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Abstract
Background: Inflammatory Bowel Disease (IBD) is a chronic inflammatory, an idiopathic disorder of intestine with unknown etiology.
Alstonia scholaris  Linn., R.Br. (family Apocynaceae) shown to possesses potent antioxidant and anti-inflammatory activity. Objective: To
evaluate the effect of an alkaloidal fraction of leaves of Alstonia scholaris  (AFEAS) against acetic acid induced IBD in laboratory rats.
Materials and Methods: Colitis was induced in male Wistar rats (180-220 g) by intrarectal administration of acetic acid (2 mL, 4% (v/v)).
Rats were either treated orally with AFEAS (20, 40 and 80 mg kgG1) or distilled water (10 mg kgG1) or prednisolone (2 mg kgG1). Various
biochemical, molecular and histological parameter were assessed. Results: Intrarectal administration of 4% acetic acid resulted in
significant modulation (p<0.05) of serum alkaline phosphatase, lactate dehydrogenase, SOD, GSH, MDA and MPO content along with
colonic NO, XO level and protein carbonyl content in the colonic tissue as well as in blood. The AFEAS (40 and 80 mg kgG1) administration
significantly (p<0.05) ameliorated these acetic acid induced alteration in serum and colonic biochemical parameters. The decreased level
of leptin and increased the level of pro-inflammatory cytokines (TNF-" and IL-1$) after acetic acid administration were significantly
inhibited by AFEAS (40 and 80 mg kgG1) treatment. The AFEAS treatment reduced histological insult induced in the colon after intrarectal
instillation of acetic acid. Conclusion: Treatment of AFEAS ameliorates acetic acid induced colitis by virtue of its anti-inflammatory and
anti-oxidant potential via inhibition of production oxido-inflammatory mediator and pro-inflammatory cytokines.
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INTRODUCTION

Inflammatory Bowel Disease (IBD) is comprehended
Crohn's disease and ulcerative colitis1. It’s a large group of
circumstances, which mainly involves chronic inflammation of
mucosal and sub-mucosal layers of the large intestine and
rectum. Hepatic, ocular, articular and cutaneous, which are the
extra-intestinal manifestations of ulcerative colitis are frequent
and appears in almost 45% patient2. The culminating factor of
IBD includes bated cellular antioxidant capacity, ensuring
inconspicuous colonic inflammation due to the activated
oxygen species and concomitant lipid peroxidation3-5. The
incommensurable inflammation plays an imperative role
along with the oxidative stress in the pathogenesis of
ulcerative colitis disease. Generation of free radical and
remittent antioxidant capability are the key marker of
inflammatory   bowel  disease  though  the  cause  of
ulcerative colitis  is  not   revealed   completely6.   Excessive
ROS production results in oxidative  stress  in  the  cell  from
IBD  patient  thus  the  lack  of  balance  among  the  innate
and   exogenous   antioxidant   and   ROS   may   result    in
DNA damage7,8. It has been  well  reported  that  release  of
pro-inflammatory  cytokines  such as IL-6 and IL-1$, which
have the potency to triggers the pathological responses in
IBD9.

The present treatment regimen to  treat a patient
suffering from IBD includes drugs  like  antibiotics,  steroids
and immunosuppressant. However, these treatments are
associated with side effects like nausea, anorexia, cytopenia
myalgia and malfunction of the kidney, liver and lungs are
remains a major problem. Acetic acid induced IBD is widely
used, reproducible and well-established animal model for
screening of various therapeutic moieties against ulcerative
colitis10,11. It also mimics most of the clinicopathological
feature that is present in human.

Alstonia   scholaris   Linn.,   R.Br.   (family   Apocynaceae)
the plant grows throughout India. It has an array of
pharmacological        activity        including       wound    healing,
anti-arthritic12,               anti-cancer,                 hepatoprotective13,
anti-hyperglycaemic14,        neuroprotective15,          anti-malaria,
antiulcer,    anti-asthmatic16    and   anti-hypertensive17,  etc.  It
was also shown to possesses potent anti-oxidant activity13.
However, its potential against inflammatory bowel disease has
not been yet evaluated. Thus, the objective of the study was
to determine the potential of an alkaloidal fraction of leaves of
Alstonia scholaris  (AFEAS) in acetic acid induced IBD model in
laboratory rats.

