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CLINICAL INVESTIGATION

The Effectivity of Centella Asiatica Extract in Experimental
Colitis Model Induced by Dextran Sulfate Sodium in Rats

Deneysel Kolit Modelinde Centella Asiatika Ekstresinin Etkinligi
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Amag: inflamatuvar barsak hastaliklari (IBH) cevresel, genetik ve immiin
faktorlerin sebep oldugu duasunllen bir grup kronik ve inflamatuvar
durum olarak tanimlanmaktadir. Tedavisinde baglica antiinflamatuvar,
immunsupresif ve sitotoksik ila¢g kombinasyonlari kullaniimaktadir. Fakat
bu ajanlarin ciddi yan etkilerinden dolay! yeni tedavi yéntemleri bulmak
icin arastirmalar yapilmaktadir. Bu calismanin amaci dekstran sulfat
sodium (DSS) ile indliklenmis deneysel kolit modelinde Centella Asiatica
(CA) ekstresinin etkinligini arastirmaktir. Gere¢ ve Yoéntem: Calismada
24 adet Wistar Albino rat U¢ esit gruba ayrildi. Grup 1’ e (kontrol) sadece
su verildi. Grup 2’ ye (kolit) DSS’ li icme suyu ve Grup 3’e (medikasyon
grubu) 200mg/kg/giin CA ekstresi ve DSS’ li icme suyu verildi. Deney
sonunda kolonun histopatolojik incelemesi ve myeloperoksidaz (MPO),
malonildialdehit (MDO), timér nekroz factér alfa (TNF-a) ve interldkin-10
(IL-10) dulzeyleri belirlendi. Bulgular: CA ekstrati veilen grupta kolit
grubu ile kiyaslandiginda TNF- a dizeyi daha diisiikti ve iL 10 dizeyi
daha yuksekti. MPO ve MDA duzeyleri kolit grubunda diger gruplarla
karsilastiriidiginda anlamli dizeyde daha yiksek bulundu. (p<0.05).
Histopatolojik incelemede medikasyon grubunda daha az doku hasari
saptandi. Sonug: CA ekstresi proinflamatuvar ve antiinflamatuvar
sitokin duizeyini degistirerek immuinregulatuvar bir etki géstermektedir.
Ayrica serbest oksijen radikalleri olusumunu Onleyerek doku hasarini
dnlemektedir. Bu etkilerinden dolayl CA ekstresinin iBH tedavisinde
faydali bir ajan olarak kullanilabilecegini diisinmekteyiz.

Anahtar Kelimeler: inflamatuvar barsak hastaligi Centella Asiatika,
Dekstran sulfat sodyum, Deneysel Kolit

Abstract

Background: Inflammatory bowel disease (IBD) is a group of chronic
and inflammatory conditions that are considered to be caused by
environmental, genetic, and immune factors. The treatment of IBD mainly
involves combinations of anti-inflammatory, immunosuppressive, and
cytotoxic agents. However, due to serious side effects of these agents,
research is being performed to find new treatment methods. The aim of
this study is to investigate the efficacy of Centella asiatica (CA) in the
experimental colitis model. Materials and Methods: In this study, twenty-
four rats were divided into 3 equal groups; control group (group 1) received
only water and standard rat chow; colitis group (group 2) received water
with dextran sulfate sodium (DSS); medication group (group 3) received
water with DSS, and 200 mg/kg/day CA extract was administered
Histopathologic examination of colon, concentrations of myeloperoxidase
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(MPO), malondialdehyde (MDA), tumor necrosis factor
alpha (TNF-a), and interleukin-10 (IL-10), were determined.
Results: The results indicated that the TNF-a level was
lower and the IL-10 was higher in the rats administered
with CA extract compared to the rats in the colitis group
(p<0.05). The MPO and MDA levels were significantly
higher in the colitis group compared to other groups
(p<0.05). Histopathologic examination revealed less
tissue damage in the rats administered with CA extract.
Conclusion: The CA extract exerts an immunoregulatory
effect by altering the levels of anti- and pro-inflammatory
cytokines in experimental IBD models. It also prevents
tissue damage by inhibiting the formation of free oxygen
radicals. Depending on these effects, we consider that the
CA extract can be a useful agent in the treatment of IBD.

