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Abstract: Objective: To elucidate the protective effect of ethanolic extract of dried seeds of Solanum torvum (S. torvum)
in acetic acid-induced ulcerative colitis in male Wistar rats. Methods: The animals were divided into various treatment
groups (n=5). Rats were administered with 2ml of acetic acid (4%) via intrarectal route. Prednisolone was used as a
standard drug and S. torvum was administered at a dose of 100 and 300mg/kg, p.o. Macroscopic score, colon weight to
length ratio, colonic superoxide dismutase (SOD), reduced glutathione (GSH), myeloperoxidase (MPO), catalase (CAT),
and lipid peroxidation (TBARS) levels and histopathological changes were recorded after the treatment regimen of 11
days.

Results: Intrarectal instillation of acetic acid caused significant (P<0.05) increase in colon weight to length ratio, TBARS,
and MPO levels. It caused significant (P<0.05) decrease in the levels of SOD, CAT and GSH levels. Pretreatment with S.
torvum (100&300mg/kg, p.o.) exhibited significant (p<0.05) increase in the levels of SOD, CAT and reduced GSH and
significant decrease in TBARS and MPO levels. Histopathological changes showed that acetic acid treatment caused
significant structural damage to colon like inflammation, ulceration with a loss of 40% mucosa which was reversed by S.
torvum (100&300mg/kg) treatment.

Conclusion: The present investigation demonstrates the potent therapeutic value of S.torvum (100, 300 mg/kg, p.o.) in

the amelioration of experimental ulcerative colitis in rats.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory
bowel disease, a condition affecting the gastrointestinal
tract. It is an inflammatory disorder of the colonic
mucosa characterized by relapses and remission [1].
The exact etiology of the disease is not known but may
involve genetic and immunological influence on the
gastrointestinal tract and its ability to distinguish foreign
from self antigens. Several studies have reported that
there is generation of free radicals which aggravate
and precipitate pathological changes in colonic
mucosa. Localized inflammation and generation of free
radicals along with the release of inflammatory
mediators have been elucidated to the damage of
colonic mucosa [2]. Similar conditions are provided by
rectal administration of acetic acid in laboratory animals
which resembles human condition. Acetic acid induced
ulcerative colitis is a reproducible animal model for the
screening of drugs [3]. Other agents which induce
ulcerative colitis in laboratory animals includeDextran
sodium sulfate (DSS) [4]; 2,4,6-Trinitro benzenesulfonic
acid (TNBS) [5]; 2,4-dinitrobenzene sulfonic acid
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(DNBS) [6]. Despite of a very massive research work,
no specific therapy has been developed for the disease
[7,8]. The present treatment regimen used to treat
ulcerative colitis include aminosalicylates,
corticosteroids and immunomodulators which posses a
wide range of side effects [9]. Treatment withherbal
medicines minimize these side effects. Polyphenols
and flavonoids from medicinal plants have been shown
to alleviate chronic inflammation in experimental model
of ulcerative colitis [10]. Solanum torvum (sundakai) is
a small shrub of the family Solanaceae which is
commonly known as turkey berry. It is widely
distributed in India, China, Phillipines and Tropical
America. The fruits and leaves have a great medicinal
importance. A decoction of fruits is used in case of liver
and spleen enlargement [11]. The plant is sedative and
diuretic and leaves are used as a haemostatic. The
ripened fruits are used in the preparation of tonic and
haemopoietic agents and also for the treatment of pain
[12]. Solanum torvum contains a number of potential
pharmacologically active chemicals like isoflavonoid
sulfate and steroidal glycosides [13], chlorogenone and
neochlorogenone [14], tri-acontane derivatives [15,16],
22-beta —O-spirostanololigoglycosides [17], 26-beta-O-
glucosidase [18]. S. tforvum also possesses
antimicrobial [19,20], antiviral [21], immuno-secretory
[22], antioxidant [23], analgesic and anti-inflammatory
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[24], antiulcerogenic activities [25], cardiovascular [26],
nephroprotective [27], antidiabetic [28], angiotensin and
serotonin receptor blocking activities [29]. Many
medicinal plants like Bauhinia tomentosa [30], Cucumis
sativus [31], Hibicusrosasinensis [32], Lanata camera
[33], have been reported to be effective in the
treatment of Ulcerative colitis. The antioxidant property
of flavonoids, their ability to inhibit inflammatory
mediators and their ability to down regulate a number
of cells of immune system could be effective in
reducing ulcerative colitis [34]. Since S. forvum is
known to contain a high percentage of flavonoid
content of about 85.26+0.02 ug rutin equivalent/ mg of
extract [35], the objective of the present investigation
was to unravel the possible protective effect of
Solanum torvum against acetic acid induced ulcerative
colitis in male Wistar rats.