MATERIALS AND METHODS

Animals: Male Swiss albino mice (20-30 g) and male Wistar
rats (180-220 g) were obtained from the National Institute of
Biological Sciences, Pune (India). The animals were housed in
groups of 6 in solid bottom polypropylene cages. They were
maintained at 24±1EC with a relative humidity of 45-55% and
12:12  h  dark/light  cycle. The animals were acclimatized  for
2 weeks and were kept under pathogen-free conditions. The
animals had free  access  to  standard  pellet  chow (Pranav 
Agro-industries   Ltd.,   Sangli,   India)    throughout the 
experimental  protocol,   except   overnight   fasting before
induction of the ulcer. The experimental protocol
(CPCSEA/62/2014) was approved by the Institutional Animal
Ethics Committee (IAEC) of Poona College of Pharmacy, Pune
and performed in accordance with the guidelines of
Committee for Control and Supervision of Experimentation on
Animals (CPCSEA).

Chemicals: Acetic acid, anesthetic ether, ethanol, formalin,
hexadecyltrimethylammonium       bromide,       O-dianisidine
dihydrochloride, hydrogen peroxide, disodium hydrogen
orthophosphate, potassium dihydrogen orthophosphate,
carbon tetrachloride, chloroform,  ether,  hydrochloric acid
and concentrated  sulphuric acid was purchased from S.D.
Fine Chemicals, Mumbai, India. The TNF-", IL-1$ and leptin
enzyme-linked immunosorbent assay (ELISA) kit were
obtained from Ray Biotech Inc., USA.

Preparation of alkaloidal fraction  of Alstonia  scholaris
from ethanolic extract of leaves (AFEAS): One kilogram of
dried, coarsely powdered leaves of Alstonia scholaris  was
macerated in 75% ethanol and 25% water for one week with
occasional shaking/stirring. The macerate was filtered and the
marc was further macerated with 75% ethanol and 25% water
for 1 week. This was repeated twice. The obtained extract was
pooled and concentrated under reduce pressure to give a
hydroalcoholic extract (80 g). Forty grams of hydroalcoholic
extract was dissolved in 200 mL of 1% hydrochloric acid. This
solution was dissolved in equal volume of 200 mL ammonia
water (1:1) maintaining its pH (9-10). The basic solution was
partitioned with 400 mL ethyl acetate in separating funnel and
collected ethyl acetate fraction which was concentrated under
reduced pressure to afford alkaloidal fraction (11 g).

Preliminary    phytochemical    investigation    of    AFEAS:
The  alkaloidal  fraction  was  subjected  to  qualitative
chemical  investigation  to  test  for   the   presence   of  various
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phytochemicals in the extract18,19.  A test solution of AFEAS was
prepared in ethanol with the concentration of 25 mg mLG1.

Acute toxicity testing: Acute Oral Toxicity (AOT) in Swiss
albino mice was performed according to OECD guidelines
using AOT 425 software20. Graded doses of the alkoloidal
fraction of Alstonia scholaris  were dissolved in distilled water
were administered  orally  and  the  animals  were  observed
for 2 weeks following administration. Body weight, food
consumption, fluid intake and psycho-motor activities were
recorded daily.

Dosages of AFEAS and standard drugs used: Freshly
prepared aqueous solution of AFEAS in the three different
dosages (20, 40 and 80 mg kgG1) were administered to animals
orally for 7 days. On  8th  day,  the  disease was induced  by
acetic acid. The drug treatment was continued even after
administration of acetic acid. Standard drug used for
comparison was prednisolone. Prednisolone  was  not  given
as pre-treatment. It was given on the day of acetic acid
administration at a dose of 2 mg kgG1 dayG1 orally.

Induction of colitis and drug treatment schedule: Colitis was
induced according to the previously described procedure21,22.
Rats were randomly divided into following groups of 6 rats as
follows:

C Group 1: Normal animals (N): Received 1 mL of distilled
water (10 mg kgG1, p.o.) for 12 days

C Group 2: Acetic acid control animals (AA Control): 
Received 2 mL of 4% acetic acid solution (once,
intrarectally)  and  distilled  water  (10  mg kgG1, p.o.) for
12 days

C Group 3: Prednisolone (2 mg kgG1) treated animals
(Pred 2):  Received  prednisolone  (2  mg  kgG1,  p.o.,  for
5 days) and acetic acid (2 mL of 4% solution, once,
intrarectally). Prednisolone and acetic acid treatment
were started on the same day

C Group 4: AFEAS   (20  mg   kgG1)   treated   animals
(AFEAS 20): Received 7 days pretreatment  with   AFEAS
(20 mg kgG1, p.o.) and 2 mL of 4% acetic acid solution,
intrarectally on the 8th day. Drug treatment was
continued until 12th day

C Group 5: AFEAS   (40  mg   kgG1)   treated   animals
(AFEAS 40): Received 7 days  pretreatment  with  AFEAS
(40 mg kgG1, p.o.) and 2 mL of 4% acetic acid solution,
intrarectally on the 8th day. Drug treatment was
continued until 12th day

