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Amygdalin improves microcirculatory disturbance and attenuates pancreatic
fibrosis by regulating the expression of endothelin-1 and calcitonin
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Abstract
Background: The pathogenesis of chronic pancreatitis (CP) is a complex process of interaction between tissue injury and repair, which involves
microcirculatory disturbance. Amygdalin, an effective component extracted from Semen Persicae (a kind of Chinese herbal medicine), can
decrease blood viscosity and improve microcirculation. In this study, we investigated the therapeutic effects of amygdalin on pancreatic fibrosis
in rats with CP.
Methods: The rat CP model was induced by injecting dibutyltin dichloride (DBTC) into the right caudal vein. Amygdalin was administrated via
the penile vein at a dose of 10 mg/(kg d) from the next day, after the induction of CP, once a day for the previous 3 days, and then once every 2
days, until the end of the experiment. Body weight was observed every 7 days. Pancreatic blood flow and histopathological changes were
assessed at 28 days. The activation of pancreatic stellate cells (PSCs) was estimated by the expression of a-smooth muscle actin (a-SMA). At the
same time, the expression of platelet-derived growth factor-BB (PDGF-BB), transforming growth factor b-1 (TGFb-1), endothelin-1 (ET-1), and
calcitonin gene-related peptide (CGRP) of pancreatic tissues were detected.
Results: Treatment of CP rats with amygdalin improved body weight and pancreatic blood flow, as well as alleviated pancreatic fibrosis and
acinar destruction, accompanied by the down-regulation of the expressions of a-SMA, PDGF-BB, TGFb-1, and ET-1, and the up-regulation of
the CGRP's expression.
Conclusion: Amygdalin could reduce the production of pro-fibrotic cytokines, inhibit the activation of PSCs, and attenuate pancreatic fibrosis in
a rat with CP. The mechanism probably includes improving microcirculatory disturbance by regulating the production of ET-1 and CGRP.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Chronic pancreatitis (CP) is an intractable disease charac-
terized by progressive fibrosis, which leads to the permanent
loss of exocrine and endocrine functions. Pancreatic stellate
cells (PSCs) are the major source of collagen and now known
to play a major role in the production of pancreatic fibrosis.1,2

In the normal pancreas, PSCs are in a state of quiescence.
When the pancreas gets damaged, PSCs are activated and
undergo both morphological and functional changes. The cells
enlarge, proliferate, and secrete collagen types I and other
extracellular matrix proteins.

Activated PSCs exhibit positive staining for the cytoskeletal
protein a-smooth muscle actin (a-SMA) and become respon-
sive to cytokines such as platelet derived growth factor-BB
(PDGF-BB) and transforming growth factor b-1 (TGFb-1).
Studies have indicated that PDGF-BB and TGFb-1 were over-
expressed in CP patients.3e5 They can stimulate PSCs acti-
vation, proliferation and migration.3,6 Actually, PSCs are
activated and secrete collagen to repair damaged tissue, but a
lot of PSCs become activated and secrete excessive collagen
and other extracellular matrix components leading to pancre-
atic fibrosis. So it is essential for treating CP to terminate the
activation of PSCs in a timely and appropriate manner.

Microcirculatory disturbance is a hallmark in pancreatic
fibrosis.7 Both endothelin-1 (ET-1) and calcitonin gene-related
peptide (CGRP) are important factors that affect microcircu-
lation. Amygdalin, an effective monomer component of Semen
Persicae (a kind of Chinese herbal medicine), has analgesic,
anti-coagulation, anti-neoplastic, and anti-inflammatory ef-
fects.8 Whether or not amygdalin inhibits the progression of
pancreatic fibrosis remains unknown. The aim of this study was
to observe the effect of amygdalin on the microcirculation of
pancreas and discuss its potential mechanism in rats with CP.