MATERIALS AND METHODS

Collection of Seeds

Dried seeds of Solanum torvum were purchased
locally from the markets of Chennai, Tamil Nadu and
authenticated by Dr. S.C. Pal, NDMVP Samaj’s College
of Pharmacy, Nashik, India. The voucher specimen
(1731) has been deposited at Agharkar Research
Institute, Pune, India.

Preparation of Extract

Powdered material (500gms) was defatted using
petroleum ether (60-80 °C) for 18hrs using Soxhlet
apparatus. The marc was dried and again extracted
using ethanol for 18hrs. The ethanolic extract was
collected and allowed to air dry to obtain the product
(6% w/w). Appropriate concentrations of the extracts
were made using distilled water as a vehicle.

Preliminary Phytochemical Screening

The preliminary phytochemical screening of
ethanolic extract was tested forthe presence of
flavonoids, alkaloids, tannins, glycosides and saponins.

Animals

Healthy adult male Wistar rats (180-200 g) were
obtained from Mahaveer enterprises, Hyderabad, India.
They were maintained at 24+1 °C, with relative humidity
of 45-55% and 12:12 dark/light cycle. The animals
were acclimatized for a period of one week in animal
house. Commercial pellet diet and water were provided
ad libitum. The experiments were carried out according

to the guidelines of the committee for the purpose of
control and supervision of experiments on animals
(CPCSEA), New Delhi, India and approved by the
Institutional Animal Ethical Committee.

Drugs and Chemicals

Prednisolone was obtained as a gift sample from
Bafna Pharmaceuticals Ltd (Chennai). All the other
chemicals were purchased locally.

Dosage of S. torvum and Standard Drugs Used

The freshly prepared ethanolic extract of S.forvum
was administered to animals orally for 7days in two
different doses (100 and 300mg/kg). On the g™ day
colitis was induced by intra rectal administration of 2ml
of 4% acetic acid. The oral administration of extract
was continued even after administration of acetic acid.
Prednisolone was used as standard drug, but was not
given as pre-treatment. Prednisolone was administered
at a dose of 2mg/kg orally in vehicle.

Experimental Protocol

Induction of Colitis

Colitis was induced as per Modified Millar Method
[36]. 24hrs fasted rats were anaesthetized with diethyl
ether.2ml of 4%acetic acid was administered into the
rectum of rats using a catheter (3mm) in diameter at a
distance of 8cms into colon for 30secs. After 30s acetic
acid was withdrawn followed by flushing of colon using
0.9%saline.

Experimental Design

The animals were randomly divided into following
experimental groups with 5 animals each.

Group 1 - Vehicle treated: received 1ml of distilled
water for 11days.

Group 2 - Acetic acid treated animals: received 2mi
of 4%acetic acid solution once intra rectally.

Group 3 - Prednisolone treated animals: received
Prednisolone (2mg/kg, p.o., for 3days) and acetic acid
(2ml of 4% solution, once, intrarectally). Prednisolone
and acetic acid treatment was started on the same day.

Group 4 - Drug treated animals: Pre treated with S.
forvum (100mg/kg) for 7days and 2ml of 4% acetic acid
solution administered intra rectally on 8th day. Drug
treatment was continued till 11th day.
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Group 5 — Drug treated animals: Pre treated with
S.torvum (300mg/kg) for 7days and 2ml of 4%acetic
acid solution administered intra rectally on 8th day.
Drug treatment was continued till 11th day.

On the 11th day animals were sacrificed and colons
were collected for macroscopic study and biochemical
assays. Portions of colonic specimens were kept in
10% formalin solution for histopathological studies.