C Group   6:   AFEAS  (80  mg  kgG1)  treated  animals
(AFEAS (80): Received 7 days pretreatment with AFEAS
(80 mg kgG1, p.o.) and 2 mL of 4% acetic acid solution,
intrarectally on the 8th day. Drug treatment was
continued until 12th day

The AFEAS was administered to rats in the three different
dosages (20, 40 and 80 mg kgG1) for 12 days. On the 13th day,
rats were sequentially anesthetized with anesthetic ether for
about 30-40 sec. Blood was withdrawn by retro-orbital
puncture. Each blood sample was collected into separate vials
for determination of serum parameters.  After blood collection,
the animals were sacrificed by cervical dislocation, the colon
was excised and frozen immediately in liquid nitrogen and
stored at -80EC for further biochemical and histopathological
examination.

Assessment of colonic damage, ulcer area and ulcer index:
The severity of colitis was evaluated by an independent
observer who was blinded to the treatment. For each animal,
the distal  10  cm  portion  of  the  colon  was  removed  and
cut   longitudinally,  slightly  cleaned  in  physiological  saline
to remove fecal residues and weighed. Macroscopic
inflammation scores were assigned based on clinical features
of the colon. The presence of adhesions (score 0-10) and stool
consistency (score 0-4) were evaluated according to the
previously reported method21,22. The evaluation of ulcer area
and ulcer index were performed according to the previously
reported method23,24.

Determination of serum parameters: Serum activities of
lactate dehydrogenase (LDH) and alkaline phosphatase (ALP)
were measured using ultraviolet-visible spectrophotometer
(JASCO-V-530, JASCO Corp., Tokyo, Japan) and commercially
available reagent kits (Accurex Biomedical Pvt. Ltd. and
Pathozyme Diagnostics, India).

Biochemical assays: For colon homogenization, tissue
segments were mixed with 0.1 M phosphate buffer and
homogenized in ice for 60 sec at 10000 rpm in a homogenizer
(Remi Equipment Pvt. Ltd., Remi Motors Ltd., Mumbai, India).
Supernatant of tissue homogenates were employed to
estimate superoxide dismutase (SOD), reduced glutathione
(GSH), lipid peroxidation (MDA content) and nitrite/nitrate
(NO) levels as previously described25-31. The colonic
myeloperoxidase  (MPO)  assay  was  determined   according
to  the previously  described  method32-37.  The  colonic
vascular permeability, xanthine oxidase activity and of protein
carbonyl contents were determined according to previously
reported methods22.
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Determination of serum leptin, colonic TNF-" and IL-1$
levels: Serum leptin, colonic TNF-" and IL-1$ were quantified
by enzyme-linked immunoabsorbent assay according to
instructions provided by manufacturer (Ray Biotech Inc., USA).

Histological examination: Freshly excised colon of one
animal from each group was washed with saline and
preserved in 10% formaldehyde solution for histopathological
studies. Paraffin-embedded tissue sections cut at 5 :m
thickness were prepared and stained after deparaffination
using hematoxylin and eosin stain (H and E). The various
changes in histological features were graded as: grade 0 (not
present or very slight), grade 1 (mild), grade 2 (moderate) and
grade 3 (severe) as described earlier38. Photomicrographs were
captured at a magnification of 40 and 100x.

Statistical analysis: All the results were expressed as
Mean±SEM. Data analysis was performed using GraphPad
Prism 5.0 software (GraphPad, San Diego, CA). Statistical
comparisons were made between drug-treated groups and
acetic acid control animals. Data analyzed using one-way
ANOVA followed by Tukey's multiple range test. Data of
macroscopical score and stool consistency was analyzed using
nonparametric Kruskal-wallis ANOVA. A value of p<0.05 was
considered to be statistically significant.

RESULTS

Preliminary phytochemical investigation: The alkaloidal
fraction obtained after vacuum drying yielded a solid residue
which was greenish brown in color. The yield of the  AFEAS
was 1.1% w/w. Preliminary phytochemical  analysis  of  AFEAS

revealed that it contains alkaloids confirmed by Mayer’s test,
Wagner’s test, Hager’s test and Dragendroff’s test.

Acute toxicity testing: Acute toxicity studies of the AFEAS
shows no signs and symptoms such as restlessness, respiratory
distress, diarrhea, convulsions and coma and it was found safe
up to 2000 mg kgG1.

