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Abstract. Ulcerative colitis (UC) involves the dysregulation
of intestinal mucosal immunity and imbalance between the
reactive oxygen species (ROS) and the endogenous anti-oxi-
dants. While the protective effects of Angelica sinensis (AS)
polysaccharides on neutrophil-dependent gastric mucosal
damage have been reported, similar protective effects on UC
are still uncertain. Hence our study aimed to investigate the
effects of AS polysaccharides on rats with acute UC induced
by 2,4-dinitrobenzene sulphonic acid (DNBS) evaluated af-
ter 24 h. Intrarectal injection of DNBS significantly reduced
the glutathione (GSH) content, increased malondialdehyde
concentration and raised the amount of apoptotic cells in
colon tissues, which were related to oxidative stress and at-
tenuated by AS polysaccharides pretreatment (5 mg/ml and
10mg/ml). These findings suggest that oxidative stress and
GSH depletion are highly associated with the pathological
mechanism of UC, and the protective effects of AS polysac-
charides are closely related to the prevention of oxidative
stress, which may occur during neutrophil infiltration in the
pathological process of UC.
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1. Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are known
as inflammatory bowel disease (IBD) in which the patho-
genic mechanisms are still ill defined. While IBD is more
commonly found in western countries (Kirsner and Shorter,
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1982), itis noted that there is an increasing trend of incidence
in Asia (Yang et al., 2001). Despite the unknown mechanism
of IBD, it is postulated that dysregulated and exaggerated
local immune responses to commensal microbes in the gut,
particularly in genetically susceptible individuals, are the
key events in the pathogenesis of IBD (MacDermott, 1994).
Indeed, the complex interaction between genetic factors
and infectious agents can lead to dysregulation of intestinal
mucosal immunity, resulting in activation of macrophages,
enhanced endothelial cell adhesion molecules (ECAM) ex-
pression and infiltration of neutrophils (Galperin and Gersh-
win, 1997; Plevy et al., 1996; Thompson, 1994; Laroux and
Grisham, 2001). The net result is the imbalance between pro-
oxidant and anti-oxidant, which is exemplified by deteriora-
tion of anti-oxidative glutathione metabolism resulting in the
production of harmful free radicals such as malondialdehyde
(MDA) and 4-hydroxynoneal. Therefore, anti-inflammatory
and immunosuppressing agents are the choices of drugs for
IBD.

Angelica sinensis (AS), also known as Dong Guai, be-
longs to the species of Apiaceae. It is distributed worldwide,
especially in Mainland China, Korea and Japan. Only the
root of AS is used as a therapeutic agent renowned for toni-
fying role in the treatment of menstrual and puerperal disor-
ders, and sterility in women for about two thousand years in
China (Mckenna et al., 2002). Many chemical components
of AS are found including carbohydrates, lipid compounds,
organic acids, phenolic compounds and other constituents.
One of the most active ingredients is polysaccharides. AS
polysaccharides exert anti-inflammatory and protective ac-
tion on the gastrointestinal mucosa through inhibition of
neutrophil infiltration in the stomach (Cho et al., 2000). Be-
sides, the direct healing effect of AS polysaccharides on gas-
tric epithelial cells was found. Such healing action is directly
associated with ornithine decarboxylase (ODC) activity and



Vol. 16, 2008

c-myc protein expression. Further study demonstrated that
this healing effect is partially due to epidermal growth factor
(EGF)-mediated pathway (Ye et al., 2001a, b). However, ap-
plication of AS polysaccharides in other form of inflamma-
tory disorders has not been studied. Therefore, it is hypoth-
esized that polysaccharides from AS also provide similar
protective effects on rats with UC.

In the current study, we investigated whether AS polysac-
charides could protect against UC if any through the reduc-
tion of oxidative stress as well as intestinal epithelial cell
turnover in colitis animals.

2. Materials and methods

2.1. Extraction of AS polysaccharides

Roots of AS (Oliv.) Diels were bought from Minxian County, Gansu
Province, China. The powder of AS polysaccharides was produced
by water extraction and ethanol precipitation described by Cho et al.
(2000). In brief, roots of AS were boiled in water for 4h for 3 times.
During the end of each four-hour boiling, the water extract was collect-
ed and the residue was reboiled in water for another four-hour period.
Then all extracts were pooled and mixed with ethanol (final concentra-
tion 75 % vol/vol) to precipitate the polysaccharide-enriched fraction.
The AS polysaccharides solutions were made by reconstitution of the
AS polysaccharides powder with water. This fraction consisted of 97 %
carbohydrates (about 3 % of them uronic acids) and 3 % proteins. These
polysaccharides are probably of pectic nature (Cho et al., 2000). Two
preparations, 5mg/ml and 10mg/ml in drinking water, were employed
in this study.