Preparation of Tissue Homogenate

The colon tissue was washed with ice-cold 0.9%
saline and homogenized with 0.1M tris buffer (pH -7.5)
using Remi homogenizer to give 10% homogenate.
The homogenate was centrifuged at 10,000rpm for
20min and supernatants were used for estimation of
antioxidant enzymes.

Assesment of Colonic Damage

Macroscopic Scoring

The colon was excised and opened longitudinally,
rinsed with cold saline and colonic damage was
evaluated by independent observer according to scale
ranging from 0 to 4 as follows [36]

0 - normal appearance, 1 - mucosal erythema only,
2 - mild oedema, slight bleeding or small erosions, 3 -
moderate oedema, bleeding ulcers, 4 - severe
ulcerations, erosions, oedema and tissue necrosis.

Colon Weight/Length Ratio (g/cm)

After animals were sacrificed colon was removed,
gently flushed with saline placed on ice cold plate
cleaned of fat and mesentery and blotted on filter paper
to dry. Each colon was weighed and its length was
measured [37].

Antioxidant Parameters

Superoxide Dismutase (SOD)

The assay of SOD was based on the ability of SOD
to inhibit spontaneous oxidation of adrenaline to
adrenochrome .0.05ml supernatant was added to 2.0ml
of carbonate buffer and 0.5ml of 0.01Mm EDTA
solution. The reaction was initiated by addition of 0.5ml
of epinephrine and autoxidation of adrenaline to
adrenochrome was measured at 480nm. The change in
absorbance for every minute was measured against
blank. The results are expressed as unit of SOD
activity (mg/wet tissue) [38].

Catalase (CAT)

The reaction mixture consisted of 2ml of phosphate
buffer (pH 7.0),0.95ml of hydrogen peroxide (0.019M)
and 0.05ml of supernatant in a final volume of
3ml.Absorbance was recorded at 240nm every 10sec
for 1min.One unit of CAT was defined as the amount of
enzyme required to decompose 1umol of peroxide per
min at 25°c .The results were expressed as units of
CAT U/g of wet tissue [39].

Reduced Glutathione (GSH)

1ml of homogenate was added to 1ml of 10% TCA
and centrifuged.1ml of supernatant was treated with
0.5ml of Ellmans reagent (19.8 mg of 5,5’-dithiobisnitro
benzoic acid (DTNB) in 100ml of 1% sodium citrate)
and 3ml of phosphate buffer (pH-8). The color
developed was measured at 412nm [40].

Lipid Peroxidation (TBARS)

0.1ml of homogenate (Tris Hcl buffer, pH 7.5) is
treated with 2ml of (1:1:1) TBA-TCA-HCL reagent and
placed in water bath for 15min,cooled and centrifuged
at room temperature for 10min at 1000rpm. The
absorbance of supernatant was measured against
reference blank at 535nm [41].

Myeloperoxidase (MPO)

0.1ml of homogenate (Tris Hcl buffer, pH 7.5) was
treated with equal volume of potassium phosphate
buffer (pH 7.5) and was centrifuged at room
temperature for 10 min at 10000 rpm. The supernatant
was ftreated with 0.5% tetramethylbenzidine. This
mixture was oxidized by MPO in presence of hydrogen
peroxide and absorbance was measured at 655 nm
[42].

Histopathological Examination

The colonic tissues were fixed in 10% formalin. The
specimens were then processed for standard
procedure and were embedded in paraffin wax in swiss
roll model such that the entire area of colon is exposed
without missing any lesional and normal areas of colon.
The blocks were then sectioned according to
hematoxylin and eosin method. Four-micrometer thick
histological sections were obtained from the paraffin
blocks. The sections were examined under the light
microscope and photographs were taken under 40X.

Statistical Analysis

All data were expressed as the meant SEM. For
statistical analysis of the data group means were
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compared by one-way analysis of variance (ANOVA)
followed by Dunnett's test, P<0.05 was considered
significant.

RESULTS
Preliminary Phytochemical Screening

The ethanolic extract of S. forvum was found to
contain flavonoids, alkaloids, glycosides, tannins and
saponins.