Acetic    acid-induced  colitis
Effect of AFEAS on acetic acid-induced alterations in body
weight, colon weight, food  intake,  water  intake,  ulcer
area and ulcer index: The body weight was decreased
significantly   (197.52±4.88  g,  p<0.05)  and  colon  weight
was increased (3.84±1.01 g, p<0.05)  significantly  in  the
acetic acid control group as compared to normal group
(230.5±4.78    and 1.78±0.55 g).  Administration  of  AFEAS
(40 and 80 mg kgG1, p.o.) significantly increase (p<0.05) body
weight (220.11±3.68  and 228.48±4.78 g) and significantly
decreased the colon weight (2.88±0.85  and 2.60±0.48 g) as
compared to acetic acid control group. In the present study,
acetic acid induced colitis exhibited significantly decreased
(p<0.05) in food and water intake in acetic acid control rats
(64.60±5.69  and 103.00±5.69 mL) as compared with normal
(151.4±3.82  and  180.6±3.77  mL).  Administration of AFEAS
(40 and 80 mg kgG1, p.o.) significantly inhibited  (p<0.05)
acetic  acid  induced  decreased  food  intake  and  water
intake (99.70±7.22 and 125.8±7.26 g, 146.3±5.64 and
174.3±6.48 mL, respectively) as compared to acetic  acid 
control  group (Table 1).

Rectal administration of 4% acetic acid produced ulcers of
the colon of acetic acid control rats. The mean ulcer area of the
acetic   acid   control   group  was  (41.22±2.48  mm2) showed

Table 1: Effect of AFEAS on acetic acid-induced alterations in body weight, colon weight, food intake, water intake, ulcer area, ulcer index, macroscopic score and stool
consistency score of rats

Parameters Normal Acetic acid control Prednisolone (2) AFEAS (20 mg kgG1) AFEAS (40 mg kgG1) AFEAS (80 mg kgG1)

Body weight (g) 230.50±4.78 197.52±4.88# 227.44±3.78*,$ 204.63±5.55 220.11±3.68*,$ 228.48±4.78*,$

Colon weight (g) 1.78±0.55 3.84±1.01# 2.22±0.48*,$ 3.45±0.24 2.88±0.85*,$ 2.60±0.48*,$

Food intake (g) 151.40±3.82 64.60±5.69# 131.00±6.21*,$ 81.04±9.12 99.70±7.22* 125.80±7.26*,$

Water intake (mL) 180.60±3.77 103.00±5.69# 167.20±5.11*,$ 11.20±6.99 146.30±5.64* 174.30±6.48*,$

Ulcer area (mm2) 0.00±0.00 41.22±2.48# 7.45±0.43*,$ 35.11±2.89 24.62±2.78* 10.78±2.55*,$

Ulcer index 0.00±0.00 70.11±1.48# 10.55±1.78*,$ 40.12±3.02 28.96±1.11* 15.42±3.02*,$

Inhibition (%) - - 88.42±0.00 14.63±0.00 38.96±0.00 80.45±0.00
Macroscopic score 0.00±0.00 7.20±0.11# 1.80±0.37*,$ 6.60±0.50 4.20±0.20* 2.80±0.37*,$

Stool consistency score 0.40±0.10 3.60±0.37# 1.00±0.10*,$ 3.20±0.10 2.40±0.40* 1.40±0.37*,$

Data are expressed as Mean±SEM (n = 5) and analyzed by one-way ANOVA followed by Tukey's multiple range test, data of macroscopical score and stool consistency
was analyzed using nonparametric Kruskal-Wallis ANOVA followed by Tukey's multiple range test, *p<0.05 as compared to acetic acid control group, #p<0.05 as
compared to the normal group as well as sham control group and $p<0.05 as compared to one another, AFEAS: Alkaloidal fraction of Alstonia scholaris  from the
ethanolic extract of leaves
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significantly high (p<0.05) ulcerogenic effect of acetic acid.
Administration of AFEAS (40 and 80 mg kgG1, p.o.) significantly
decreased the ulcer area (24.62±2.78 and 10.78±2.55 mm2,
p<0.05) as compared to acetic acid control group. The mean
ulcer index of the acetic acid control group (70.11±1.48) was
significantly higher than normal rats. Administration with
AFEAS  (40  and  80  mg  kgG1,  p.o.)  significantly  decreased
the ulcer index (28.96±1.11 and 15.42±3.02, p<0.05) as
compared to acetic acid control group (Table 1).

Effect of AFEAS on acetic acid-induced alterations in
macroscopic scores and stool consistency: The colons of the
rats were examined macroscopically for signs of hemorrhage
and ulceration by an independent blinded observer, unaware
of treatment schedule using a previously established scoring
system. Colons from acetic acid administered rats showed
significantly (p<0.05) higher macroscopic score (7.20±0.11)
and stool consistency (3.60±0.37) as compared to normal rats.
Rats treated with the AFEAS (40 and 80 mg kgG1, p.o.) showed
significantly improved macroscopic scores (4.20±0.20 and
2.80±0.37, p<0.05) and stool consistency (2.40±0.40 and
1.40±0.37, p<0.05) compared with acetic acid control rats.
Prednisolone-treated rats (2 mg kgG1 dayG1) also showed
significantly decrease macroscopic score (1.80±0.37,  p<0.05)
and stool consistency (1.00±0.10, p<0.05) as compared to
acetic acid control rats (Table 1).

