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Abstract: This study aimed to explore the influence of the combination of rhubarb polysaccharide and semen croto-
nis pulveratum on lymphocyte homing in the intestinal mucosa of ulcerative colitis (UC) rats. A rat colitis model was 
induced by 2,4,6-trinitrobenzenesulfonic acid (TNBS). Rats were allocated to the control group, the model group, 
the salazosulfapyridine group, the semen crotonis pulveratum+ rhubarb polysaccharide high dose group (B+R80 
group), the moderate group (B+R60 group), and the low group (B+R40 group) (all n=10). Flow cytometry detected 
CD3+, CD4+, CD8+ and the CD4+/CD8+ ratio in peripheral blood and the lamina propria of the intestinal mucosa. 
Mucosal addressin cell adhesion molecule-1 (MAdCAM-1) mRNA in intestinal mucosal tissues was monitored with 
RT-PCR. Lymphocyte function-related molecule (αLβ2) and intercellular adhesion molecule-1 (ICAM-1) were detect-
ed by immunohistochemistry in colon tissues. Compared with the model group, CD8+ levels in the peripheral blood 
from the B+R40, B+R60, and B+R80 groups increased (P<0.05), and the CD4+/CD8+ ratio decreased (P<0.01). 
CD4+ and CD4+/CD8+ ratio in the intestinal mucosa were increased (P<0.01), and the difference was most no-
table in the B+R40 group. The colon macroscopic damage index score decreased to different degrees (P<0.05), 
histopathologic score decreased (P<0.01), and the expression of MAdCAM-1 decreased. The expression of ICAM-
1 was significantly decreased (P<0.05), but similar between groups (P>0.05). αLβ2 expression was significantly 
decreased in the B+R80 and B+R40 groups (P<0.01). Rhubarb polysaccharide and semen crotonis pulveratum in 
combination decreased damage to the intestinal mucosa by regulating homing of lymphocytes in UC rats to improve 
the immune function of the mucosa.
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Introduction

Ulcerative colitis (UC) is an idiopathic inflamma-
tion involving the rectum, colonic mucosa and 
submucosa [1]. Locally manifesting continu-
ous, diffuse mucosa and submucosal inflam-
matory changes in the intestinal tract, generate 
into erosion and ulceration that can be ob- 
served by eye. There are many UC pathogene-
sis-related theories: genetic susceptibility and 
gene polymorphisms theory, environmental 
pathogenic theory, inflammatory factor and oxy-
gen radical theory, and intestinal microecology 
theory [2]. Among the various theories, immune 
disorders are believed to be the main reason 
for UC pathogenesis, and abnormal lymphocyte 
homing is the pathological basis for immune 

disorder [3]. When UC occurs, lots of lympho-
cytes migrate into the area of inflammation, 
and more inflammatory factors and inflamma-
tory mediators are activated, leading to an 
imbalance of the immune system in the intesti-
nal mucosa. The intestinal epithelial barrier is 
damaged, finally resulting in intestinal mucosa 
injury. 

The intestinal tract is the largest mucosal 
immune system. The directional migration of 
lymphocytes in the blood entering into periph-
eral organs or specific tissues is a very compli-
cated process that is strictly regulated, and 
involves a series of interaction among ad- 
dressins, such as chemotactic factors, homing 
receptors, and addressins. Lymphocytes are 
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organized into specific gut-associated lymphoid 
tissues such as Peyer’s patches, mesenteric 
lymph nodes, and diffuse effector sites of the 
gut epithelium and lamina propria [4]. Homing 
receptors on the lymphocytes’ surface specifi-
cally bind homing vascular addressins on the 
intestinal mucosa surface, and the lympho-
cytes then continuously migrate to inflamma-
tion sites. The lymphocyte homing receptor, 
includes L-selectin, α4β7 integrin, and lympho-
cyte function-related antigens (LFA, αLβ2). The 
corresponding ligands are vascular endothelial 
cell addressins in the organs and tissues, 
including mucosal vascular addressin cell ad- 
hesion molecule 1 (MadCAM-1), and intercellu-
lar adhesion molecule 1 (ICAM-1) [4]. This bind-
ing can make adhesion between endothelial 
cells and lymphocytes closer, and mediates 
lymphocytes entering into the inflammatory tis-
sues. Therefore, specific recognition between 
the homing receptor and addressin is the 
molecular basis of lymphocyte selective hom-
ing [5-7]. Currently, therapies for UC involve 
blocking tumor necrosis factor-α as a method 
of blocking inflammation. However, this is not 
successful in many patients and other methods 
are also being investigated that target a 
decrease in adhesion, by correction of abnor-
mal lymphocyte homing [8]. The search for 
alternative treatments for UC has led some to 
consider the use of methods established in tra-
ditional Chinese medicine [9, 10].

The Chinese rhubarb plant, Rheum officinale, 
possesses many medicinal effects in tradition-
al Chinese medicine, such as bowel-relaxing, 
clearing heat and detoxifying, blood cooling, 
stasis-expelling, and it is generally used for 
constipation, blood heat, blood stasis, and 
damp-heat [11]. Tannins in Rheum officinale 
inhibit the purgative action of rhubarb anthra-
quinone. Therefore, Rheum officinale possess-
es double effects of purgative and antidiarrheal 
actions [12]. Chinese language reports suggest 
it also maintains the integrity of cellular struc-
ture, protects the gastrointestinal mucous 
membrane, and resists injury of the gastroin-
testinal mucous membrane [13, 14]. Rhubarb 
polysaccharide is one of the water-soluble com-
ponents in Rheum officinale, possessing vari-
ous bioactivities. It promotes immune system 
recovery balance or strengthening by stimulat-
ing mature, differentiation, and reproduction of 
immune cells. Rhubarb extract improves muco-
sal integrity and reduces ileal inflammation in 

rats with 5-fluorouracil-induced intestinal mu- 
cositis [15], and protects against radiation- 
induced intestinal mucosal injury in rats [16].