Effect of S. torvum on Macroscopic Scores

The colons of the rats were examined macro-
scopically for signs of hemorrhage and ulceration.
Acetic acid treated rats showed a significant (P<0.05)
increase in mean macroscopic score of (3.9+0.06) as
compared to vehicle treated group. Rats pretreated
with S. forvum (100&300mg/kg, p.o.) had significantly
(P<0.05) decreased macroscopic scores (2.3+0.17 and
1.51£0.09 respectively) compared to acetic acid treated
group, as did prednisolone (2mg/kg/day, p.o.)
pretreated rats (2.74+0.04) (P<0.05) (Table 1).

Effect of S. torvum on Colon Weight to Length
Ratio

The ratio of colon weight/length was found to be
increased significantly (P<0.05) in acetic acid treated
group (0.165+0.01) as compared to vehicle treated
group (0.078+0.01). Pretreatment with S.torvum
(100&300mg/kg, p.o.), significantly (P<0.05) decreased
the colon weight to length ratio (0.134+0.014,
0.074+0.005 respectively) as compared to acetic acid
treated group in a dose dependent manner (Table 1).

Effect of S. torvum on Colonic SOD

A significant decrease (P<0.05) in colonic SOD
concentration was observed in acetic acid treated
group [(2.30+0.23) U/mg of wet tissue] as compared
with the vehicle treated group [(12.31£0.23) U/mg of wet
tissue]. Pretreatment with S. forvum (100 and
300mg/kg, p.o) significantly (P<0.05) increased SOD
content [(5.41£0.32) and (11.4+0.54) U/mg of wet
tissue] as compared to acetic acid treated group in a
dose dependent manner. Prednisolone also protected

Table 1: Effect of S. torvum (100 and 300mg/kg) on Macroscopic Scoring and Colon Weight to Length Ratio (g/cm) of
Rat in Acetic Acid-Induced Ulcerative Colitis
Treatment groups Macroscopic scoring Colon weight to length ratio (g/cm)

Vehicle (Distilled water) 0.0+0.00 0.078+0.02
Acetic acid control (4%) 3.9+0.06" 0.165+0.06°
Prednisolone (2mg/kg) 2.7+0.04" 0.100+0.01*
S. torvum (100mg/kg) 2.3+0.17" 0.134+0.01*
S. torvum (300mg/kg) 1.5+0.05" 0.074+0.05"

n=5, All data analyzed by one way ANOVA followed by Dunnet’s test. *P<0.05 as compared to vehicle treated group, *P<0.05 as compared to acetic acid treated

group.

(0-normal appearance; 1- mucosal erythema only; 2- mild oedema, slight bleeding or small erosions; 3-moderate oedema, bleeding, ulcers; 4-severe ulcerations,

erosions, oedema and tissue necrosis).

Table 2: Effect of S. torvum (100 and 300mg/kg) on Various Antioxidant Parameters of rat Colon in Acetic Acid

Induced Ulcerative Colitis

Treatment groups SOD (U/mg of wet CAT (U/mg of wet Reduced GSH (nug TBARS (n moles/ MPO (U/mg of wet
tissue) tissue) GSH/mg of wet mg of wet tissue) tissue)
tissue)
Vehicle 12.3+0.52 0.53+0.042 22.8+2.899 24.2+0.30 5.19+0.25
Acetic acid (2ml, 2.30+0.23* 0.28+0.09* 10.8+0.36* 68.2+1.31* 20.3+0.43*
4%vVIv)
Prednisolone 9.31+0.27" 0.41+0.05 17.6+£2.11* 31.2+0.79" 7.60£0.29%
(2mg/kg)
S. torvum 5.41+0.32"* 0.38+0.01 13.9+0.27 54.2+1.02* 15.7+0.37"
(100mg/kg)
S. torvum 11.4+0.54" 0.64+0.01* 21.4+0.40" 42.9+1.82"* 10.7+0.39™*
(300mg/kg)

n=5, all data analyzed by one way ANOVA followed by Dunnet’s test. *P<0.05 as compared to vehicle treated group, *P<0.05 as compared to acetic acid group.
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SOD depletion induced by acetic acid [(9.31+0.27)
U/mg of wet tissue] (Table 2).