Effect of AFEAS on acetic acid-induced alterations in serum
LDH, colonic nitrite level, colonic xanthine oxidase and
colonic protein carbonyl content: Table 2 summarizes the
effect of AFEAS on serum LDH, colonic nitrite level, colonic
xanthine oxidase and colonic protein carbonyl content of
acetic acid treated animals. The acetic acid control rats
showed a significantly increased (p<0.05) serum LDH
(187.4±12.96 U  LG1), colonic nitrite level (67.96±2.62 µg mgG1

of wet tissue), colonic  xanthine  oxidase  (5.81±0.35  U  mgG1

of  protein)  and  colonic  protein  carbonyl  content
(1.77±0.09   nmol   mgG1   of   protein)  as  compared to
normal rats. These increased in  serum LDH (124.04±7.73 and

84.45±8.65 U LG1), colonic nitrite level (44.40±3.88 and
32.44±2.53 µg mgG1  of  wet  tissue),  colonic  xanthine
oxidase   (3.46±0.35   and  2.21±0.22  U  mgG1  of  protein)
and colonic protein carbonyl content (1.29±0.10 and
1.11±0.06 nmol mgG1 of protein) were significantly
attenuated   (p<0.05)   in   the   AFEAS   treated  rats  (40  and
80 mg kgG1, p.o., p<0.05). Prednisolone (2 mg kgG1 dayG1)
treated rats also showed significantly decrease  (p<0.05)
serum LDH (73.52±7.59 U LG1), colonic nitrite level
(30.56±2.00 µg mgG1 of wet tissue), colonic xanthine oxidase
(1.99±0.18 U mgG1 of protein) and colonic protein carbonyl
content (1.11±0.11 nmol mgG1 of protein) as compared to
acetic acid control rats (Table 2).

Effect of AFEAS on acetic acid-induced alterations in colonic
SOD and GSH concentrations: Induction of colitis produced
a significant decrease (p<0.05) in colonic SOD and GSH
content as compared with the normal group. The AFEAS (40
and 80 mg kgG1, p.o.) treatment significantly increased
(p<0.05) SOD and GSH  content  as   compared  with  acetic 
acid control group. Prednisolone (2 mg kgG1 dayG1) treatment
also significantly inhibited (p<0.05) decreased SOD and GSH
induced by acetic acid (p<0.05) as compared to acetic acid
control rats (Fig. 1a, b).

Data are expressed as Mean±SEM (n = 6) and analyzed
by one-way ANOVA followed by Tukey's multiple range test.
The *p<0.05 as compared to TNBS control group, #p<0.05 as
compared to normal group and $p<0.05 as compared to one
another. Alkaloidal fraction of Alstonia scholaris  (AFEAS) from
the ethanolic extract of leaves.

Effect of AFEAS on acetic  acid-induced  alterations in
colonic malondialdehyde and MPO concentration: Colonic
malondialdehyde concentration and MPO level in the acetic
acid control group increased (p<0.05) as compared to the
normal group. When compared with acetic acid control rats,
treatment of rats with AFEAS (40 and 80 mg kgG1, p.o.)
produced a significant decrease (p<0.05) in  lipid peroxides
concentration     and     MPO    level   (p<0.05).   Prednisolone

Table 2: Effect of AFEAS on acetic acid-induced alterations in serum LDH, colonic nitrite level, colonic xanthine oxidase and colonic protein carbonyl content of rats
Colonic nitrite level Xanthine oxidase Protein carbonyl content

Treatments Serum LDH levels (U LG1) (Wet tissue µg mgG1) (Protein U mgG1) (Protein nmol mgG1)
Normal 31.30±5.54 24.78±0.96 1.04±0.25 0.86±0.06
Acetic acid control 187.40±12.96# 67.96±2.62# 5.81±0.35# 1.77±0.09#

Prednisolone (2) 73.52±7.59*,$ 30.56±2.00*,$ 1.99±0.18*,$ 1.11±0.11*,$

AFEAS (20 mg kgG1) 149.46±8.54 60.66±3.64 5.14±0.42 1.72±0.07
AFEAS (40 mg kgG1) 124.04±7.73* 44.40±3.88* 3.46±0.35* 1.29±0.10*
AFEAS (80 mg kgG1) 84.45±8.65*,$ 32.44±2.53*,$ 2.21±0.22*,$ 1.11±0.06*,$