Semen crotonis pulveratum is a processed 
form of croton plant seeds. Its use in traditional 
Chinese medicine includes drastically purging 
cold and eliminating phlegm, treating constipa-
tion, ascites bulging, and throat impediments. 
Our previous study indicated that a small dose 
of semen crotonis pulveratum could treat diar-
rhea by improving absorption function of intes-
tinal tract and reducing intestinal motility [17]. 
Another study found that it inhibits inflamma-
tion in UC in rats, it increased circulating Tr- 
eg cells, altered cytokine production and de- 
creased cyclooxygenase-2 (COX-2) and ICAM-1 
expression [18].

The combination of Rheum officinale and 
semen crotonis pulveratum has traditionally 
been used to treat diarrhea. In a previous study, 
we found that this combination had a similar 
antidiarrheal effect to a small-dose of semen 
crotonis pulveratum, and was superior to single 
small-dose of semen crotonis pulveratum in 
adjusting serum electrolyte concentration, and 
improving activity of Na+-K+-ATPase in colon 
epithelial cells [19].

There are many different animal models for 
studying immunopathogenesis of the bowel 
[20]. A rat model of inflammatory intestinal dis-
ease induced by 2,4,6-trinitrobenzenesulfonic 
acid (TNBS) has been widely studied [21]
Cumming School of Medicine, University of 
Calgary, Calgary, Alberta, Canada. We hypothe-
sized that rhubarb polysaccharide in combina-
tion with semen crotonis pulveratum might 
affect immune function and intestinal lympho-
cyte homing in the intestinal mucosa. So, the 
aim of this study was to investigate the effect of 
rhubarb polysaccharide combined with semen 
crotonis pulveratum at different doses on a 
TNBS rat model. T lymphocyte subsets in 
peripheral blood and intestinal mucosa were 
observed, as well as MAdCAM-1 mRNA, αLβ2, 
ICAM-1 expression patterns and the structural 
damage to the intestinal mucosa tissues. 

Materials and methods 

Experimental animals 

The experiment was approved by the Ethics 
Committee of Tianjin Medical University. Wistar 
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rats (n=60) were purchased from Academy of 
Military Medical Sciences aged 6-8 months 
with body weight 200±20 g. The rats were fed 
at the Institute of Radiation Medicine, Chinese 
Academy of Medical Sciences, and acclimated 
for 3 days. 

Establishment of rat UC model induced by 
TNBS 

The model was built as previously reported 
[22]. The rats were labeled with picric acid 24 
hours before modeling using a random number 
table. The rats were then divided into the nor-
mal control group (N group), the model control 
group (C group), the salazosulfapyridine (SASP) 
group (Y group), the semen crotonis pulvera-
tum+ rhubarb polysaccharide high dose group 
(B+R80 group), the moderate group (B+R60 
group), and the low group (B+R40 group) (n=10). 
All the rats were fasted but allowed free access 
to water. The rats were given 10% chloral hy- 
drate by intraperitoneal injection (3 mL/kg), 
and inversely placed in a fixator. A modified 8FR 
catheter (the catheter was cut 12 cm along the 
its end and the end of a 5 mL syringe whose 
metal needle was pulled out was sealed to the 
catheter with tape, a position 8 cm away from 
the end of catheter was marked and the stabil-
ity of the catheter was validated) was slowly 
inserted into the rectum at 8 cm. Except for 
rats in the N group, the rats in other groups 
were slowly administrated with a TNBS enema 
(volume (mL)=0.8 mL × body weight (g) ÷ 200 
g), followed by 0.5 mL air. The rats in the N 
group were given saline based on the same 
equation. The rats were placed upturned for 5 
minutes to prevent the enema from flowing out, 
and then returned to their cage in a low-head-
high-bottom position for observation. After 
recovering consciousness, they were housed 
together according to their grouping and 
returned to a normal feeding and drinking 
regime.

Drug administration and sample collection

Sulfasalazine tablets were purchased from 
Tianjin Medical University General Hospital, 
manufactured by Xinyitianping Pharmaceutical 
Co., Ltd, Batch No. 09150313. Rhubarb poly-
saccharide (RHP) and semen crotonis pulvera-
tum were provided by Tianjin Lerentang Phar- 
maceutical Factory. The dose of rhubarb poly-
saccharide referred to previous references [23, 

24]. 80 mg, 60 mg, and 40 mg of rhubarb poly-
saccharide was suspended in 2 mL CMS, 
respectively, to prepare high, moderate and low 
dose solution, and was given to rats at 400 
mg/(kg×d), 300 mg/(kg×d), 200 mg/(kg×d). 
The dose of semen crotonis pulveratum re- 
ferred to the previous experiments [25, 26] at 
concentration of 1.67×10-1 mg/mL prepared 
with distilled water. The dose of salazosulfapyri-
dine (SASP) referred to reference [27]: 100 mg 
drug powder was suspended into 2 mL 0.5% 
CMS solution. Before preparation, the coating 
of the tablets was completely scraped with a 
knife, and ground in a mortar. The ground pow-
der was sieved with an 80-mesh sieve. The 
powder was further ground, and then sieved 
with 180 mesh until the drug was ground into 
very fine powder. The drug was given at 500 
mg/(kg×d). 