2.2. Animals and experimental designs

Study of the effects of AS polysaccharides on UC was performed in
five groups of male Sprague-Dawley rats (180-250g). All animal pro-
tocols employed were in compliance with the Principles of Laboratory
Animal Care and were approved by the Committee on the Use of Live
Animals in Teaching and Research at the University of Hong Kong. Our
pilot study showed that 5-day treatment with the current doses of AS
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polysaccharides before DNBS administration produced better responses
on inflammation in respect to lesion area and myeloperoxidase activity
in colon tissues. Therefore, this regimen of drug treatment was adopted
in the present study. Animals were randomly assigned into four groups
(9-10 rats in each group), which were subjected to 5-day treatment with
AS polysaccharides and then given with 2,4-dinitrobenzene sulphonic
acid (DNBS) (Fig. 1). Rats were sacrificed on the next day after DNBS
administration by cervical dislocation and the distal colon tissues were
taken out for biochemical and histological assessments.

2.3. Induction of ulcerative colitis

In the present study, DNBS was selected rather than 2,4,6-trinitroben-
zene sulfonic acid as it produces colitis resembling UC and it also mim-
ics UC conditions in humans (Hawkins et al., 1997). Animals were first-
ly anaesthetized with a mixture of ketamine and xylazine (2 ml/kg, i.p.).
After that, colitis was induced by intracolonic administration of 0.25ml
of 50 % ethanol (vol/vol) containing 30mg of DNBS via a rubber can-
nula. The tip of the catheter was inserted in such a way that it was set at
8cm proximal to the anus. After perfusing the DNBS solution, the can-
nula was kept inside the bodies of rats for thirty seconds to ensure that no
leakage of the solution would occur. Finally, the cannula was removed
and the rats were returned to cages. Same intracolonic treatment was ap-
plied to those rats in the normal control group except that distilled water
was employed instead of DNBS solution.

2.4. Body weight measurement

Animals were weighed between 3:00 and 4:00 p. m. daily before DNBS
treatment for 5 days. The change in body weight after DNBS-induction
was calculated by subtracting the body weight just before DNBS admin-
istration from the body weight 24 h after colitis induction and expressed
as percentage of change.

2.5. Measurement of colonic lesion area, microscopic lesion

score and colon weight

The assessment of damage on the excised colon was determined by
measuring the areas of colonic lesions and was expressed in mm”. Con-
cerning microscopic lesion score, the embedded and sectioned samples
were mounted onto slides stained with haematoxylin and eosin, then the
histological assessment was performed under light microscopy on coded
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Fig. 1. Experimental design for

DNBS-induction period Angelica sinensis (AS) treatment

A, Normal control group: Tap water (63.5 ml tap water for 5 days)

and ulcerative colitis induction
by 2,4-dinitrobenzenesulphonic
acid (DNBS).
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slides using the scoring system suggested by Wallace and Keenan (1990)
(Table 1).

2.6. Determination of intestinal glutathione (GSH) level

Colorimetric measurement was used to determine the content of GSH in
the intestinal tissue. Briefly, the tissue was suspended in ice-cold phos-
phate buffer (pH 8.0) and homogenized with a homogenizer (Ultra-Tur-
rax, T25, IKA, USA) for 30s on ice. The extract was then centrifuged at
12,000 rpm for 30min at 4 °C. Subsequently, supernatant was added to
4% (vol/vol) 5-sulphosalicyclic acid for protein precipitation. Then the
mixture was centrifuged at 3,000 g at 4 °C. Following this, deproteinized
supernatant was added to 0.2 M phosphate buffer (pH 8.0), and 0.01 M
5,5’-dithiobis(2-nitrobenzoic acid) was further added. The solution was
allowed to stand at room temperature to develop yellow colour. Then
the optical density was measured at 412nm by using reagent blank as
control and the calibration curve of GSH was obtained by using different
standard solutions. Lastly, together with the protein quantity measured
by the Bradford assay, intestinal GSH content was calculated from the
standard curve and normalized as umol/L per pg of protein.