Data are expressed as Mean±SEM (n = 6) and analyzed by one-way ANOVA followed by Tukey's multiple range test, *p<0.05 as compared to TNBS control group,
#p<0.05 as compared to normal group and $p<0.05 as compared to one another, AFEAS: Alkaloidal fraction of Alstonia scholaris  from the ethanolic extract of leaves

174



Pharmacologia 7 (4): 170-181, 2016

30

25

20

15

10

5

0

G
S

H
 (

g 
m

g
 p

ro
te

in
)

G1

#

*

(b) *,$
*,$

15

10

5

0

S
O

D
 (

U
 m

g
 o

f 
pr

ot
ei

n)
G1

#

(a)

*,$
*,$

*,$

100

80

60

40

20

0

M
D

A
 (

nM
 m

g
 o

f 
pr

ot
ei

n)
G1

#

*

(c)

Nor
m

al

AA co
ntr

ol

Pr
ed

 (2
)

AFEAS (2
0)

AFEAS (4
0)

AFEAS (8
0)

Treatments

*,$

*,$

30

20

10

0
M

P
O

 (
U

 g
)

G1

#(d)

Nor
m

al

AA co
ntr

ol

Pr
ed

 (2
)

AFEAS (2
0)

AFEAS (4
0)

AFEAS (8
0)

Treatments

*,$

*,$

*,$

Fig. 1(a-d): Effect of AFEAS on acetic acid-induced alterations in colonic (a) SOD, (b) GSH, (c) MAD and (d) MPO levels of rats

(2 mg kgG1 dayG1) treatment also showed significant decreased
(p<0.05) in MDA and MPO levels as compared to acetic acid
control rats (Fig. 1c, d).

Effect of AFEAS on acetic acid-induced alterations in colonic
vascular permeability: In acetic acid control rats, the level of
evans blue was significantly elevated (p<0.05) as compared to
normal rats. The AFEAS (40 and 80 mg kgG1, p.o.) treated rats
showed significant inhibition (p<0.05) of this elevated
concentration   of   Evans   blue   in  the  colon  as  compared
to   acetic   acid  control  rats.  Treatment  with  prednisolone
(2 mg kgG1 dayG1) also significantly attenuated (p<0.05) this
elevated levels of evans blue as compared to acetic acid
control rats (Fig. 2a).

Effect of AFEAS on acetic acid-induced alterations in serum
leptin concentrations: The acetic acid colitis was associated
with significantly decreased (p<0.05) level of serum leptin as
compared to normal rats. In the groups treated with  AFEAS
(80 mg kgG1, p.o.), the serum leptin level was significantly
increased (p<0.05) as compared with acetic acid control
group. Treatment with prednisolone (2 mg kgG1 dayG1) also
significantly increased (p<0.05) this serum leptin level as
compared to acetic acid control rats (Fig. 2b).

Data are expressed as Mean±SEM (n = 6) and analyzed
by one-way ANOVA followed by Tukey's multiple range test.
The *p<0.05 as compared to TNBS control group, #p<0.05 as
compared to normal group and $p<0.05 as compared to one
another. Alkaloidal fraction of Alstonia scholaris  (AFEAS) from
the ethanolic extract of leaves.

Effect of AFEAS on acetic acid-induced alterations in colonic
TNF-" and IL-1$ concentration: Colonic TNF-" and IL-1$
levels in the acetic acid control group were significantly
increased (p<0.05) as compared to the normal group. This
elevated levels of TNF-" and IL-1$ were significantly
attenuated   (p<0.05)   by   treatment   with   AFEAS  (40  and
80 mg kgG1, p.o.) as compared to acetic acid-induced colitis
group. Prednisolone (2 mg kgG1 dayG1) treatment also showed
significant decreased (p<0.05) in colonic TNF-" and IL-1$
levels as compared to acetic acid control rats (Fig. 2c, d).

Effect of AFEAS on acetic acid-induced alterations in colon
histopathology: Colon tissue from normal rats depicted no
inflammatory cells in the lamina propria and the epithelium
remained intact. However, it showed presence of mild
inflammatory infiltration (Grade 1) and edema (Grade 1) in
submucosa (Fig. 3a). The colon tissue from acetic acid control
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Fig. 2(a-d): Effect of AFEAS on acetic acid-induced alterations in (a) Colonic vascular permeability, (b) Serum leptin, (c) Colonic
TNF-" and (d) Colonic IL-1$ concentration of rats