On the 4th day after modeling, the rats were 
administrated the appropriate drug for their 
group by gavage (dose mL=2 mL × body weight 
(g)÷200 g) for 7 days. The rats in N groups were 
given carboxy methyl starch sodium (CMS) 
solution with same volume for 7 days. At 7 days 
after administration, the rats were fasted but 
allowed water for 24 hours, and then anesthe-
tized with 10% chloral hydrate (3 mL/kg) via 
intraperitoneal injection. The anesthetized rats 
were placed on the platform in supine position, 
and skin preservation was conducted on one 
side of groin. The colon tissue was dissociated, 
and the rats were dissected along the mesen-
tery. The tissues were washed in saline at 4°C 
3 times, and excess water was absorbed by fil-
ter paper. The occurrence of colon injury was 
observed, recorded, scored, and photographed. 
Colon tissue ulcer lesion (1 cm) were removed 
and fixed in 10% neutral formaldehyde. The 
remaining tissue was placed in a filter paper, 
and one end was fixed. The intestinal mucosal 
tissue was slightly scraped. After weighing, 100 
mg of the tissue were homogenized. The re- 
maining tissue was marked, placed into liquid 
nitrogen immediately, and transferred into 
-80°C for storage.

Colon macroscopic damage index (CMDI) 
score 

Referring Tsune et al.’s standard [27], the score 
was estimated by eye. The score was the sum 
of adhesion, ulcer formation and inflammation 
condition as shown in Table 1. 



Rhubarb polysaccharide and semen crotonis pulveratum on intestinal lymphocyte homing

13311	 Int J Clin Exp Med 2018;11(12):13308-13318

Colon histopathologic score 

After fixing in 10% neutral formaldehyde solu-
tion, the colon tissues were embedded in paraf-
fin, sliced into 5 μm slices, stained with hema-
toxylin and eosin (H&E), observed under optical 
microscope, and scored. The scoring standard 
is shown in Table 2.

Lymphocytes in peripheral blood and intestinal 
mucosa detected by flow cytometry 

Fluorescein isothiocyanate (FITC) labeled mou- 
se anti-rat CD4 monoclonal antibody (BD, USA), 
allophycocyanin (APC) labeled mouse anti-rat 
CD3 monoclonal antibody (BD, USA), and 
R-phycoerythrin (PE) labeled mouse anti-rat 
CD8 monoclonal antibody (BD, USA) were 
added at the suggested concentrations respe- 
ctively into a flow cytometry tube, and mixed 
well. Whole blood was processed for anticoagu-
lation, and 50 μL was added into each tube 
(1×106). The blood was completely mixed, and 
placed at room temperature avoiding light for 
15 minutes. 100 μL red blood cell lysis buffer 
was added to each tube, and then with distilled 
water 2 mL at room temperature avoiding light 
for 5 minutes. The blood was centrifuged at 
1300 rpm for 5 minutes at 4°C. The superna-

tant was discarded, and 2 mL PBS was used to 
wash the precipitate until no red could be seen. 
Then, the tube was centrifuged at 1300 rpm for 
5 minutes at 4°C. The supernatant was dis-
carded, and PBS 400 μL was added to resus-
pend the pellet, after which the sample was 
detected within 1 hour. 

Intestinal mucosal tissue was placed in a soft 
tube and pre-cooled PBS was added. The tis-
sue was repeatedly sucked and blown using a 1 
mL syringe equipped with a G12 needle. The 
tissue suspension was filtered through a 100 
mesh filter, and the filtrate was collected and 
filtered through a 200 mesh filter to prepare a 
single cell suspension. The suspension was 
centrifuged at 2000 rpm for 10 minutes at 4°C. 
The supernatant was discarded, and the pre-
cipitate was mixed with pre-cooled PBS. The 
cell density was adjusted at 1×106/mL after 
counting. The antibody was diluted according to 
the instruction, and each tube was added with 
CD4-FITC, CD3-APC, and CD8-PE antibody (1T 
each). After mixing, the single cell suspension 
was added into the loading tube for flow cytom-
etry. The cells were completely mixed, and 
placed at 4°C for 30 minutes. Then, the tube 
was centrifuged at 800 rpm for 5 minutes at 
4°C. The supernatant was discarded, and the 

Table 1. CMDI scoring standard
Macroscopic expression Score
Adhesion
    No 0
    Light (easily peeling between colon and other tissues 1
    Severe 2
Ulcer formation and inflammation condition 
    No 0
    Local hemorrhage, no ulceration 1
    One ulcer without hemorrhage or bowel wall thickening 2
    Two ulcers with inflammation 3
    More than two ulcers with inflammation 4
    More than two ulcers and/or inflammation >1 cm 5
    Ulcers and/or inflammation >2 cm, 1 point increase for 1 cm increase in lesion range 6-8

Table 2. Histopathologic (HS) score standard
Item 0 1 2 3
Epithelial damage and ulcer formation No Erosion Dot ulcer Flake ulcer

Ulcer depth No Submucosa Muscular layer Serosal layer

Inflammatory cell infiltration No Infiltration cell counting <10% 
in each high-magnification view

Infiltration cell counting 10~25% 
in each high-magnification view

Infiltration cell counting 25~35% 
in each high-magnification view

Infiltration depth No Submucosa Muscular layer Serosal layer
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pre-cooled PBS 400 μL was added into the 
tube, which was detected within 1 hour.  