2. Methods
2.1. Animals
Specific pathogen free male Wistar rats weighing
170e180 g were provided by the Animal Center of Institute of
Hygiene Environmental Medicine, Military Medical Science
Academy of the PLA, Beijing, China. All rats were housed
under standard conditions, including a 12 h light/dark cycle
and free access to food and drinking water. All experiments
were conducted in accordance with the US National Institutes
of Health Guide for the Care and Use of Laboratory Animals,
and the experimental protocol was approved by the Medicine
Ethical Committee of Tianjin Nankai Hospital.
2.2. Experimental procedures
Forty rats were randomly divided into four groups (n ¼ 10):
control group, amygdalin group, CP group, and CPþ amygdalin
group. Dibutyltin dichloride (DBTC, SigmaeAldrich, China)
was dissolved first in 100% ethanol (two parts) and then mixed
with glycerol (three parts). CP model was induced by injecting
DBTC solution (8mg/kg bodyweight) into the right caudal vein,
according to a protocol reported by Sparmann et al.9 For the
control group, the rats were injected with vehicle (ethanol:gly-
cerol, 2:3) only. Amygdalin (SigmaeAldrich, China) was dis-
solved in saline solution and administered via the penile vein
with a dose of 10 mg/(kg d) from the next day after induction of
CP, once a day for the previous 3 days, and then once every 2
days, until the end of the experiment. The body weight of each
rat was observed every 7 days. At 28 days after the injection of
DBTC, all rats were anesthetized and sterilized. Then the
abdominal cavity was opened and the pancreas was exposed for
the measurement of the blood flow using laser Doppler flow-
meter (PeriFlux 5001 Master monitor, Perimed AB, Sweden).
Moreover, the pancreatic tissues were harvested for hematoxylin
and eosin (H&E) staining to evaluate the histopathology injury
of pancreas. The expression of a-SMA, PDGF-BB, TGFb-1,
ET-1, and CGRP in pancreatic tissues was detected by using
western-blot and real-time polymerase chain reaction (PCR),
respectively. Experimental protocol was carried out according to
the time schedule (Table 1).
2.3. Evaluation of pancreatic histopathology change
Half of the pancreatic tissues were fixed in 4% para-
formaldehyde, embedded in paraffin, cut into 3 mm-thick sli-
ces and stained with H&E. Histopathologic assessment was
performed by two pathologists who blinded to the source of
the histology sections they evaluated. Two sections of each
sample were taken to acquire image from different five fields
of view at 100� magnification. The score was determinated
using scoring acinar destruction and fibrosis as follows:
0 ¼ 0%, 1 ¼ 0e25%, 2 ¼ 26%e50% and 3 ¼ 51%e100% in
the whole field of view. The alteration of the tissues was
calculated as the sum of lesion size scores per one rat.
2.4. Determination of pancreatic blood flow
Rats were anesthetized and placed on a constant tempera-
ture (37 �C) heated metal plate. The abdominal cavity was
opened along the midline, the pancreas was found along with
the duodenum, and then the probe of Laser Doppler flowmetry
was placed on the surface of the pancreas at the side of the
biliary pancreatic duct and near the duodenum. After it
remained stable for 5 min, the microcirculation blood flow was
recorded as perfusion unit (PU).
2.5. Detection of the protein expressions of a-SMA, ET-1,
and CGRP
The total protein was prepared from the pancreatic tissue
and separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and then transferred onto a polyvinylidene
difluoride membrane. The membrane was incubated with
primary antibodies (a-SMA, diluted 1:1000, Abcam, China;
ET-1 and CGRP, diluted 1:500, Santa Cruz, USA) at 4 �C
overnight, washed with Tris-buffered saline with Tween 20 for
3 times, and incubated with horseradish peroxidase-



Table 1

Time schedule.

Group 0 d 1 d 2 d 3 d 5 d (7 d, 9 d,…27 d) 28 d

Control vehicle saline saline saline saline sacrifice

Amygdalin vehicle amygdalin amygdalin amygdalin amygdalin sacrifice

CP DBTC saline saline saline saline sacrifice

CP þ amygdalin DBTC amygdalin amygdalin amygdalin amygdalin sacrifice
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conjugated goat anti-rabbit IgG (1:1000, Boster, China) for 2 h
at room temperature. The glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) antibody (1:1000, Cell Signaling, USA)
was used as internal control.
2.6. Detection of the mRNA expressions of a-SMA,
PDGF-BB, TGFb-1, ET-1, and CGRP
Total RNA was extracted from the pancreatic homogeni-
zation with SV Total RNA Isolation System (Promega, USA),
and 1.0 mg of total RNA was reverse-transcribed into cDNA
with Reverse Transcription System (Promega, USA). Then
1.0 ml of cDNA product was used for PCR in a 25 ml reaction
volume by using the following primers (Table 2) and real-time
Master Mix (Tiangen Biotech, China). PCR amplification was
performed on iCycler iQ™ Multicolor Real-Time PCR
Detection System (Bio-Rad, USA).
2.7. Statistical analysis
The results were expressed as mean ± standard deviation
(SD). All data were analyzed using SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA). One-Way ANOVA test followed by
Table 2

Sequences of primer in real-time PCR.