2.7. Determination of Malondialdehyde (MDA) level

MDA was measured using the method reported by Ohkawa et al. (1979).
Colon tissue was homogenized with a homogenizer in ice-cold 1.15 %
KClI aqueous solution. Then, aliquot of the homogenate was mixed with
a mixture containing 0.8 % TBA, 20 % acetic acid, 8.1 % sodium dodecyl
sulphate and distilled water. The whole mixture was incubated at 95°C
for 1h and allowed to cool down in tap water. Samples were centrifuged
at 4,000rpm for 10 min. Finally, the optical density of the colour-com-
plex in the supernatant was measured at 535nm by a spectrophotometer
(DU 650, Beckman, USA). 1,1,3,3-tetrathoxypropane was used as the
standard. Meanwhile, portion of the crude extracts was also measured
for protein content by using the Bradford assay. The amount of intestinal
MDA was extrapolated from the standard curve and normalized as nmol
MDA per g of protein.

2.8. Colonic cellular apoptosis measurement

Immunohistochemical staining of the apoptotic cells in the distal colon
was performed using the methods of terminal deoxynucleotidyl trans-
ferase-mediated dUTP-biotin nick end labeling (TUNEL) as reported
by Strater et al. (1995). First, the samples were de-paraffinized and
hydrated, followed by the treatment with proteinase K buffer at 37 °C.
After that, the endogenous peroxidase activity was inactivated by us-
ing 3 % hydrogen peroxide in methanol at room temperature. Following
this, tissue sections were incubated in the TdT buffer at 37 °C. At the
same time, positive control was produced by incubating the slice with
DNase 1 (1ug/ml) in the TdT buffer. After incubation, the reactions were
quenched by adding terminating buffer (300mM NaCl, 30 mM sodium
citrate). Afterwards, tissue sections were blocked by the reaction with
2% horse serum in PBS, which were then immersed in PBS with per-
oxidase conjugated streptavidin (DKAOQO) at 37°C. The final step was
to incubate slides with DAB/H,0, solution at room temperature, coun-
terstained with Mayer’s hematoxylin, cleared in ethanol and xylene and
then mounted onto slides. The number of apoptotic cells was recorded
for 20 randomly selected complete crypts per tissue section.

2.9. Measurement of cell proliferation

Regarding the proliferative activity of colonic tissues, we employed pro-
liferating cell nuclear antigen (PCNA) immunochemistry with modifica-
tions to quantify the number of PCNA-positive cells according to the
methods described by Tarnawaski et al. (1992). Briefly, colonic samples
were incubated with 0.01 M citric acid buffer (pH 6.0) at 80°C. After
incubation, pepsin digestion of the samples was performed at 37 °C and
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Table 1. Criteria for microscopic damaging score of colonic ulceration
and inflammation.

Score  Histological features

Normal

Damage limited to surface epithelium

Focal ulceration limited to mucosal

Focal, transmural inflammation, and ulceration

Extensive transmural ulceration and inflammation bordered by
normal mucosa

Extensive transmural ulceration and inflammation involving entire
section

AW —=O

the slides were blocked by diluted serum (150ul of normal serum in
10ml of 0.05M Tris-buffered saline, pH 7.8) at room temperature in a
humidified container. Following this, slides were incubated with mono-
clonal antibody against rat PCNA (Santa Cruz Biotechnology, Santa
Cruz, CA). After washing the slices with the Tris-buffered saline (TBS),
slides were incubated with Link reagent (DAKO) at 25 °C. Afterwards,
they were washed with TBS again and then incubated with streptavidin
(DAKO). For the detection of PCNA-positive cells, further incubation of
slides with H,0,-diaminobenzidine was performed. The final step was
counterstaining the slides with Mayer’s hematoxylin, washed with tap
water, cleared by graded ethanol and then mounted. The counting of the
colonic proliferating cells was the same as the method for apoptotic cell
measurement.

2.10. Statistical methods

All data were given as mean +S.E.M. Statistical analysis was conducted
using the Student’s two-tailed unpaired ¢ test as well as Analysis of Vari-
ance (ANOVA), which was followed by the Dunnett’s test. A P value
less than 0.05 was regarded as statistically significant.