MAdCAM-1 expression in colon tissue detect-
ed by reverse transcription PCR

Total RNA was extracted from colon tissues 
with a Trizol total RNA extraction kit (Invitrogen, 
USA). Reverse transcription was performed 
with the reverse transcription kit (Transgene, 
China). Amplification used the amplification kit 
(Transgene, China). GAPDH was used as the 
internal control. The primer sequences were as 
following: MAdCAM-1 forward 5’-GAAATCCAC- 
CAGAACCCAGA-3’ and reverse 5’-AGTAGGCAA- 
GGAAGGCGA-3’; GAPDH forward 5’-GGTGCT- 
GAGTATGTCATGGA-3’ and reverse 5’-CTTCT- 
GAGGCAGTGATGG-3’ were synthesized by San- 
gon Biotech (Shanghai) Co., Ltd. The reaction 
conditions were the following: 94°C for 3 min-

utes, 94°C for 30 seconds, 55°C for 30 sec-
onds, 72°C for 1 minute, 72°C for 5 minutes. A 
total of 35 cycles were used for each PCR 
amplification run. Goldview II nucleic acid stain-
ing agent (Beijing Solarbio Science & Technology 
Co., Ltd.) was used to visualize the amplified 
DNA on an agarose gel using an imager. The 
obtained image was firstly analyzed by Image J, 
and the gray values of each sample and inter-
nal reference bands were calculated, based on 
which the ratio was calculated (relative expres-
sion of target mRNA=grey value of sample 
band/gray value of GAPDH band).

αLβ2 and ICAM-1 expression in colon tissue 
detected by immunohistochemical staining

The fresh intestinal mucosal tissues were 
peeled as soon as possible after death, fixed in 
paraformaldehyde, followed by paraffin embed-

Figure 1. Damage to the colon of rats in the different groups. A: Representative images of the micrographs for the 
normal control group, the model group, the combination dose groups (B+R40, B+R60, B+R80), and the positive 
control group (Y). B: CMDI scores for each group. C: HS scores for each group. **P<0.01 vs. normal control group. 
##P<0.01, #P<0.05 vs. model group.
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ding and sectioning, and sliced to a thickness 
of 3-5 μm. An immunohistochemical test kit 
(ZSGB-Bio, China, Lot No.: SP-9000, Batch No.: 
WK160327) was used to detect protein expres-
sion with rabbit anti-rat CD18 primary antibody 
(BEIJING BIOSYNTHESIS BIOTECHNOLOGY CO., 
LTD., Lot No.: bs-0503R, Batch No.: AB080- 
11569) and rabbit anti-rat CD54 primary anti-
body (BEIJING BIOSYNTHESIS BIOTECHNOLOGY 
CO., LTD., Lot No.: bs-0608R, Batch No.: 
AE090704). With the concentrated DAB kit 
(ZSGB-Bio, China, Lot No.: ZLI-9017) to stain 
nuclei. Primary antibody working solution was 
added in the experimental group, and PBS was 
added into the control group. Then, they were 
placed in a humid box overnight at 4°C. They 
were washed with PBS for 5 minutes 3 times, 
then reagent B (biotinylated secondary anti-
body working solution) was added, incubated 
for 20 minutes at 37°C, and washed with PBS 
for 5 minutes 3 times. Then, horseradish per-

were used. Least significant difference (LSD) 
test was used for pairwise comparison of 
groups, if equal variance. If not, the compari-
son was analyzed by Tamhane’s T2 test. P<0.05 
was termed as statistical significance. 

Results

Comparison of CMDI and HS scores among 
groups

Damage to the colon was measured with CMDI 
and HS. Compared with normal control group, 
the CMDI and HS scores in the model group 
were significantly increased (P<0.01) suggest-
ing that the model had been successful. 
Compared with the model group, after drug 
intervention, CMDI scores were significantly 
decreased to different degrees (P<0.05). HS 
scores were also significantly decreased (P< 
0.01). Comparison among the three groups 

Figure 2. T-lymphocytes in the peripheral blood and intestinal mucosa. A: 
Graph representing the different lymphocyte levels in the peripheral blood 
of the normal control group, the model group, the combination dose groups 
(B+R40, B+R60, B+R80), and the positive control group (Y). B: Graph rep-
resenting the different lymphocyte levels in the intestinal mucosa in each 
of the groups. **P<0.01, *P<0.05 vs. normal control group. ##P<0.01, 
#P<0.05 vs. model group.

oxidase labeled streptomycin 
working solution was added, 
incubated at 37°C for 20 min-
utes, and washed with PBS for 
5 minutes 3 times. The tiss- 
ue slides were processed for 
dehydration, permeabilization 
and mounting, prior to obser-
vation under an optical mi- 
croscope. 

A double blind method was 
used to observe the slices. 
The regions with uniform 
staining were chosen. Three 
visual fields were randomly 
selected in each slice, and 5 
slices were observed in each 
group. Image-Pro Plus 6.0 was 
used to calculate the integrat-
ed optical density (IOD) of pos-
itive cells in each visual field. 
The average value was used 
as expression level of each 
slice. 

