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Protective effect of ethyl acetate extract of Pongamia pinnata roots on

ethanol-induced gastric mucosal injuries in rats
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Abstract; AIM To investigate the therapeutic effect
of ethyl acetate extract from Pongamia pinnata roots
(PREA) on ethanol-induced gastric lesions. METH-
ODS The experimental gastric mucosal injuries were
prepared by ig ethanol to rats, and the protective effect
of PREA was evaluated by calculating lesion index,
observing pathological changes, and measuring the
contents of nitric oxide ( NO) and malondialdehyde
(MDA ), and the activity of superoxide dismutase
(SOD) from gastric mucosal tissue. In addition, gas-
tric secretary and gastric wall adherent mucus were
studied with the pylorus-ligation rat model. RESULTS
Compared with the model control group, PREA (50,
150 and 450 mg-kg ', ig) dose-dependently preven-
ted the gastric mucosal damages induced by ethanol,
its inhibition rates were 28.7% , 57.7% and 78.7 % ,
respectively. The pathomorphology lesions of mucosal
tissue were obviously ameliorated. PREA obviously an-
tagonized the ethanol-induced elevation of MDA con-
tent, and reduction of NO level and SOD activity of
gastric mucosa. PREA significantly reduced gastric
juice volume, free acidity, total acidity and total acid
output, but didn’t affect the pepsin activity. Moreover,
PREA obviously increased adherent mucus quantity of
stomach wall, as well as free mucus quantity dissolved
in gastric juice of pylorus-ligation rat. CONCLUSION
PREA has protective effect on ethanol-induced gastric
mucosal injuries, which suggests that PREA may be
used for protection or treatment of human ethanol-
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Ethanol-induced gastric lesion is a common
disease in clinics that affects billions of people
health in the globe. But there is not a drug that
can prevent or treat it thoroughly because of its
complex pathogenesis and unknown etiology.
Therefore, the screening and development of
drugs from Chinese medicinal plants for anti-
gastric ulcer induced by ethanol is still in pro-
gress. Pongamia pinnata ( Linn. ) Pierre ( P.
pinnata) is a medium sized glabrous tree popu-
larly known as poongaoil pongamia seeded in
China. P. pinnata grows in the seaside and the
bank of rivers and streams of all over Hainan
Province of China, and planted as avenue trees
in gardens. Different parts of P. pinnata have
been used in medicine for bronchitis, whooping
cough, rheumatic joints and inflammatory disea-
ses. The flavonoids of P. pinnata were one of

" It was repor-

the main chemical ingredients
ted that 7 flavonoids were isolated from ethanol
extracts by the ethyl acetate extract method,
and 70% ethanol extracts had anti-gastric ulcer
effects in pylorus-ligated models'>'. In our lab
the effective fractions from P. pinnata roots on
experimental gastric ulcer had been screened
and found the ethyl acetate extract from P. pin-

nata roots ( PREA) was the effective fraction.
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So in this research the effect of PREA on etha-
nol-induced gastric mucosal lesions in rats was

evaluated.

1 MATERIALS AND METHODS

1.1 Animals and reagents

Male and female Sprague-Dawley ( SD)
rats, 180 — 220 g, were purchased from the
Center of Experimental Animal of Guandong
Province. The certificate number is SCXK
( Yue ) 2003-0002.
polyprolene cages and maintained normal labo-
ratory conditions at 21 —23 “C on a 12 h light-
dark cycle and fed a standard rodent chow and

They were housed in

water.

Alcian blue 8GS ( F20051221) was pur-
chased from Shanghai Chemical Reagent Com-
pany, China National Medicine Group. Detec-
tion kits for nitric oxide ( NO), malondialde-
hyde ( MDA ), superoxide dismutase ( SOD)
and pepsin were from Nanjing Jiancheng Bioen-
gineering Institute. Sodium carboxymethyl cel-
lulose (CMC-Na) was from Guoyao Chemical
Co. , batch number F2005-718.
(Cim) was from Hainan Drug Manufactory
Lid. , batch number 050701.