3. Results

3.1. Effects of Angelica sinensis polysaccharides on
colonic lesion area, percentage of changes in body weight,
microscopic lesion score and colon weight

The colonic lesion area in the DNBS control group (DNBS
alone) was 208.1 + 45.13mm, which was significantly
higher thay that of the group without DNBS administra-
tion (Omm , vehicle group) (Table 2). Tissue necrosis was
observed in all the rats treated with DNBS. This suggests
that DNBS treatment could exert damaging effect on colonic
tissues. Pre-treatment with AS polysaccharides 5mg/ml or
10mg/ml prior to DNBS administration produced a marked
reduction in colonic lesion areas and alleviated the macro-
scopic damaging effects generated by DNBS. The higher
dose of AS provided the greater ameliorating action on the
damage’ (Table 2). A dose-dependent protective effect was
observed in colonic lesion areas. Similar patterns were noted
in the percentage of change in body weight of rats, in which
there was a significant drop in body weight of rats in the
DNBS-induced group (6.78 + 0.01 %) when compared with
the normal control group (3.47 £ 0.03 %). The lower dose of
AS polysaccharides provided a significant attenuation of the
body weight drop induced by DNBS treatment (p < 0.05).
Regarding the microscopic lesion score, DNBS treatment
significantly increased the score (3.00 + 0.28), when com-
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Table 2. Effects of Angelica sinensis (AS) polysaccharide treatment given orally for 5 days before 2,4-dinitrobenzene sulphonic acid (DNBS) (0.25 ml
given intracolonically) administration on colonic lesion area, microscopic damaging score, colon weigh and reduction in body weight in rats. CW/BW,
colon weight per body weight indicates edema. The vehicle for AS polysaccharides was water. The data were expressed as means +S.E.M. of 9-10 rats
per group. " p < 0.05 compared with vehicle control without DNBS administration, " p < 0.05, 7' p < 0.01 compared with DNBS induced group.

Group Colonic lesion area Microscopic CW/BW Change in body weight
(mm?) lesion score (mg/g body weight) (%)
Vehicle 0 0.33+£0.17 3.27+0.34 3.47+0.03
Vehicle . « « *
+ DNBS 208.1 +45.13 3.00 £0.28 5.63 £0.49 —6.78 £0.01
AS 5mg/ml » .
18.0 £4.67" 2.00 £ 0.15" 4.21 £0.62° -3.78 £0.07"
+ DNBS
AS 10mg/ml . +
+ DNBS 7.2+1.89 2.10+0.22 5.47 +0.49 —6.02 £ 0.01

pared to the normal control group (0.33 + 0.17). The two
doses of AS polysaccharides provided a similar reduction
in microscopic damaging scores. They demonstrated a sig-
nificant reduction in the microscopic lesion score to 2.00 +
0.15 and 2.10 + 0.22 respectively, when compared with the
DNBS-treated group.

In measuring the ratio of colon weight to body weight
(CW/BW), DNBS significantly increased the CW/BW (5.63
+ 0.49mg/g body weight) when compared with the normal
control group (3.27 + 0.34 mg/g body weight). Pre-treatment
with the lower dose of AS polysaccharides significantly at-
tenuated the increase of CW/BW caused by DNBS admin-
istration.

3.2. Effects of Angelica sinensis polysaccharides on the
level of glutathione (GSH) and malondialdehyde (MDA)

Concerning the oxidative disturbances caused by DNBS, the
agent significantly increased the level of MDA when com-
pared with the basal level in the normal control group (Fig.
2). In the DNBS-treated group, the level of MDA was 322.69
+ 55.55 nmol/ pg protein, which was around 2 times that of
the normal control group (163.73 £+ 17.27 nmol/ug protein,
p < 0.05). The 2 doses of AS polysaccharides produced a
dose-dependent attenuation of the increment of MDA caused
by DNBS. Moreover, significant result was detected at the
higher dose of AS polysaccharides (175.73 + 33.72nmol
MDA/ug protein). Concerning the result of glutathione level
(GSH), both doses of AS polysaccharides alleviated the de-
crease of GSH level induced by DNBS (Fig. 3). Comparing
with the normal control group of 0.66 + 0.06 uM/mg pro-
tein, DNBS markedly decreased the GSH content to 0.45 +
0.05 uM/mg protein (p < 0.05). AS polysaccharides provided
a dose-dependent amelioration to the decrease in GSH level
caused by DNBS and significant result was obtained at the
higher dose of AS polysaccharides.