Statistical analysis 

SPSS 19.0 (IBN Corp., USA) 
was used to analyze the data. 
Measurement data are ex- 
pressed as mean ± SD. One-
way analysis of variance and 
independent-samples T test 
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Figure 3. MAdCAM-1 mRNA levels in the intestinal mucosa. A: Graph repre-
senting the quantified MAdCAM-1 mRNA levels in the intestinal mucosa of 
the normal control group, the model group, the combination dose groups 
(B+R40, B+R60, B+R80), and the positive control group (Y). B: Agarose gel 
image showing the DNA bands after RT-PCR of the MAdCAM-1 mRNA from in-
testinal mucosa of the different groups. C: Agarose gel image of the GAPDH 
loading control. **P<0.01 vs. normal control group.

that received different doses of rhubarb poly-
saccharide indicated that there was no signifi-
cant dose-effect relationship, but CMDI and HS 
scores in the B+R40 group showed the most 
decrease (Figure 1). These results show that 
combination treatment decreased damage to 
the colon.

Comparison of T lymphocytes among groups 

Compared with the normal control group, the 
model group peripheral blood CD3+ proportion 
was significantly decreased (P<0.01), and 
CD4+ and CD4+/CD8+ ratio were significantly 
increased (P<0.05, P<0.01). CD8+ T lympho-
cyte proportion significantly was decreased 
(P<0.05) (Figure 2A). The CD4+ level and 
CD4+/CD8+ ratio of the intestinal mucosa were 
also significantly decreased (P<0.01) (Figure 
2B). Compared with the model group, after 
drug intervention, CD8+ levels in the peripheral 
blood of the 3 combination dose groups were 
significantly increased (P<0.05, P<0.01), espe-
cially in the B+R40 dose group. CD4+ showed a 
slight decrease, and CD4+/CD8+ ratio was sig-
nificantly decreased (P<0.01), which was simi-
lar to the Y group who had received the estab-
lished salazosulfapyridine UC treatment re- 
gimen (P>0.05) (Figure 2A). Compared with the 

T lymphocyte subset level of 
the intestinal mucosa in the 
model group, CD4+ levels 
(P<0.01, P<0.05) and CD4+/
CD8+ ratio (P<0.01, P>0.05) 
in the B+R40 and Y groups 
were significantly increased. 
The CD4+/CD8+ ratio in the 
B+R80 and B+R60 dose gr- 
oups increased, but the differ-
ence with the control group 
remained significant (P<0.05) 
(Figure 2B). These results 
suggest that lymphocytes that 
are recruited to inflammation 
in the model group were de- 
creased when the animals re- 
ceived the combination treat-
ment, and the treatment with 
low dose rhubarb polysaccha-
ride was the most effective.

Comparison of MAdCAM-1 
expression among groups

The results of RT-PCR indicated that compared 
with the normal control group, MAdCAM-1 
mRNA levels in the model group significantly 
increased (P<0.01). This showed that as 
expected the rat model increased MAdCAM-1 
mRNA levels, indicating that the model group 
was expressing the ligand for lymphocyte hom-
ing in their tissue. After drug intervention, 
MAdCAM-1 expression levels in the 3 combina-
tion dose groups decreased compared to the 
model group, and those of B+R60 and B+R40 
were close to the levels of the normal control 
group (P>0.05). Comparison among the 3 rhu-
barb polysaccharide dose groups indicated 
that B+R60 and B+R40 were superior to the 
B+R80 group. The 3 groups also had signifi-
cantly down-regulated MAdCAM-1 expression 
compared with Y group (Figure 3A) showing 
that the combination dose has a greater influ-
ence on the mRNA levels than standard treat-
ment. The gel electrophoretograms of MAd- 
CAM-1 and internal reference are illustrated in 
Figure 3B, 3C. These results show that the 
combination treatment decreases expression 
of MAdCAM-1 mRNA and so these tissues are 
likely to have lower expression of the ligand for 
recruiting lymphocytes and in this aspect the 
combination treatment might be better than 
standard treatment.
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Comparison of αLβ2 and ICAM-1 expression 
among groups

Epression of αLβ2 is mainly distributed in the 
epithelial basement membrane of UC colon tis-
sues or collagen of connective tissues [28]. 
Positive staining was mainly located in the cell 
membrane, and DAB staining showed pale 
brown granules. αLβ2 was expressed in the 
colon intestinal mucosa at low levels, but stain-
ing in the model group showed a strong positive 
signal (Figure 4A). ICAM-1 is mainly expressed 
in vascular endothelial cells, leukocytes and 
the top of epithelial membrane. Positive stain-
ing was mainly in the cell plasma and/or cell 

membrane. DAB staining showed as pale 
brown, and ICAM-1 expression level was low in 
the colon tissues of the normal control group or 
not expressed at all. The staining of colon tis-
sue in the model rats was strong (Figure 4C). 
After drug therapy, the staining degrees of αLβ2 
and ICAM-1 were alleviated to different degrees. 

Compared with the normal control group, αLβ2 
and ICAM-1 positive expression in the colon tis-
sues was significantly higher in the model group 
(P<0.01). Compared with model group, the 
ICAM-1 positive expression in the 3 combina-
tion dose groups was significantly decreased 
(P<0.05) (Figure 4D). Positive αLβ2 expression 

Figure 4. Immunohistochemical staining of αLβ2 and ICAM-1 in the different groups. A: Representative images of 
the micrographs probed with αLβ2 antibodies for the normal control group, the model group, the combination dose 
groups (B+R40, B+R60, B+R80), and the positive control group (Y). B: Quantified expression levels of αLβ2 for each 
group. C: Representative images of the micrographs probed with ICAM-1 antibodies for the normal control group, the 
model group, the combination dose groups (B+R40, B+R60, B+R80), and the positive control group (Y). D: Quanti-
fied expression levels of ICAM-1 for each group. **P<0.01 vs. normal control group. ##P<0.01, #P<0.05 vs. model 
group. &&P<0.01 vs. B+R60. ††P<0.01 vs. B+R60.