Keywords: Inflammatory bowel disease, Centella asiatica,
Dextran sulfate sodium, experimental colitis

Introduction

Inflammatory bowel disease (IBD) is a group of chronic
and inflammatory conditions of the gastrointestinal tract,
consisting of Crohn’s disease and ulcerative colitis.
Although the exact etiopathogenesis of IBD remains
unknown, several environmental, genetic, and immune
factors are considered to play a role in the development
of IBD. In genetically susceptible individuals, an excessive
immune response that develops against several antigens
or environmental factors is blamed in the etiology of both
subtypes of IBD (1). This abnormal response is considered
to develop against the luminal bacteria or bacterial products,
or against the changes in the barrier function of intestinal
mucosa (2).

The treatment of IBD mainly involves combinations of anti-
inflammatory and immunosuppressive agents as well as
cytotoxic and immune-modulator agents. However, all of
these treatment modalities are known to have serious side
effects and an extensive research is being carried out to
find new treatment methods (3).

Centella asiatica (CA) is a medicinal herb that can reach a
height of about 2 meters and is mainly grown in Far Eastern
countries including Bangladesh, India, China, and Japan.
The leaves of CA are dried and used for medicinal purposes.
The CA extract contains three principal ingredients: asiatic
acid (AA), asiaticoside (AS), and madecassic acid (MA).
In experimental studies, the CA extract has been shown
to have antioxidant, antiulcerative, immunomodulatory,
antimicrobial, and wound healing properties. In traditional
and modern medicine, the CA extract is used in wound
healing processes and in the treatment of gastric and

duodenal ulcers, leprous skin ulcers, diarrhea, eczema,
and various abdominal tumors (4-9).

In this study, we aimed to investigate the healing efficacy
and the immunoregulatory effects of the CA extract in
experimental colitis model induced by dextran sulfate
sodium (DSS) in rats.

Materials And Methods

Prior to the study, an ethical approval was obtained from
the Mustafa Kemal University Medical School Local Ethics
Committee (Document no: 2013/3-3). All the experimental
procedures were performed at the Mustafa Kemal University
Medical School Experimental Research Center.

The study included 24 male Wistar Albino rats aged 20
weeks, weighing 220-235 g. Throughout the experiment,
the rats were kept under 12h/12h light/dark cycle with
standard temperature (23°C) and humidity. All the rats were
fed standard rat chow.

The rats were randomly divided into three groups with 8
rats each. In Group | (control group), the rats received
drinking water and standard rat chow between the days
1-15, in Group Il (colitis group), the rats received drinking
water with DSS between the days 1-15, and in Group lll
(medication group), CA extract was administered and then
received drinking water with DSS between the days 1-15.
The CA extract was given 200 mg/kg/day in 4 ml of distilled
water via orogastric gavage (7).

The original CA extract used in the experiment was
granted by Bayer Turk (Istanbul, Turkey) (Lot: 634A,
Code: 81104043). DSS was purchased from Sigma
Aldrich (St Louis, USA) (molecular weight: 40,000). A DSS
concentration of 3% (w/v) was used for the study. Ketamine
hydrochloride (Ketalar 50 mg/ml) was obtained from
Pfizer (Turkey) and xylazine hydrochloride (Rompun) was
obtained from Bayer (Turkey).

Sample Collection

On the morning of day 15, body weight of the rats was
measured following the intraperitoneal administration of
ketamine 80 mg/kg + 10 mg/kg xylazine. A midline incision
was made using sterile techniques. Blood samples were
drawn from the cardiac ventricle and the serum was
separated and stored in a freezer at -80°C. The entire
colon (from the colocecal junction to the anus) was rapidly
removed, opened longitudinally along the mesenteric
margin, rinsed with ice-cold phosphate-buffered saline
(PBS), and cleared of its fatty and mesenteric content. A
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10-cm long segment of the distal colon (proximal to the
anus) was dissected proximally and distally. The distal
segment was placed in formalin solution for histopathologic
examination and the proximal segment was used for
biochemical analysis and the assessment of cytokines.

Histopathologic Examination

The degree of tissue damage was evaluated by assigning a
numerical score to the colon tissue sections obtained from
each animal modified from the method of Stucchi et al. (10).
After the removal of the colon specimens, the specimens
were immediately fixed in 10% neutral-buffered formalin
for 24 h and three different areas were sampled. Colon
tissues were serially sectioned at 4 um, and full-thickness
sections were stained with hematoxylin and eosin (H&E).
Every sample in each group was evaluated by an Olympus
BX53 microscope (Olympus, Tokyo, Japan) and graded by
a pathologist (TO) blinded to the experiment groups formed
according to the scoring system in Table 1.