Effect of S. torvum on Colonic CAT

A significant decrease (P<0.05) in colonic CAT
concentration was observed in acetic acid control
group [(0.28+0.09) U/mg of wet tissue] as compared
with the vehicle treated group [(0.531£0.42) U/mg of wet
tissue]. Pretreatment with S.forvum (100 and
300mg/kg, p.o) significantly (P<0.05) increased CAT
content [(0.38+0.01) and (21.410.40) U/mg of wet
tissue] as compared with acetic acid treated group in a
dose dependent manner. Prednisolone protected
against CAT depletion induced by acetic acid
[(0.41+0.05) U/mg of wet tissue] (Table 2).

Effect of S. torvum on Colonic Reduced GSH

A significant decrease (P<0.05) in colonic reduced
GSH concentration was observed in acetic acid treated
group [(10.8+0.36) pg/mg of wet tissue] as compared
with the vehicle treated group [(22.8+2.86) y g/mg of
wet tissue]. Pretreatment with S. torvum (100 and
300mg/kg, p.o) significantly (P<0.05) increased GSH
levels [(13.9+0.27) and (21.4+0.40) pg/mg of wet
tissue] as compared to acetic acid treated group in a
dose dependent manner. Prednisolone also protected
GSH depletion induced by acetic acid [(17.6+2.11)
pg/mg of wet tissue] (Table 2).

Effect of S. torvum on Colonic TBARS

A significant increase (P<0.05) in colonic TBARS
concentration was observed in acetic acid treated
group [(68.2+41.31) n moles/mg of wet tissue] as
compared with vehicle treated group. Pretreatment with
S. torvum (100 and 300mg/kg, p.o) significantly
(P<0.05) decreased TBARS levels [(54.2+1.02) and
(42.9+1.82) n moles/mg of wet tissue] as compared to
acetic acid treated group in a dose dependent manner.
Prednisolone protection against the elevated TBARS
levels induced by acetic acid treatment [(31.2£0.79) n
moles/mg of wet tissue] (Table 2).

Effect of S. torvum on Colonic MPO

A significant increase (P<0.05) in colonic MPO
concentration was observed in acetic acid treated
group [(20.3+0.43) U/mg of wet tissue] as compared
with vehicle treated group. Pretreatment with S. forvum
(100 and 300mg/kg, p.o) significantly (P<0.05)
decreased MPO levels [(15.7+0.37) and (10.7+0.27)
U/mg of wet tissue] as compared to acetic acid treated

group in a dose dependent manner. Prednisolone
provided protection against the elevated MPO levels
induced by acetic acid treatment [(7.60+0.29) U/mg of
wet tissue] (Table 2).

Histopathological Results

Histopathological examination (40X) of colon tissue
of rats treated with acetic acid (4%) showed significant
cell inflammation with 40% loss of mucosa whereas S.
torvum (100&300 mg/kg) ftreated rats showed
prominent round cell collection in mucosa and sub
mucosa all through and lymphoid hyperplasia and
showed near normal architecture (Figure 1).

DISCUSSION

Ulcerative colitis is a disorder of GIT with unknown
etiology. Although the etiology is unknown the various
factors that may lead to UC include multiple immune,
genetic and environmental factors which are
responsible for initiation and progression of the disease
[43]. There is evidence for intense local immune
response followed by release of reactive oxygen
species (ROS) and other inflammatory mediators
resulting in tissue damage [44].

In the present study, ethanolic extract of S. forvum
(100 & 300mg/kg) has significantly (P<0.05) decreased
colon length to weight ratio, TBARS, and MPO levels. It
has also significantly (P<0.05) increased the levels of
SOD, CAT and GSH levels and reversed the
histopathological changes induced by acetic acid
treated group. Thus ethanolic extract of S.torvum has
ameliorated the effects of acetic acid induced
Ulcerative colitis in male Wistar rats as proven by its
morphological, biochemical and histopathological data.
The wet weight of colon is regarded as a reproducible
parameter indicating degree of inflammation in colon.
The elevation in colon weight to length ratio was
inhibited by S. torvum depicting its healing property.
The gross morphological lesions characterized by ulcer
and necrotic area of various sizes were healed
indicating protection of microflora from corrosive effects
of acetic acid by S. torvum.