Rhubarb polysaccharide and semen crotonis pulveratum on intestinal lymphocyte homing

13316	 Int J Clin Exp Med 2018;11(12):13308-13318

in B+R80 and B+R40 groups was significantly 
decreased (P<0.01) and was close to the nor-
mal control group. However, the B+R60 group 
was not significantly different to the model 
group (P>0.05) (Figure 4B). Comparison among 
the 3 combination dose groups indicated that 
the ICAM-1 expression was not significantly dif-
ferent between them (Figure 4D). For the down-
regulation of αLβ2 positive cell expression, 
B+R80 and B+R40 groups were superior to that 
of the B+R60 group (P<0.01) (Figure 4B). 
Compared with positive control drug group (Y 
group), there was no significant difference in 
ICAM-1 expression for any of the 3 combination 
dose groups (P>0.05) (Figure 4D). For αLβ2 
expression, the down-regulation effect of 
B+R80 and B+R40 groups was superior to the 
Y group (P<0.01) (Figure 4B). 

Discussion 

Currently, the pharmacology of semen crotonis 
pulveratum and Rheum officinale in combina-
tion has not been reported, but previous study 
suggests that this combination might have a 
beneficial effect for treating UC. To investigate 
this, we designed a study using a rat model of 
inflammatory intestinal disease. T lymphocyte 
subsets in peripheral blood and intestinal 
mucosa were observed, as well as MAdCAM-1 
mRNA, αLβ2, ICAM-1 expression patterns and 
the structural damage to the intestinal mucosa 
tissues. The results show that model rats 
receiving combination therapy with rhubarb 
polysaccharide and semen crotonis pulveratum 
had less damage to the intestinal mucosa, and 
this was accompanied by decreased lympho-
cyte recruitment to from the blood to the muco-
sa, which reflected the decreased integrin and 
ligand expression. These results suggest that 
the combination treatment might relieve the 
symptoms of UC by regulating lymphocyte 
homing.

Compared with the normal control group, the 
CMDI and HS scores in the TNBS model groups 
were significantly increased, so the model was 
apparently successfully established. However, 
the general condition and colon general scores 
of all four drug administration groups were sig-
nificantly decreased. The combination of 
semen crotonis pulveratum and rhubarb poly-
saccharide effectively improved the symptoms 
of UC rats and injury of the colon intestinal 
mucosa. Furthermore, each of the 3 doses had 

similar effectiveness compared with the posi-
tive control group treated with standard UC 
treatment (SASP).

In this study, we used the T lymphocyte subset 
amount changes in peripheral blood and intes-
tinal mucosa as quantitative indices to evalu-
ate intestinal mucosa injury degree, lympho-
cyte homing status, and intervention efficacy. 
The results showed that CD4+ and CD4+/CD8+ 
ratio in peripheral blood were increased and 
CD8+ was decreased, suggesting T lymphocyte 
system was in an active state. A high degree of 
lymphocyte homing, release of inflammatory 
factors and inflammatory media made the 
model rats produce a strong inflammatory 
response. Decreased CD4+ level and CD4+/
CD8+ ratio in the intestinal mucosa and 
increased CD8+ suggested that the colon 
mucosa was severely injured, as cytotoxic T 
lymphocytes were significantly increased [29]. 
In this study the combination of rhubarb poly-
saccharide and semen crotonis pulveratum 
effectively improved CD8+ levels in the periph-
eral blood of UC rats, decreased CD4+ level 
and CD4+T/CD8+ ratio. It further increased the 
mucosal CD4+ level and CD4+/CD8+ ratio and 
activated the T cell immune response to 
improve immune function, protect, and inter-
vene mucosal barrier injury, playing a similar 
role to SASP. The combination of rhubarb poly-
saccharide with low dose and semen crotonis 
pulveratum had the most effect on improving 
the inflammatory response. 

MAdCAM-1 is the ligand of integrin α4β7. The 
specific binding of MAdCAM-1 with α4β7 is very 
important for intestinal lymphocyte homing. As 
expression of this ligand is considered impor-
tant for UC, irritable bowel disease, and Crohn’s 
disease [30], previous studies have considered 
methods of reducing MAdCAM-1 expression as 
therapy for these conditions. For example anti-
sense therapy [31] and immunotherapy [32] 
have shown promise. The results of this study 
showed that MAdCAM-1 mRNA was increased 
in the rats of model group compared to normal 
controls. Showing that the injury degree of 
colon tissues had a positive correlation with 
MAdCAM-1 expression. After therapy of rhu-
barb polysaccharide and semen crotonis pul-
veratum, expression of MAdCAM-1 mRNA in the 
colon mucosal tissues decreased, suggesting 
that expression of MAdCAM-1 on the surface of 
endothelial cells of colon mucosal tissues was 
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downregulated. This would be expected to 
decrease T-lymphocytes entering into intestinal 
inflammatory sites, and reduce the UC inflam-
matory response. 