Biochemical Analysis

The large bowel tissues were removed after sacrificing and
frozen immediately at -80°C for biochemical analysis. The
tissues were homogenized in ice-cold PBS at pH 7.4 (10%
w/v), centrifuged at 10.000 x g for 10 min at 4°C, and the
supernatants were removed and portioned for analysis.

The myeloperoxidase (MPO) level was assessed using an
enzyme-linked immunosorbent assay (ELISA) kit (Boster,

Table 1 Microscopic colitis score

Pleasanton, USA) and the IL-10 and TNF-a levels were
also determined using an ELISA kit (ASSAYPRO LLC,
St. Charles; BIOSOURCE, Invitrogen Immunoassay kit,
California, USA). The IL-10and TNF-alevels were expressed
as picogram (pg)/mg protein and the MPO levels as ng/mg
protein. The total protein concentration was assessed by
the Lowry method (11). The malondialdehyde (MDA) levels
in the tissue homogenates were measured by the double
heating method developed by Draper and Hadley (12). This
method is based on spectrophotometric measurement of
the end product of lipid peroxidation with thiobarbituric acid
at 450 nm. The calibration curve was constructed by using
commercially available MDA equivalents (Eastbiopharm;
Hangzhou, China) and the MDA results were expressed
as nmol/mg-protein. Hemoglobine, hematocrit ve lI6kocyte
count were measured in serum analysis.

Statistical Analysis

Data were analyzed using SPSS for Windows 15.0
(Chicago, IL, USA). Data were expressed as mean =+
standard deviation (SD). The significance of the differences
among the quantitative data of the groups was determined
by One-Way ANOVA, followed by post hoc Tukey. The
Kruskal-Wallis test was used for the evaluation of the
significance among the microscopic colitis scores of the
experimental groups, followed by the Mann-Whitney U
test. The body weights of the rats both before and after the
induction of colitis were compared using the paired t test. A
p value of <0.05 was considered significant.

______________________________________________________________________________________________________________________________

Mucosal epithelium Lamina propria Submucosal

Ulceration Mitotic activity Plasmacytoid infiltrate | Neutrophilic infiltrate

Fibrin deposition Neutrophilic infiltrate Neutrophilic infiltrate Edema

Mucus depletion Vascularity

Scale: 0, none; 1, mild; 2, moderate; 3; severe; maximum score: 30

~ -
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Results

The hemoglobin and hematocrit levels were significantly
decreased both in the colitis and the medication groups
compared to the control group (p<0.05). The decrease
was greater in the colitis group and a significant difference
was observed between the colitis and medication groups
(p<0.05). The leukocyte count was significantly increased in
the colitis and medication groups and the highest increase
was in the colitis group. Moreover, the increase in the colitis
group established a significant difference with that of the
medication group (p<0.05) (Table 2).

The comparison of pre- and post-experiment measurements
of body weights revealed no significant weight loss in
the control group but indicated a slight weight loss in the
experimental groups. Although no difference was found
between the colitis and medication groups, the weight loss
was greater in the colitis group than in the medication group
(p>0.05) (Table 2).

The TNF-a level was significantly increased in the
experimental groups compared to the control group and
a significant difference was observed among the groups.
The highest increase was seen in the colitis group and a

significant difference was found between the colitis and
medication groups (p<0.05), (Table 2).

The IL-10 level was significantly lower in the colitis group
compared to other groups. No significant difference was
found between the control and medication groups (p>0.05)
but a significant difference was established between the
medication and colitis groups (p<0.05) (Table 2).

The MDA and MPO levels were higher in the colitis group
compared to other groups. Although no significant difference
was found between the control and medication groups
(p>0.05), a significant difference was observed between
the control and colitis groups (p<0.05) and between the
colitis and medication groups (p<0.05) (Table 2).