Gene Sequences of the primer

a-SMA (NM_031004) sense: 50 TGTGCTGGACT
antisense: 50 GATCACCT

PDGF-BB (NM_031524) sense: 50 CCCAAGAACC
antisense: 50 GAGAGTTC

TGF-b1 (NM_021578) sense: 50 CTCAACACCTG
antisense: 50 AGTTGGCA

ET-1 (NM_012548) sense: 50 GAGCAGAGAC
antisense: 50 GCCTGAGT

CGRP (NM_017338) sense: 50 CCAGATCTAAG
antisense: 50 TGCCAAAA

GAPDH (NM_017008) sense: 50 GGCTCATGACC
antisense: 50 ACATTGGG

Table 3

The body weight of rats in four groups (n ¼ 10, mean ± SD).

Groups

0 day 7 day

Control 176.6 ± 7.6 193.0 ± 12.2

Amygdalin 177.1 ± 7.8 190.2 ± 12.6

CP 176.8 ± 6.8 175.4 ± 14.5

CP þ amygdalin 177.6 ± 8.0 179.5 ± 13.6

ap < 0.05, vs the control group; bp < 0.05, vs the CP group.
the LSD test for multiple comparisons were used for statistical
analysis. p < 0.05 was considered to be statistically significant.

3. Results
3.1. Effect of amygdalin on the body weight
During the 7 days after DBTC injection, rats in CP group
did not gain weight. Moreover, final body weight in the CP
group over the 28-day observation period was found to be
significantly lower when compared to the control animals,
administration of amygdalin increased the body weight of CP
rats (Table 3).
3.2. Effect of amygdalin on the development of DBTC-
induced rat pancreatitis
At gross inspection, in contrast to the normal appearance of
the pancreas in both the control and amygdalin groups
(Fig. 1A and B), the pancreas of the CP rats presented with
paleness, marked atrophy, and dilatation of the biliopancreatic
duct (Fig. 1C). Treatment of the CP rat with amygdalin could
alleviate pancreatic injury (Fig. 1D). Sections from the rats of
both the control and amygdalin groups exhibited a normal
Lengths of product (bp)

CTGGAGATG 30

GCCCATCAGG 30
292

TGGGACAAGC 30

CTCCAGTCCGTG 30
192

CACAGCTCC 30

TGGTAGCCCTTG 30
159

ACAGTGCCAT 30

CAGACACGAACA 30
114

CGGTGTGGG 30

TAGGGGTGGTGG 30
168

ACAGTCCAT 30

GGTAGGAACACG 30
202

Body weight (g)

14 day 21 day 28 day

220.3 ± 18.7 252.3 ± 23.4 273.3 ± 28.7

221.4 ± 18.1 256.2 ± 20.8 275.2 ± 29.1

188.3 ± 17.6a 198.5 ± 21.8a 219.4 ± 33.2a

203.5 ± 19.2 230.8 ± 23.1b 268.5 ± 32.6b



Fig. 1. Gross and microscopic findings in the pancreas of the four groups. AeD: Gross finding. A: Control group, normal appearance of pancreatic tissue.

B: amygdalin group, normal. C: CP group, four weeks after administration of DBTC, the pancreatic tissue was pale, had marked atrophy, and a dilated bil-

iopancreatic duct (arrow). D: CP þ amygdalin group, both the pancreatic atrophy and the dilatation of pancreatic duct were ameliorated. EeH: H&E stain (�200).

E: Control group, normal structure of pancreatic tissue. F: amygdalin group, normal. G: CP group, destroyed acinar cells and extensive fibrosis were observed.