One of the important intestinal tissue damage
mechanisms is oxidative stress through an excessive
production of reactive oxygen species that include
superoxide anion, hydrogen peroxide, hypochlorous
acid and hydroxyl radical [45]. The antioxidant
enzymes are endogenous systems responsible for
detoxification and neutralization of reactive species
[46]. SOD is a key enzyme which inactivates
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Figure 1: Photomicrographs of histopathological examination (40X) of colon tissue. Section A) Control group treated with vehicle
shows prominent round cell collection in mucosa and submucosa all through and lymphoid hyperplasia focally, section B) Group
treated with acetic acid (4% v/v) shows significant cell inflammation with 40% loss of mucosa, C) Group treated with
prednisolone (2mg/kg) shows scattered round cell collection in mucosa and submucosa, Section D) Group treated with extract
(100mg/kg) shows prominent round cell collection in mucosa and submucosa all through and lymphoid hyperplasia focally,
Section E) Group treated with extract (300mg/kg) shows prominent round cell collection in mucosa and submucosa all through
and lymphoid hyperplasia focally.

superoxide ion by transforming it into more stable Catalase is an important peroxisomal antioxidant
metabolite H202- which is converted to water [30]. The enzyme that metabolizes H202 into oxygen and water.
SOD level was found to be significantly (P<0.05) It prevents the harmful effects of oxidative radicals and
decreased in Ulcerative colitis. Treatment with S. initiation process of lipid peroxidation [47]. The activity

torvum (100&300mg/kg) increased the colonic SOD in of CAT was significantly lower in experimental colitis
a dose dependent manner. group as compared to vehicle treated group.
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Decreased CAT activity may relate to enzyme
consumption due to neutralization of excessive H202
in colonic tissue. The tissue CAT levels were
significantly  (P<0.05) increased in S. forvum
(100&300mg/kg) treated group compared to acetic acid
induced colitis group in a dose dependent manner.

Glutathione (GSH) is a tripeptide and a powerful
antioxidant present within the cytosol of cells. It is
important in maintaining SH groups in other molecules
including proteins and detoxifying foreign compounds
and free radicals [48,49]. Treatment with S.torvum
(100&300mg/kg) significantly (P<0.05) increased
colonic GSH levels in a dose dependent manner when
compared to levels in acetic acid induced colitis rats.

Colitis induced by acetic acid is known to produce
excess ROS [36]. These generated free radicals are
involved in lipid peroxidation which leads to oxidative
degradation of lipids and cell damage. Enhanced lipid
peroxidation is seen in acetic acid treated group which
was significantly (P<0.05) reversed by S. torvum
(100&300mg/kg) in a dose dependent manner.

Myeloperoxidase (MPO) is a peroxide enzyme
found in azurophilic granules of neutrophils. Upon
activation and degranulation, MPO is released which
results in formation of potent oxidants. It enhances the
cytotoxic activity of H202, catalyzes the reaction of
chloride with H202 to produce hypochlorous acid
which is important for the inflammatory property of
neutrophils [50]. This leads to tissue injury and causes
some clinical features of UC. MPO levels which were
high in acetic acid treated group was significantly
(P<0.05) reduced by treatment with S. forvum
(100&300mg/kg) in a dose dependent manner.

The histopathological changes in colon showed
ulceration with 40% loss of mucosa and inflammation in
acetic acid treated group. Pretreatment with S. forvum
(100&300mg/kg) restored histopathological changes in
colon.

In general it was reported that the antioxidant
property of medicinal plants could be attributed to the
presence of flavonoid phytoconstituent [51]. Since
oxidative stress is associated with ulcerative colitis
flavonoids indeed contribute a majortheurapeutic role in
the treatment of ulcerative colitis. The flavonoid
concentration was found to be abundant (85.26+0.02
Mg rutin equivalent/mg of extract) in seeds of Solanum
torvum.

In view of the above, the protective effect of
ethanolic extract of seeds of Solanum torvum against
acetic acid induced ulcerative colitis could be attributed
to the presence of flavonoids. However further work on
isolation and characterization of flavonoid constituent
responsible for healing ulcerative colitis is required.
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