Histopathologic examination revealed a significant
difference among the three groups with regards to the
microscopic colitis scores (p<0.05). The lowest microscopic
colitis scores were seen in the control group and the
highest in the colitis groups (Table 2). Normal colon tissue
was observed in the control group (Figure 1), whereas
diffuse infiltration of acute and chronic inflammatory cells
and diffuse mucosal and submucosal injury were found in
the colitis group (Figure 2) and both the inflammatory cell

necrosis factor, MPO: Myeloperoxidase, MDA: Malondialdehyde, IL-10: Interleukin-10)

Table 2 Mean values of the blood, tissue, and histopathologic parameters used in the experiment (TNF-a: Tumor

________________________________________________________________

i Group 1 Group 2 Group 3 i
Parameter (Mean = SD) n=8 n=8 n=8
Hemaoglobin (g/dl) 14.39+0.12 11.08+0.59% 12.20+0.382%"
Hematocrit (vol%) 40.70+1.26 32.79+1.31% 34.99+1.242%"
Leukocyte (x10%/ul) 9.09+0.37 16.95+1.41% 14.40+1.412%"
i Pre-experimental body weight (gr) 225.79+4 .44 226.06+3.95 227.05+4.43 i
Post-experimental body weight (gr) 225.19+4.70 215.00+4.74 219.41+4.38
TNF-[ (pg/mg protein) 56.56+2.29 69.66+4.72" 60.25+2.362%"
MPO (ng/mg protein) 25.63+1.84 44.53+5.10* 26.97+1.53"
MDA (mmol/gr protein) 13.57+0.40 15.69+0.40% 13.88+0.44"
IL-10 (pg/mg protein) 0.0623+0.007 0.0461+0.0032 0.0590+0.004="
Microscopic colitis score 1.88+1.73 17.25+2.66% 10.00+1.30 2"
i‘ a: vs control b: vs colitis *: p<0.05 ,i

~ -
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infiltration and the mucosal and submucosal injury were
decreased in the medication group (Figure 3).

Discussion

Inflammatory bowel disease (IBD) is a group of
idiopathic, inflammatory, and ulcerogenic diseases of the
gastrointestinal tract. Available evidence indicates that an
abnormal immune response against the defective mucosal
immune system is responsible for the development of IBD.
This abnormal response is considered to develop against
the luminal bacteria or bacterial products, or against the
changes in the barrier function of intestinal mucosa (2,13).
Several experimental animal studies have investigated the
pathogenesis of IBD by inducing intestinal inflammation
and have also analyzed the effectivity of novel therapeutic
agents. Literature shows that most of the colitis models
have been induced by a 1.5%-5% DSS solution. The colitis
induced by DSS has been shown to resemble ulcerative
colitis both histologically and clinically. DSS exerts its
functions by impairing the barrier function of epithelial cells.
As a result, the luminal bacteria gain access to the lamina

Figure 1: Control group; preserved morphology
in colon sections (Hematoxylin&Eosinx100).

F' e 7 y T

propria and thereby initiate the inflammation. Several animal
experiments have also reported that the administration of
DSS in drinking water leads to weight loss, inflammatory
changes such as histopathologic erosion in crypts, and
impairment in the antioxidant mechanism (14-18). In our
study, DSS was administered at a concentration of 3%
(w/v) and was found to cause mild-moderate colitis.

Pro- and anti-inflammatory cytokines play a key role in the
modulation of mucosal immune system and the resultant
intestinal inflammation. In IBD, this balance is altered,
resulting in chronic inflammation. Studies have reported
that colon biopsies in IBD indicate an elevation in the levels
of proinflammatory cytokines including IL-1, IL-2, IL-6, IL-8,
IFN- vy, and TNF-a and a reduction in the levels of anti-
inflammatory cytokines (19,20).

TNF-a is a proinflammatory cytokine and is synthesized
by activated macrophages. It plays a role in the formation
of both acute and chronic inflammation, and the TNF-a
antibodies are used in the treatment of IBD. IL-10 is

Figure 2: Colitis group; acute and chronic inflammation cells

with gland involvement and destruction with mucous depletion
in mucosa and submucosa (Hematoxylin&Eosinx100).

Figure 3: Medication group; partial reduction in acute and chronic
inflammation findings in the lamina propria and the glands
—==1  (Hematoxylin&Eosinx100).
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produced by T-cells, B cells, and monocytes activated
by lipopolysaccharides. During inflammation, IL-10
inhibits proinflammatory cytokines produced by activated
macrophages. IL-10 also plays a role in the modulation
of T-cell activation and the downregulation of the acute
inflammatory response. Recently, IL-10 has been shown to
have a role in the immune modulation of the gastrointestinal
tract by alleviating enterocolitis in IL-10-knockout rats
(1,21,22).

In our study, the TNF-a level was found to be significantly
increased in the colitis group compared to the medication
group. Moreover, the IL-10 level was significantly
decreased in the colitis group. A slight decrease was seen
in the medication group but no significant difference was
established. However, a significant difference was found
between the colitis and medication groups. These findings
indicate that the CA extract exerted an anti-inflammatory
effect by inhibiting further secretion of TNF-a by preventing
the decrease in IL-10 concentration.