H: CP þ amygdalin group, acinar cells atrophy and some lobules structure was destroyed, and only intralobular fibrosis was observed. I: The scores of acinar

degeneration and fibrosis in the CP group were increased compared to those of the control group, and treatment of the CP rats with amygdalin decreased the

histopathologic scores significantly. ap < 0.05, vs control group; bp < 0.05, vs CP group.
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structure (Fig. 1E and F). But in the sections of the pancreas
from the CP rats, there were found destroyed acinar cells and
extensive diffuse fibrosis (Fig. 1G). Amygdalin administration
decreased acinar cell atrophy and loss, and substantially
reduced fibrosis (Fig. 1H). Both the scores of acinar degen-
eration and fibrosis in the CP group were increased compared
to those in the control group, while the treatment of the CP rats
with amygdalin decreased the histopathologic scores signifi-
cantly ( p < 0.05, Fig. 1I).
3.3. Effect of amygdalin on pancreatic blood flow
Pancreatic blood flow was decreased in rats with CP
compared to that in the control group. Treatment of the rat CP
model with amygdalin increased the pancreatic blood flow
( p ¼ 0.014, Fig. 2).
3.4. Effect of amygdalin on PSCs activation
Activated PSCs were demonstrated by the expression of a-
SMA using both western-blot and real-time PCR assay. The
mRNA and protein expression of a-SMAwere all significantly
increased in the CP group compared to those of the control
group, and treatment of the CP rats with amygdalin could
reduce the expression of PSCs significantly ( p < 0.05, Fig. 3).
3.5. Effects of amygdalin on the expressions of PDGF-
BB and TGFb-1
The mRNA expressions of PDGF-BB and TGFb-1, were all
markedly increased in the CP group than that in the control
group. While treatment of the rat CP model with amygdalin
could significantly decrease the expressions (Fig. 4).



Fig. 2. Pancreatic blood flow in the four groups. The pancreatic blood flow was analyzed by using Laser Doppler flowmetry and was recorded as perfusion unit

(PU). The pancreatic blood flow was decreased in rats with CP as compared to the control group. Treatment with amygdalin increased the pancreatic blood flow

significantly. ap ¼ 0.000, vs control group; bp ¼ 0.014, vs CP group.
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3.6. Effects of amygdalin on the expressions of ET-1 and
CGRP
Both the protein and the mRNA expression of ET-1 were
increased, and the expressions of CGRP were decreased in the
CP group. On the other hand, treatment of the rat CP model
with amygdalin could significantly down-regulate the expres-
sion of ET-1 and up-regulate the expression of CGRP (Fig. 5).

4. Discussion

CP is an irreversible, progressive disease and there is still
no specific drug used for treatment. Citric acid, enzyme, and
surgery can only relieve relative symptoms temporarily, but
cannot stop the progression of pancreatic fibrosis. Amygdalin
is a cyanogenic glucoside that widely exists in the seeds of
rosaceae plants, including peach, almond, plum, and apricot. It
has been used for promoting blood circulation to dissipate
blood stasis for many years in China. A recent study confirmed
that amygdalin could effectively decrease plasma viscosity,
prolong thromboplastin time, and decrease fibrinogen content
in rats.10 Another study by Wu et al. demonstrated that
amygdalin could suppress kidney fibroblast proliferation,
reduce TGF-b1 secretion, and postpone the process of renal
interstitial fibrosis in animal models with unilateral ureteral
obstruction.11 As the usage of amygdalin has been increas-
ingly recognized, we therefore observed the effects of amyg-
dalin on pancreatic microcirculation and fibrosis in rats with
CP.

DBTC can specifically induce the necrosis and aggregation
of biliary epithelial cell, which cause blockage of bile duct, and
then leads to pancreatic acute inflammation in the early stage
and fibrosis in late stage. At 28 days, after a single intravenous
administration, we observed that the pancreas presented with
paleness and atrophy, and the common biliopancreatic duct was
dilated to a diameter of 6e15 mm. Histologic changes of the
pancreas including fibrosis, tubular complex formation,
destruction of acinar cells, and inflammatory cell infiltration
were observed in model rats. Along with the fibrotic progres-
sion, we observed that the weight of rats with CP decreased at
21 days and 28 days after the application of DBTC, as previous
report.12 According to previous reports, amygdalin at doses in
the range of 3e60 mg/kg were shown to protective effects
against renal fibrosis and hypoxic brain injury in rats.11,13,14 In
the current study, we demonstrate that amygdalin at a dose of
10 mg/kg ameliorates both the pancreatic appearance and the



Fig. 3. The protein and mRNA expressions of a-SMA in the pancreas of the

four groups. Both the protein and the mRNA expressions of a-SMA were

markedly increased in the CP group compared with the control group, treat-

ment of the CP rats with amygdalin significantly decreased the expressions.
ap ¼ 0.000, vs control group; bp ¼ 0.013, vs CP group.