1.2 Drug preparation

P. pinnata roots were collected in Haikou
( Hainan Province, China) in March 20, 2006
and identified by CHENG Guo-Biao, a tradi-
tional Chinese materia medica ( TCMM ) spe-

Cimetidine

cialist in Institute for Drug Control of Hainan
Province, China. The voucher was deposited at
Institute for Drug Control of Hainan Province,
China. The powder of P. pinnata roots (2. 41
kg) was recirculated 3 times with 70% ethanol
(1:8, V/V) at60°C , 2 h each time. The etha-
nol mixtures were filtered and concentrated un-
der reduced pressure at 60°C with the instru-
ment of turning evaporation. The powdered ex-
tract of ethanol extract was 188.0 g, and the
yield was 7.8% . The powdered extract was ex-
tracted by using sequential petroleum ether and
ethyl acetate for 3 times, and then the powdered

extract of ethyl acetate (49.4 g), PREA, was
obtained after recovering ethyl acetate. The
yield of PREA was 2. 0% . The main compo-
nents of PREA were flavonoids, their content
was 60.9% , determined by TCMM specialist in
Institute for Drug Control of Hainan Province.
PREA and Cim were dissolved in CMC-Na (5 g-
L") to make the suspensions just prior to drug
administration.
1.3 Evaluation of gastric mucosa damage

The rats were randomly divided into 6
groups, including normal, model, PREA (50,
150 and 450 mg-kg™') and Cim (140 mg -
kg™") groups. PREA or Cim was given (ig) to
rats once a day for 5 d except the rats of normal
and model groups, which were given (ig)
0.5% CMC-Na (15 mL - kg™') instead of
PREA or Cim. All rats except that in normal
group were given (ig) 0.8 mL absolute ethanol
(99.5% )"*' 2 h after the last administration of
drugs. One hour later all the animals were sac-
rificed, stomachs were removed and opened a-
long the greater curvature to observe the lesions
macroscopically. Scoring standard was as fol-
lows : intact gastric mucosa was defined as 0;
point-shaped bleeding, point-shaped erosion
and strip-shaped lesion of no more than 1 mm
were all defined as 1; strip-shaped lesion with
width more than 1 mm was doubly scored. Total
scores of every rat were considered as lesion in-
dex. Inhibition ratio of lesion formation (% ) =
(A-B)/A x100% (A, B were the lesion in-
dex of model group and drug-treated group, re-
spectively ) .
1.4 Histological analysis

Strip-shaped tissue specimens from gastric
antrum were quickly cut off under ice bath after
the evaluation of gastric mucosal lesion. The
specimens were fixed in 40 g - L™' neutrally
buffered formaldehyde, embedded in paraffin.
Sections of 5 wm thick were cut, placed on ad-
hesive-coated slides, and stained with hematox-
ylin and eosin (HE) for histopathological anal-
ysis ( cooperated with Department of Histology
and Embryology) .
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1.5 Measurements of NO and MDA con-
tents and SOD activity

After the strip-shaped tissue specimens had
been cut off from rat stomach, gastric mucous
membranes were quickly stripped off from the
rest of stomach on ice. Gastric mucosa homoge-
nates of 10% were prepared with ice-cold sa-
line. Homogenates were centrifuged at 2000 x g
for 10 min at 4°C and the supernatant was saved
for measurement of NO and MDA contents and
SOD activity according to the instructions of
corresponding kits. Protein content was deter-
mined using total protein quantification kit with
the Coomassie-blue method.
1.6 Determination of gastric secretion and
gastric wall adherent mucus quantity

Grouping and administration of the experi-
mental rats were the same as that of ethanol-in-
duced models, but no normal group. From d 3
of the drug administration the rats were fasted,
and 2 h after the fifth drug administration the
pylorus of each rat was ligated under ether anes-

(5]

thesia >’ . The rats were kept being fasted and

5 h later the rats were sacrificed. The stomachs

were removed and the volume of gastric juice
was determined after centrifugation at 2000 x g
for 10 min. Acidity was assessed by titration
against 0. 01 mol - ™' NaOH. The activity of
gastric pepsin was assessed by amino acid deox-
idization method. Adherent mucus quantity of
stomach wall and free mucus quantity dissolving
in gastric juice were measured by Alcian blue
method'® .
1.7 Statistical analysis

The results were expressed as x +s. Statis-
tical analysis was done with SAS system(8.0).
Data were analyzed using F-test, and g-test to
compare the results between every two groups.
P <0.05 was taken as significant.