3.3. Effects of Angelica sinensis polysaccharides exposure
on the DNBS-induced apoptotic cell death, cellular
proliferation and the ratio of apoptosis/proliferation

in colonic tissues

Similar to human ulcerative colitis, DNBS induced group
raised the apoptotic cell counts when compared with the nor-
mal control group. AS polysaccharides provided a marked
suppression on the increment of apoptotic cell counts caused
by DNBS in a dose-dependent manner, and the higher dose
of AS polysaccharides illustrated a significant effect in the re-
duction of apoptotic cell counts (Table 3). In cell proliferation,
DNBS did not show significant effect on the proliferation of
colonic cells; neither did both doses of AS polysaccharides.
However, there was a trend for both doses of AS polysaccha-
rides to increase the number of colonic proliferating cells.

Table 3. Effects of Angelica sinensis (AS) polysaccharide administered
orally 5 days before 2,4-dinitrobenzene sulphonic acid (DNBS) (0.25ml
given intracolonically) administration on colonic apoptotic cell death,
colonic proliferating cells and ratio of cellular apoptosis/proliferation
in colonic mucosa. The vehicle for AS polysaccharides was water. The
data were expressed as means +S.E.M. of 9-10 rats per group. * p < 0.05
compared with vehicle control without DNBS administration, { p < 0.05
compared with the DNBS-treated group.

Group Number of Number of Apoptotic cells/

apoptotic cells proliferating  Proliferating cells
cells (107

Vehicle 35128 423 £45 83+6.2

Vehicle .

+ DNBS 632+64 475 =57 133+11.2

AS 5mg/ml

+ DNBS 579+33 671 35 8.6+9.4

AS 10mg/ml .

+ DNBS 45.0 + 3.97 608 + 62 74+6.3
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350.00
300.00
250.00 + ¥
200.00 +
150.00
100.00
50.00
0.00 L L
Vehicle AS 5 mg/ml
DNBS

Colonic malondialdehyde concentration
(nmol/ug protein)

AS 10 mg/ml

Fig. 2. Effects of Angelica sinensis (AS) polysaccharides on 2,4-dini-
trobenzene sulphonic acid (DNBS)-induced colonic malondialdehyde
concentration. The vehicle for AS polysaccharides was water. Results
were expressed as means =SEM of 9-10 rats. * p < 0.05 compared with
vehicle control without DNBS administration;  p < 0.05 compared with
DNBS-treated group.

080 -
0.70 +
060 +
0.50
0.40
030 +
020 +
010 +
0.00

Glutathione content of colonic tissue
(MM/pg protein)

Vehicle AS 5 mg/ml
DNBS

AS 10 mg/ml

Fig. 3. Effects of Angelica sinensis (AS) polysaccharides on 2,4-dini-
trobenzene sulphonic acid (DNBS)-induced colonic glutathione content.
The vehicle for AS polysaccharides was water. Results were expressed
as means +SEM of 9-10 rats. * p < 0.05 compared with vehicle control
without DNBS administration; T p < 0.05 compared with DNBS-treated

group.

4. Discussion

AS polysaccharides pretreatment protected against acute
mucosal damage induced by DNBS within 24h in the co-
lon. We studied further the underlying protective mechanism
in animals. It has been reported that the occurrence of IBD
is due to the imbalance between the pro-oxidant and anti-
oxidant mechanisms (Grisham et al., 1991; Grisham, 1994).
Besides, it is known that oxidative stress is highly associated
with IBD patients and animal models of experimental coli-
tis involving depletion of GSH level. The reactive oxygen
species (ROS) react with intestinal macromolecules to elicit
events like lipid peroxidation and finally cause intestinal cell
apoptosis. Recently, it has been reported that the protective
effect of polysaccharide-enriched fraction from AS on hepat-
ic injury induced by acetaminophen was likely to be associ-
ated with the attenuation of GSH depletion (Ye et al., 2001c¢).
Since GSH is a crucial determinant of tissue susceptibility
to oxidative damage (Ischiropoulos et al., 1992), it is likely
that the partial protection of AS polysaccharides on colitis in
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the current study is to maintain the GSH reserve in the colon
(Fig. 3), which has been shown to act as a scavenger for free
radical production during colitis formation. Furthermore, the
increase in MDA concentration was completely blocked by
AS polysaccharides pretreatment (Fig. 2). These findings
reinforce the idea that AS polysaccharides could have sig-
nificant anti-oxidant activity to inhibit lipid peroxidation in
the colon. This could be the important mechanism to prevent
colitis formation in the current study.

