of ANP. It can
damage the pancreas and extra pancreatic vital organsm’m,
leading to a series of changes including vasoconstriction,
ischemia, increased vascular permeability, impairment of
nutrient tissue perfusion, ischemia/reperfusion injury,
leukocyte adherence. RMT provides an efficient method
for estimating blood flow to various organs in the body.
Our results revealed that, at the early stage of ANP,
intestinal mucosal blood flow decreased significantly 0.5 h
after injection of 50 g/L sodium taurocholate as compared
with control group (P < 0.01). Intestinal mucosal injury
occurred at the same time which might result from ANP
and release of inflammatory mediators. Changes in the
nerve endocrine system bring about redistribution of
viscera blood flow, producing a sharp decrease in intestinal
blood flow. Intestinal mucosa is sensitive to the shortage
of blood and oxygen. Due to the further decrease in
circulatory blood and over activation of inflammatory
mediators, much lower intestinal blood flow further
damages the mucosa, suggesting that microcirculation
disturbances may contribute to intestinal mucosal damage.
The second prominent feature in this experimental
model is the development of granulocytosis and
accumulation of neutrophils in intestinal tissue. Because
neutrophils are known to be required for the development
of intestinal injury in ANDP, interventional studies were
undertaken to assess whether intravenous administration
of TMP would result in decreased neutrophil accumulation
in intestinal tissues. The MPO activities in intestinal tissue
were assayed to assess the number of recruited neutrophils
to the intestinal tissue in C, P and T groups. Our results
showed that the MPO activity was markedly elevated after
induction of pancreatitis and TMP significantly reduced
neutrophil accumulation in intestinal tissue, suggesting that
TMP attenuates the increase in MPO activity and improves
the histological findings in both pancreas and intestine.
TMP is widely used in traditional Chinese medicine,
often in combination with other herbal medicines. It
is traditionally used to treat a diversity of ailments,
particularly cardiovascular disorders such as atherosclerosis
or blood clotting abnormalities. TMP can intervene in
hemorheological events in the organs, such as blood flow,
erythrocyte deformation, leukocyte adhesion, platelet
aggregation and thrombolysis""”. TMP protects against
vascular endothelial cell injuries induced by hydrogen
peroxide“sl and tissue injuries caused by activated

neutrophils by scavenging oxygen radicals'” as well as
enhances the action against free radicals and inhibits ca
function, which may be one of the mechanisms undetlying
the protection of cells against intestinal ischemic
reperfusion injury™.

In conclusion, TMP attenuates MPO activity and
improves intestinal microcirculation. Its protective effects
against intestinal injury may be attributed to improving
microcitculation and further preventing accumulation
of neutrophils. MCD plays an important role in the
development of intestinal injury. Eatly use of TMP seems
to be effective in ameliorating intestinal injury.
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