During the occurrence and development of UC, 
infiltration of many inflammatory cells, incr- 
eased release of inflammatory factors, and 
inflammatory media stimulates over-expression 
of ICAM-1 in the endothelial cells of the intesti-
nal mucosa [33]. Simultaneously, it causes 
activation of LFA-1 (αLβ2), and further binds 
with LFA-1 and ICAM-1, making lymphocytes 
adhere to endothelial cells, and attracting more 
lymphocytes aggregation into inflammatory 
sites. These lymphocytes continuously release 
lots of inflammatory medium resulting in dam-
age to intestinal mucosal tissue [34]. Therefore, 
ICAM-1 and LFA-1 play critical roles in immune 
cell adhesion, directed migration and tissue 
damage during UC. The results of this study 
indicate that expression of LFA-1 and ICAM-1 in 
the model group was increased, which might be 
one of the reasons for abnormal homing of 
inflammatory cells into inflammatory tissues 
and promotion of the UC inflammatory response 
amplification and migration. Rhubarb polysac-
charide and semen crotonis pulveratum down-
regulated LFA-1 and ICAM-1 expression in the 
colon tissues, showing that combination treat-
ment could block cell adhesion and activation 
and reduce lymphocyte over-homing in intesti-
nal mucosal tissues. 

This study shows that the combination method 
might be promising for treatment of UC. 
However, there are still some limitations. There 
were no results showing whole MAdCAM-1, 
αLβ2, and ICAM-1 mRNA and protein. Whether 
the cytokines generation is increased or wheth-
er the pro-inflammatory factors are expressed 
was not detected. Additionally, there is no clear 
dose-effect relationship between rhubarb poly-
saccharide and semen crotonis pulveratum, 
which needs further exploration.

In conclusion, combination use of rhubarb poly-
saccharide and semen crotonis pulveratum 
improved immune function of mucosa. The 
degree of injured intestinal mucosa was de- 
creased by promoting regulation of lymphocyte 
homing. This suggests that the combination of 
rhubarb polysaccharide and semen crotonis 
pulveratum might be an effective treatment for 
UC after further study.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Fang Tang, De- 
partment of Traditional Chinese Medicine, General 
Hospital of Tianjin Medical University, 154 Anshan 
Road, Heping District, Tianjin 300052, China.  
Tel: +86-13821185980; Fax: +86-13821185980; 
E-mail: zhongyi3599@126.com

References 

[1]	 da Silva BC, Lyra AC, Rocha R and Santana GO. 
Epidemiology, demographic characteristics 
and prognostic predictors of ulcerative colitis. 
World J Gastroenterol 2014; 20: 9458-9467.

[2]	 Ordas I, Eckmann L, Talamini M, Baumgart DC 
and Sandborn WJ. Ulcerative colitis. Lancet 
2012; 380: 1606-1619.

[3]	 Kobayashi M, Hoshino H, Suzawa K, Sakai Y, 
Nakayama J and Fukuda M. Two distinct lym-
phocyte homing systems involved in the patho-
genesis of chronic inflammatory gastrointesti-
nal diseases. Semin Immunopathol 2012; 34: 
401-413.

[4]	 Gorfu G, Rivera-Nieves J and Ley K. Role of 
beta7 integrins in intestinal lymphocyte hom-
ing and retention. Curr Mol Med 2009; 9: 836-
850.

[5]	 Zhang S, Liu S, Yu N and Xiang L. RNA released 
from necrotic keratinocytes upregulates inter-
cellular adhesion molecule-1 expression in 
melanocytes. Arch Dermatol Res 2011; 303: 
771-776.

[6]	 Latli B, Byrne D and Nummy L. Synthesis of po-
tent lymphocyte function-associated antigen-1 
inhibitors labeled with carbon-14 and deuteri-
um, part 1. J Labelled Comp Radiopharm 
2011; 54: 763-768.

[7]	 Hyun YM, Lefort CT and Kim M. Leukocyte inte-
grins and their ligand interactions. Immunol 
Res 2009; 45: 195.

[8]	 Thomas S and Baumgart DC. Targeting leuko-
cyte migration and adhesion in Crohn’s dis-
ease and ulcerative colitis. Inflammopharma-
cology 2012; 20: 1-18.

[9]	 Wan P, Chen H, Guo Y and Bai AP. Advances in 
treatment of ulcerative colitis with herbs: from 
bench to bedside. World J Gastroenterol 2014; 
20: 14099-14104.

[10]	 Ke F, Yadav PK and Ju LZ. Herbal medicine in 
the treatment of ulcerative colitis. Saudi J Gas-
troenterol 2012; 18: 3-10.

[11]	 Wang X and Ren Y. Rheum tanguticum, an en-
dangered medicinal plant endemic to China. J 
Medicinal Plants Res 2009; 3: 1195-1203.

mailto:zhongyi3599@126.com


Rhubarb polysaccharide and semen crotonis pulveratum on intestinal lymphocyte homing

13318	 Int J Clin Exp Med 2018;11(12):13308-13318

[12]	 Qin Y, Wang JB, Kong WJ, Zhao YL, Yang HY, Dai 
CM, Fang F, Zhang L, Li BC, Jin C and Xiao XH. 
The diarrhoeogenic and antidiarrhoeal bidirec-
tional effects of rhubarb and its potential 
mechanism. J Ethnopharmacol 2011; 133: 
1096-1102.

[13]	 Xie Y, Li G and Ma Y. Research progress in rhu-
barb polysaccharides. Chinese Journal of New 
Drugs 2010; 755-758.

[14]	 Chen D, Jing B and Zhang X. Protective effect 
of rhubarb on gut barrier: an experi-mental 
study. Chinese Critical Care Medicine 1994; 
329-331.