In IBD, the neutrophils and macrophages activated
during inflammation lead to increased production of free
oxygen and nitrogen radicals including superoxide, nitric
oxide (NO), and hydroxyl radical. Excessive production
of these reactive oxygen products exceed the capacity of
intestinal antioxidant defense systems, and thus oxidative
injury results in increased mucosal injury. The level of free
oxygen radicals can be determined by the measurement
of the level of MDA, which is the end product of lipid
peroxidation (23-25). MPO is a major granule constituent
and converts hydrogen peroxide to hypochlorous acid in
the presence of chloride ion. Hypochlorous acid is a potent
oxidant and antimicrobial agent. During inflammation, the
MPO levels are increased and lead to increased tissue
damage (26).

Literature shows that there have been numerous studies
reporting on the effectivity of CA extract. In several
experimental studies, the CA extract has been shown
to cause increased fibroblast proliferation and collagen
synthesis. The role of the CA extract in wound healing both
in vivo and in vitro has also been demonstrated and the
CA extract has been reported to increase epithelization.
Several other studies reported that the administration of CA
extract at a dose of 100 mg/kg exerted an anti-inflammatory
effect by decreasing the cytokine level and this effect was
equivalent to the effect exerted by the standard Ibuprofen.
The CA extract has also been demonstrated to increase
the levels of antioxidant enzymes including superoxide
dismutase, catalase, and glutathione peroxidase and to
exert antioxidant activity by decreasing the level of MDA,

which is an end product of lipid peroxidation. Additionally,
in an experimental IBD model, the CA extract was found
to decrease the colonic MPO level and to decrease
the severity of the disease by preventing weight loss (4,
27,28). In a recent study, CA had been shown to reduce
reactive oxygen species leading to an amelioration in the
experimantal colitis (29).

In our study, no significant difference was observed between
the MDA and MPO levels in the control and medication
groups. However, the MDA and MPO levels in the colitis
group were significantly higher compared to those in
other groups. These findings suggest that the CA extract
exerted antioxidant activity in the presence of colitis both
by decreasing the secretion of MPO through the inhibition
of neutrophil infiltration into the colon and by preventing the
formation of free oxygen radicals.

Experimental studies indicate that IBD patients may
be presented with decreased hemoglobin (Hgb) and
hematocrit (Hct) levels and increased leukocyte count (30,
31). Weight loss is another clinical finding presented by IBD
patients and is used as a parameter for the determination of
the severity of the disease. Weight loss of more than 10%
of body weight is accepted as an indicator of the severity
of the disease (32,33). In our study, depending on the Hgb
and Htc levels, leukocyte count, and the amount of weight
loss, we consider that the administration of the CA extract
led to a significant decrease in the severity of the disease
and provided effective outcomes. Especially decreased
blood loss due to CA treatment may explain the higher Hgb
and Htc levels in Group lII.

In the histopathologic examination of IBD, a large number
of activated neutrophils and macrophages are observed
in the intestinal mucosa during inflammation. In addition,
mucosal injury, mucus depletion in the crypts, increased
vascularity in the lamina propria, fibrin deposition, and
submucosal edema may also be detected. The levels
of these parameters are used for the calculation of the
microscopic colitis score (10,34).

In our study, the microscopic colitis score was increased
in the experimental groups compared to the control group
and the highest score was seen in the colitis group. It was
also found that the administration of the CA extract led to
a significant decrease in the microscopic colitis score in
the medication group compared to the colitis group. We
consider that the CA extract exerted this effect due to its
anti-inflammatory properties and performed the effect by
inhibiting neutrophil and macrophage infiltration into the
intestinal mucosa. We also consider that the antioxidant
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properties of the CA extract prevented further tissue
damage.

Inexperimental IBD, CAextract preventsthe secretion of TNF
alpha which is a pro-inflammatory cytokine. Furthermore,
CA extract keeps the IL 10 levels in the range which can
produce an anti-inflammatory effect. In addition to that, it
reduces the infiltration of neutrophiles and macrophages
into intestine, thus prevents tissue damage by reducing the
inflammation and preventing SOR production. We believe
that CA extract application in the treatment of IBD patients
should be further investigated by clinical studies.

This study was financially supported by the Mustafa Kemal
University Scientific Research Projects Unit.
We thank Bayer Turk for granting us the Centella Asiatica
extract to be used for scientific experiments.
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