2 RESULTS

2.1 Effect of PREA on gastric lesions in-
duced by ethanol

In model group the large band like hemor-
rhagic erosions in the glandular stomach was
evident( Fig 1, Tab 1). PREA (50, 150 and
450 mg-kg™') dose-dependently prevented the

Fig 1.

Effect of ethyl acetate extract from Pongamia pinnata roots (PREA) on gastric lesions induced by

ethanol in rats. Drugs were given (ig) once a day for 5 d. Two hours after the last administration, 99.5% ethanol 0.8 mL was ig
to all rats except normal group. One hour later the rats were sacrificed and gastric lesions were observed macroscopically. A: normal;
B: model; C: PREA 50 mg-kg™'; D: PREA 150 mg-kg™'; E: PREA 450 mg-kg™'; F: cimetidine (Cim) 140 mg-kg™'.
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Tab 1. Effect of PREA on gastric lesions induced
by ethanol in rats

Group Dose/mg-kg™' Lesion index  Inhibition rate/%

Normal 0«0

Model 119 £19

PREA 50 85+15™ 28.7
150 50 £19™ 57.7
450 25 +14™ 78.7

Cim 140 3711 69.2

See Fig 1 for the treatments. Total scores of every rat were con-
sidered as lesion index. The scoring standard and inhibition rate
calculation see MATERIALS AND METHODS 1.3. x £s, n=

8. ™ P<0.01, compared with model group.

gastric mucosal damages compared with model
group. The effect of PREA 450 mg-kg ™' was
likely stronger than that of Cim 140 mg-kg™'.
2.2 Effect of PREA on histopathological
changes

The structure of gastric mucosa from nor-
mal group was distinct; intact and uninterrupted
epithelia, gastric fundal gland lining up in order
and no hyperemia. In the model group, it found
the focal and diffuse mucosal epithelia damage ,
edema, split of epithelial lamina propria of mu-
cosa tissue and irregular gland arrangement.
Gastric mucosal capillaries were severely dilated

and congested, and a lot of red blood cells were
exudated out. However, pathomorphological le-
sions of mucosa tissue in the groups pretreated
by PREA (50, 150 and 450 mg-kg ') and
Cim (140 mg-kg™') were obviously ameliora-
ted at different degrees. Especially there were
only dilated capillaries, slight edema and a
small quantity of necrosis tissues in PREA 450
mg-kg ™' group.
2.3 Effect of PREA on NO and MDA con-
tents and SOD activity of gastric mucosa
NO content and SOD activity of gastric mu-
cosa homogenates in model group significantly
decreased compared with that in normal group.
PREA 50, 150 and 450 mg-kg ™' dose-depend-
ently inhibited ethanol-induced decrease of NO
level and SOD activity. MDA content in gastric
mucosa of model group obviously increased
compared with that of normal group. PREA 50,
150 and 450 mg- kg™ significantly prevented
the increase of MDA content compared with that
of model group (Tab 2).
2.4 Effect of PREA on gastric secretion
As shown in Tab 3, PREA (150 and 450
mg - kg™ ) significantly reduced the gastric
juice, free acidity, total acidity and total acid
output. However, all doses of PREA showed no
effect on pepsin activity.

Tab 2. Effect of PREA on nitric oxide (NO) and malondialdehyde (MDA ) contents and superoxide dis-
mutase (SOD) activity of gastric mucosa damaged by ethanol in rats

Group Dose/mg-kg”" N o SOD sy
/pmol-g ™" protein /mmol+g™" protein /mmol-min~ +g~" protein
Normal 3.5+1.2 2.9+0.6 43.8+8.8
Model 2.5+0.7" 6.1+1.7" 29.1+10.3*
PREA 50 4.0+1.3" 3.7+1.0% 40.8 +9.4"
150 5.2+1.4% 2.8+0.5% 52.1+12.8%
450 5.6+1.6" 2.4+0.3" 63.0 £13.5%
Cim 140 4.8+1.2% 3.0+0.8% 46.4 +12.1%