[15]	 Bajic JE, Eden GL, Lampton LS, Cheah KY, 
Lymn KA, Pei JV, Yool AJ and Howarth GS. Rhu-
barb extract partially improves mucosal integ-
rity in chemotherapy-induced intestinal mu- 
cositis. World J Gastroenterol 2016; 22: 8322-
8333.

[16]	 Liu LN, Shi L, Li SC, Zhang WJ, Zhang Y and 
Zhang ZP. Protective role of rheum tanguticum 
polysaccharide 1 in radiation- induced intesti-
nal mucosal injury. Iran J Pharm Res 2015; 14: 
833-841.

[17]	 Wang X, Wang H and Li D. Study on the phar-
macological actions of gradated dose of defat-
ted croton seed powder. Tianjin Journal of Tra-
ditional Chinese Medicine 2009; 72-74.

[18]	 Wang X, Zhao J, Han Z and Tang F. Protective 
effects of semen crotonis pulveratum on trini-
trobenzene sulphonic acid-induced colitis in 
rats and H(2)O(2)-induced intestinal cell apop-
tosis in vitro. Int J Mol Med 2015; 35: 1699-
1707.

[19]	 Wang X and Tang F. Mechanism of semen cro-
tonis pulveratum and compatibility improving 
intestinal absorption. Lishizhen Medicine and 
Materia Medica Research 2012; 215-216.

[20]	 Scheiffele F and Fuss I. Induction of TNBS coli-
tis in mice. Curr Protoc Immunol 2002.

[21]	 Nyuyki KD and Pittman QJ. Toward a better un-
derstanding of the central consequences of 
intestinal inflammation. Ann N Y Acad Sci 
2015; 1351: 149-154.

[22]	 Hou L, Tang F, Wang X and Sun X. Establish-
ment of a rat model of ulcerative colitis and 
analysis of factors influencing the develop-
ment of this model. World Chinese Journal of 
Digestology 2011; 3242-3245.

[23]	 Cao X. Protective effect and mechanism of rhu-
barb polysaccharides on rat stress ulcer. The 
Fourth Military Medical University 2005.

[24]	 Guo Z. Mechanism of rhubarb polysaccharides 
treating ulcerative colitis. The Fourth Military 
Medical University 2013.

[25]	 Wang X and Tang F. Mechanism of semen cro-
tonis pulveratum and compatibility improving 
intestinal absorption. Lishizhen Medicine and 
Materia Medica Research 2012; 215-216.

[26]	 Du L, Liu Q and Cheng X. Qingdai granules up-
regulate MUC2 mRNA expression but down-
regulate iNOS mRNA expression in the colonic 
mucosa of rats with ulcerative colitis. World 
Chinese Journal of Digestology 2010; 937-
941.

[27]	 Tsune I, Ikejima K, Hirose M, Yoshikawa M, 
Enomoto N, Takei Y and Sato N. Dietary glycine 
prevents chemical-induced experimental coli-
tis in the rat. Gastroenterology 2003; 125: 
775-785.

[28]	 Vainer B, Nielsen OH and Horn T. Comparative 
studies of the colonic in situ expression of in-
tercellular adhesion molecules (ICAM-1, -2, 
and -3), beta2 integrins (LFA-1, Mac-1, and 
p150,95), and PECAM-1 in ulcerative colitis 
and Crohn’s disease. Am J Surg Pathol 2000; 
24: 1115-1124.

[29]	 Tomasello G, Sinagra E, Raimondo D, Palumbo 
VD, Puleio R, Cottone M, Damiani P, Traina G, 
Abruzzo A, Damiani F, Buscemi S, Noto M and 
Lo Monte AI. Validation of a modified model of 
TNBS-induced colitis in rats. How to induce a 
chemical colitis in rats. Acta Biomed 2015; 86: 
92-96.

[30]	 Arihiro S, Ohtani H, Suzuki M, Murata M, Ejima 
C, Oki M, Kinouchi Y, Fukushima K, Sasaki I, 
Nakamura S, Matsumoto T, Torii A, Toda G and 
Nagura H. Differential expression of mucosal 
addressin cell adhesion molecule-1 (MAd-
CAM-1) in ulcerative colitis and Crohn’s dis-
ease. Pathol Int 2002; 52: 367-374.

[31]	 Goto A, Arimura Y, Shinomura Y, Imai K and Hi-
noda Y. Antisense therapy of MAdCAM-1 for 
trinitrobenzenesulfonic acid-induced murine 
colitis. Inflamm Bowel Dis 2006; 12: 758-765.

[32]	 Vermeire S, Sandborn WJ, Danese S, He-
buterne X, Salzberg BA, Klopocka M, Tarabar 
D, Vanasek T, Gregus M, Hellstern PA, Kim JS, 
Sparrow MP, Gorelick KJ, Hinz M, Ahmad A, 
Pradhan V, Hassan-Zahraee M, Clare R, Catal-
di F and Reinisch W. Anti-MAdCAM antibody 
(PF-00547659) for ulcerative colitis (TURAN-
DOT): a phase 2, randomised, double-blind, 
placebo-controlled trial. Lancet 2017; 390: 
135-144.

[33]	 Vainer B. Intercellular adhesion molecule-1 
(ICAM-1) in ulcerative colitis: presence, visual-
ization, and significance. Inflamm Res 2005; 
54: 313-327.

[34]	 Koboziev I, Karlsson F, Ostanin DV, Gray L, Da-
vidson M, Zhang S and Grisham MB. Role of 
LFA-1 in the activation and trafficking of T cells: 
implications in the induction of chronic colitis. 
Inflamm Bowel Dis 2012; 18: 2360-2370.