Fig. 3(a-f): Effect of AFEAS on acetic acid-induced alterations in on acetic acid-induced alterations in colon histopathology,
photomicrographs of colon sections image of (a) Normal rat, (b) Acetic acid control rat, (c) Prednisolone (2 mg kgG1)
treated rat, (d) AFEAS (20 mg kgG1) treated rat, (e) AFEAS (40 mg kgG1) treated rat and (f) AFEAS (80 mg kgG1) treated
rat, H and E stain images (at 100x magnifications) are typical representative of each study group, AFEAS: Alkaloidal
fraction of Alstonia scholaris  from the ethanolic extract of leaves
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Table 3: Effect of AFEAS on acetic acid-induced alterations in pathological changes of rat colon
Mucosal epithelium Crypts Lamina propria Submucosa
-------------------------- ---------------------- ---------------------------------------------------------- ----------------------------------------------------------

Treatments Ulceration Mucus depletion Mononuclear infiltrate Granulocyte infiltrate Mononuclear infiltrate Granulocyte infiltrate Edema
Normal 0 0 0 0 + + +
Acetic acid control +++ +++ +++ +++ +++ +++ +++
Prednisolone (2) + 0 + + + + 0
AFEAS (20 mg kgG1) +++ +++ ++ ++ +++ +++ +++
AFEAS (40 mg kgG1) +++ ++ ++ ++ ++ ++ ++
AFEAS (80 mg kgG1) + + 0 + + ++ +
0: None, +: Mild, ++: Moderate, +++: Severe and AFEAS: Alkaloidal fraction of Alstonia scholaris  from the ethanolic extract of leaves

rats showed histopathological features including edema  in
the submucosa, cellular infiltration, hemorrhages, necrosis,
congested capillaries in lamina propria, dense inflammation of
lymphocytes and complete lost goblet cells (Grade 3) (Fig. 3b).
When compared with acetic acid control group, prednisolone
(2 mg kgG1 dayG1) treatment also showed a decrease in
ulceration, hyperemia, necrosis, edema, cellular infiltration,
hemorrhages and goblet cell hyperplasia (Grade 1) (Fig. 3c).
However, administration of AFEAS (20 mg kgG1, p.o.) did not
show any protection against acetic acid induced colonic
damage (Fig. 3d). Colon tissue from AFEAS (40 and 80 mg kgG1,
p.o.) treated rats showed attenuated extent and severity  of
the histological signs of  cell  damage  (Grade  1)  induced  by
acetic acid. However, still it showed moderate inflammatory
infiltration (Grade 2) in the submucosa (Fig. 3e, f and Table 3).

DISCUSSION

Although, the pathogenesis of IBD is yet not clear,
however, literature is punctuated with evidence that
uncontrolled immunological processes and Reactive Oxygen
Species (ROS) are responsible to disturbed the normal
structure of the tissue and cause the tissue injury in IBD21. The
failure of the defense mechanism of the antioxidant is likely to
be responsible as a causative factor in IBD. The tissue injury is
also correlated with the rate of production of the toxic oxidant
and the capability of the antioxidant defense mechanism.
Acetic acid induced IBD model is well-established and
reproducible animal model of ulcerative colitis as it mimics
most of the clinicopathological characters of human IBD10.
Moreover, it also resembles the histopathological appearance
that exhibited in the clinical pathophysiology of the ulcerative
colitis.

In the present investigation, intrarectal administration
acetic acid caused epithelial necrosis, edema which that
extended into lamina propria, submucosa and external muscle
layer. It has been reported that inflammation occurred mucosa
and submucosal layer associated with the arachidonic acid
pathway1.   The  significant  increase  in  the  colonic  mucosal

damage assessed by high macroscopical score indicated
induction of necrosis and ulceration by intrarectal instillation
of acetic acid. Moreover,  the elevated wet weight of colon
also indicated the edema and inflammation in the colon.
However, administration of AFEAS significantly decreased
colon weight, ulcer area and macroscopic scores, which may
be due to its anti-inflammatory potential. The fecal matter of
the  rat treated with  acetic  acid  contained  mucous  and 
blood in the early phase and the later phase  the  frequency 
of  the fecal is increased with the blood and mucous. Whereas,
administration of AFEAS significantly decreased stool
consistency score reflected by decreased in the mucous and
bloody stool.

Lactate dehydrogenase is an enzyme which plays a vital
role in energy metabolism and it present in the cell
cytoplasm22,39. Activation of this enzyme leads to cellular
damage (schreiber s). Acetic acid treatment induces epithelial
damage which was confirmed by increased in the LDH level22.
This overproduction of LDH enzyme is counteracted by
treatment with AFEAS.

Oxidative stress played a key role in the pathogenesis of
ulcerative colitis40. The SOD plays a crucial role in systemic
protection against inflammation41-44. By terminating free
radicals, it suppresses the lipid peroxidation in colon via
conversion of superoxide into peroxide (H2O2)45-47. Intrarectal
administration of acetic acid resulted in mucosal injury in
colon tissue which is the result of the inability of oxidative
radical scavenging and detractive SOD activity22. The result of
present investigation is in accordance with findings of
previous investigator where detractive SOD activity in the
acetic acid control group showing uncontrolled oxidative
stress22. However, administration of AFEAS increased the SOD
activity by virtue of its free radical scavenging potential.