See Fig 1 for the treatments. ¥ =5, n=8 . *P<0.05, ™ P <0.01, compared with normal group; *P <0. 05, *¥P <0.01, compared

with model group.
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Tab 3. Effect of PREA on gastric secretion in pylorus-ligation rats
Group Dose/_ ] Gastric juice Free acidi_t]y Total acidi_t]y Total acid 01ft]put Pepsir'l zicl'tivity_]
mg-kg /ml /mmol - L, /mmol - L, /mmol +h /mgemin~" + L
Model 6.2+0.9 84 +9 112 £15 0.14 +0.03 46 £ 10
RREA 50 5.9+1.0" 81 £13 107 =13 0.12 +0.03 45 £9
150 5.2+0.7" 56 £12™ 8l £16™ 0.08 £0.01 ™ 43 +12
450 4.6+1.2™ 37127 67 £15™ 0.06 £0.03 ™ 45 +10
Cim 140 3.7+1.0™ 41 £9™ 68 £14™ 0.05+0.02™ 33+£8"°

The treatments were the same as Fig 1 except the pylorus-ligation rat model used. x +s, n=8. *P <0.05, ™ P <0.01, compared

with model group.

2.5 Effect of PREA on gastric mucus se-
cretion in pylorus-ligation rats

Tab 4 showed that PREA (150 and 450
mg-kg ') significantly increased adherent mu-
cus quantity of stomach wall. PREA 450 mg -
kg~ also increased free mucus quantity dissol-
ving in gastric juice.

Tab 4. Effect of PREA on gastric mucus secre-
tion in pylorus-ligation rats

Dose/ Adherent mucus of Free mucus dissolving

Group kg™ stomach wall/mg i gastric juice/mg
Model 0.73 £0.27 0.54 £0. 11
RREA 50 0.77 £0.25 0.57 £0.09
150 1.04£0.27" 0.59 £0.10
450 1.21£0.19" 0.64 £0.06°
Cim 140 0.77 £0. 19 0.56 =0. 05

See Tab 3 for the treatments. x +s, n=8. "P<0.05, "P<
0.01, compared with model group.

3 DISCUSSION

Ethanol-induced gastric mucosal damage
in rats is often used as an experimental model
when screening drugs for anti-ulcer activity be-
cause it represents the most common cause of
gastric ulcer in man. Studies in the past have
shown that the 70% ethanol extracts from P.
pinnata roots prevented gastric mucosa lesion

Prabha et al'”’
reported that methanolic extract of P. pinnata

with pylorus ligated models"*’.

roots showed significant protection against gas-
tric mucosal damage induced by aspirin, but

not against ethanol-induced gastric ulceration.
In this study it was demonstrated that PREA
significantly decreased ethanol-induced gastric
mucosa lesion index and obviously relieved
pathological changes. These results did not a-
gree with the results of Prabha et al. It was pos-
sible that the method of building model and the
drug dosage were different.

Endogenous NO has a dual action in the
gastrointestinal tract; protective effect by con-
stitutive nitric oxide synthase (eNOS)/NO and
proulcerogenic effects by iNOS/NO'® . There-
fore, it was suggested that decreasing of NO
content was closely related to gastric mucosal
injury. Our experiment results showed that
PREA previous administration could antagonize
the decrease of NO level induced by ethanol.
Gastrointestinal mucosal can produce a great
amount of oxygen-derived free radicals, which
have high toxicity, when gastric mucosa under-
goes chemical substance stimulation, ischemia,
and disorders of energy metabolism as well as
neurohumor regulation'®’. Gastric mucosa is
damaged by the oxygen-derived free radicals by
the products of lipid peroxidation, such as
MDA. SOD is the first line of defense against
oxygen-derived free radicals. Our results
showed that MDA contents obviously increased
and SOD activity significantly decreased in eth-
anol-induced gastric mucosa and PREA obvi-
ously antagonized the changes.

Ethanol-induced gastric mucosal injury has
been also suggested to be due to impairments in
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. : 10
defensive factors such as gastric mucus "’

When tested on pylorus-ligated rats, PREA in-
creased gastric mucus content, inhibited gastric
secretary volume and reduced free acidity and
total acidity, which suggested its modulation on
gastric secretion. However, PREA did not have
any significant effect on gastric pepsin activity.
PREA  has

effects on ethanol-induced gastric mucosal inju-

In  conclusion, protective

ries and may be useful in the protection or
treatment of gastric damage by ethanol in man.
However, further studies are needed to clarify
the exact mechanism of gastric protective effect

of PREA.
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