Fig. 4. The mRNA expressions of PDGF-BB and TGFb-1 in the pancreas of

the four groups. mRNA expressions were analyzed by using real time PCR.

Both the PDGF-BB and the TGFb-1 mRNA expressions were increased in the

CP group compared with the control group, treatment of the CP rat with

amygdalin could significantly decrease the expressions. ap < 0.05, vs control

group; bp < 0.05, vs CP group.

Fig. 5. The protein and mRNA expressions of ET-1 and CGRP in the pancreas

of the four groups. The protein and mRNA expressions of ET-1 were markedly

increased in the CP group compared with the control group, but the protein and

mRNA expressions of CGRP were decreased. Treatment of the CP rat with

amygdalin could significantly decrease the expression of ET-1, and increase

the expression of CGRP. ap < 0.05, vs control group; bp < 0.05, vs CP group.
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histopathological changes, and improves the body weight. The
results implicates that amygdalin can be a potential remedy for
pancreatic fibrosis.

PSCs play a pivotal role in pancreatic fibrogenesis. In
response to pancreatic injury or inflammation, quiescent PSCs
are activated, and then obtain the ability to proliferate rapidly and
secrete lots of extracellular matrix components, such as type I
and type III collagen.15 The expression of a-SMA is a specific
marker of the activated PSCs, so the mRNA and protein
expression of a-SMAwere demonstrated in this study, whichwas
originally derived from platelets, is one of the most powerful
stimulating factors that promotes cell mitosis. It has been
confirmed that PDGF-BB can accelerate the activation and
proliferation of PSCs, and in turn, activated PSCs can secret
some kinds of cytokines (such as PDGF-BB and TGF-b1).
PDGF-BB and TGF-b1 also promote collagen synthesis and
secretion of extracellularmatrix synthesis.16,17 At the same time,
PDGF-BB has a chemotactic effect on PSCs by attracting acti-
vated PSCs to the damaged site of the pancreas, and aggravates
fibrosis.18 The interactions between inflammatory cytokines and
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activated PSCs, aggravate the progress of pancreatic fibrosis. In
this study, we found that amygdalin could decrease the mRNA
and protein expressions of a-SMA, PDGF-BB and TGF-b1 in
pancreatic tissue of CP rats. It is suggested that amygdalin
reduced the production of PDGF-BB and TGF-b1, and inhibited
the activation of PSCs.

The blood flow of the pancreatic tissue is supplied by the
internal carotid artery which is a terminal artery. The
anatomical feature determines that pancreas is very sensitive
to ischemia. Reduction of blood flow in the pancreatic
microcirculation may be the primary reason of pancreatic in-
flammatory, leading to the capillary thrombosis, ischemia,
activation of macrophages and leukocytes, and the production
of inflammatory mediators, which can activate PSCs.19,20

Further research found that the activated PSCs surrounding
the pancreatic microvasculature has an effect of contracting
the microvessel, which reduces the pancreatic microvascular
perfusion; microvascular perfusion deficiency in turn aggra-
vates pancreatic fibrosis and parenchymal atrophy of
pancreas.21 ET-1, as a medium of inflammation, is the stron-
gest long-term vasoconstrictor peptide.22 While CGRP is a
potent vasodilator neuropeptide which can protect myocar-
dium against damage evoked by ischemia reperfusion bind.23

Our results showed that the expression of ET-1 was reduced
and the expression of CGRP was raised with the treatment of
the CP rat with amygdalin. It is suggested that the role of
amygdalin in improving pancreatic microcirculation may be
achieved by down-regulation of ET-1 and up-regulation of
CGRP.

In conclusion, our results suggest that amygdalin improves
microcirculatory disturbance, attenuates PSCs activation and
reduces inflammatory factors production in pancreatic fibrosis,
with a probable mechanism by regulating the expression of
ET-1 and CGRP in vivo.
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