Glutathione is one of the major constituents of
intracellular protective mechanisms, which provide protection
against various noxious stimuli, including oxidative stress48-51.
It is the main component of the endogenous protein and it is
capable of repairing membrane lipid peroxides by interacting
with free radicals to yield more  stable  elements52,53. Reduced
GSH is known to be a major low molecular weight scavenger
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of free radicals in the cytoplasm, limiting the propagation of
free-radical reactions. Glutathione has the ability to repair
membrane by interacting with free radicals and capitulating
more   stable  element54-56.  In  the  present  investigation,
acetic acid induced elevated free radical production, where
administration of AFEAS decreased this free radical production
via increasing activity of GSH.

Malonaldehyde serves as a marker of lipid peroxidation
and it interacts with DNA and protein which leads damage of
lipid membrane57-59. Furthermore, MPO plays a vital role in the
formation of reactive oxygen species and oxidation of
biological material together with membranous nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase60-62. The
MPO serves as a hallmark of neutrophil infiltration. The result
of present investigation showed that treatment with AFEAS
attenuates the elevated MDA and MPO level.

The NO is free radical and plays important role as a
universal messenger. It is produced by iNOS in the
pathological condition63,64. NO produces peroxynitrile radical
by interacting with superoxide65,66. Overproduction of NO
leads to direct cytotoxicity, vasodilation and activation of
neutrophils this exacerbate the clinicopathological feature of
ulcerative colitis. Various authors demonstrate this elevated
NO production after intrarectal acetic acid instillation. In
present study also, colonic instillation of acetic acid is
associated with elevated NO levels. However, AFEAS treatment
reduced thus overproduced NO.

The extent of the mucosal damage is dependent upon
the vascular permeability of the colonic mucosa22. Increased
vascular permeability is a rate limiting step in the mucosal
damage produced by acetic acid67,68. Hence decreased
vascular permeability may play a vital role the mechanism of
mucosal protection. Decreased spread of evans blue by
treatment of AFEAS exploration it's ulcer protective potential.

Xanthine Oxidase (XO) is the primary biological source of
SOD and is considered an important mediator in supplying the
active oxygen radical in free radical induced lesions22. The level
of XO elevated in stressful conditions. The elevated level of
protein carbonyl content is a hallmark of oxidation-induced
damage. Under oxidative conditions Reactive Oxygen Species
(ROS) mediated protein oxidation leads to high levels of
Protein Carbonyl Content (PCC) in the tissues22. Acetic acid
instillation is associated with elevated XO and protein carbonyl
content via production of oxygen free radicals. In present
study elevated XO and protein carbonyl content were reduced
by AFEAS, which may be due to its antioxidant and anti-
inflammatory potential.

Leptin is a fat tissue-specific protein and leptin receptor
are part of the class 1 cytokine receptor family which reveals
the biological action  of  leptin  and  this  family   also  includes

gp-120 common signal transduction receptor for the IL-6
related family of cytokines69,70. The distorted mucin structure
and leptin binding or deficit mucin formation is associated
with a disturbance in normal intestinal function. Thus, leptin
is considered as not only regulatory in food function but also
its vital role in other different biological process. In present
study leptin level was decreased in serum reflected in
decreased food intake whereas, administration of AFEAS
increased serum leptin level which in turn increase food
intake.

Overproduction of inflammatory mediators (TNF-"  and
IL-1$) in IBD lead to a positive inflammatory feedback loop
which can produce toxic peroxide anions, proteases and
oxygen/nitrogen radicals and cause indiscriminate tissue
damage49. Administration of alkaloidal fraction of Alstonia
scholaris  countered the overexpression of the inflammatory
mediators such as TNF-" and IL-1$.

Prednisolone as an anti-inflammatory agent decreases the
recruitment of macrophages in the affected area and
suppresses the synthesis of many inflammatory mediators,
e.g., production of IL-1 from monocytes, production of IL-2
and tumor necrosis factor from lymphocytes21. In present
study administration of prednisolone suppressed synthesis of
inflammatory mediators and also decreased conscription of
macrophages in the affected area which may be due  to  it
anti-inflammatory activity.

CONCLUSION

In conclusion, treatment of alkaloidal fraction of Alstonia
scholaris   ameliorates  acetic  acid  induced  colitis  by virtue
of its anti-inflammatory and anti-oxidant  potential  via
inhibition of production oxido-inflammatory mediator and
pro-inflammatory cytokines.
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