The protective effect of AS polysaccharides on apoptosis
in intestinal cells was also studied. There was a pattern of
decrease in apoptosis/proliferation ratio in the AS polysac-
charides-treated groups in a dose-dependent manner (Table
3). It is believed that cytokines released from infiltrating
immune cells and recruited to the inflammatory sites in ul-
cerative colitis, can alter intestinal epithelial cell turnover in
such a way that higher apoptotic rate was observed (Fiocchi,
1998). Moreover, there is convincing evidence that TNF-o.
and interferon-o. play an important role in UC and Crohn’s
disease. TNF-q, especially in combination with interferon-o,
exerts potent direct effects on non-transformed human or rat
intestinal epithelial cells turnover (Ruemmele et al., 1999).
At the same time, Hui et al. (2006) reported that polysac-
charides from AS have been shown to increase the turnover
of gastrointestinal mucosal and hemopoietic stem cells. This
report suggests that AS polysaccharides can produce immu-
no-stimulatory effects, which exert protective actions on cy-
clophophamide-induced leucopenia and proliferation arrest
in the gastroduodenal mucosae. However, the association be-
tween the turnover of intestinal cells and AS polysaccharides
treatment during ulcerative colitis is still unclear. Although
the effect of AS polysaccharides on cell proliferation was
less evident, the inhibitory effect on DNBS-induced apop-
tosis was noted. Since AS polysaccharides dose-dependently
and significantly reduced the number of apoptotic cells in
colonic mucosa, this effect could be due to the capacity of
AS polysaccharides in attenuating oxidative stress, exempli-
fied by increased GSH level and decreased MDA content in
DNBS-treated mice. However, the direct anti-apoptotic ef-
fect by AS polysaccharides is still unknown. Nevertheless all
these actions could in part protect against mucosal damage
induced by DNBS in colonic tissues.

Subsequent to uncontrolled inflammatory response and
oxidative stress, dramatic alternations in colon tissue mor-
phology and intestinal microvascular function are also found
both in experimental and human IBD (Laroux et al., 2001).
The most notable histological changes associated with IBD
are enhanced arteriolar blood flow, fluid exudation across in-
testinal capillaries, interstitial edema, thickening of the intes-
tinal wall and colon inflammation, which are highly associat-
ed with many inflammatory mediators, including nitric oxide,
bradykinin and prostaglandins. In fact, Hulten and co-work-
ers (1977) showed that the blood flow in the colon of IBD pa-
tients with increases from two- to six-fold colon mass/body
mass can be regarded as the extent of colon edema (Liu et al.,
2003). Besides, according to Contran et al. (2005), UC is an
ulcero-inflammatory disease with histopathological manifes-
tation of mucosal destruction in which the disease may lead
to outright ulceration and sometimes extends into the submu-
cose and muscularis propria. Therefore, colon edema and le-
sion area can act as histological parameters for assessing the
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severity of UC. In fact, these parameters are consistent with
our present findings in which the macroscopic colonic lesion
areas and microscopic lesion scores were dose-dependently
reduced by both dosages of AS polysaccharides when com-
pared with the DNBS control group (Table 2). This reduction
of ulcer areas and decrease in colon architectural damages
may be due to the anti-oxidant and anti-apoptotic effects of
AS polysaccharides as mentioned above. Although lower
dose of AS polysaccharides indicated significant attenuation
of the drop in body mass and decreased the ratio of colon
weight to body weight when compared with the DNBS-in-
duced group, increasing the dose to 10 mg/ml did not further
improve the clinical symptoms. In conclusion, our findings
suggest that the protective effect of AS polysaccharides is
highly associated with the decrease of oxidative stress and
attenuation of apoptosis in colonic cells. Increases in oxida-
tive stress and programmed cell death in the colon are the
important pathogenic factors in the induction of UC.
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