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ABSTRACT

The present study investigated the possible pigtedffect of tannins isolated from Lagerstroenj@cosa L.
leaves against ethanol and cold stress inducedrigadamage. In ethanol induced model, gastric daenags
induced by ethanol, one hour after tannin admiaistm by a single dose whereas in cold restrainésg model
tannins were administered for seven days and wargsted to cold stress for 4 hours and animalsevgecrificed
and the stomachs were taken for biochemical antbaghological analysis. Nitric oxide scavengingiety and
FRAP assay proved the in vitro antioxidant actiyipssessed by the tannins. The tannins isolatedl frospeciosa
were found to be very effective that it protectsiiucosa by 72.48 % in ethanol induced model antP65n cold
restraint stress model by 50mg/kg. The severityasfric lesions was markedly decreased by the adiration of
tannins in both models. Administration of tannifgngicantly increased both gastric mucous and piotcontents.
Tannins increased the GSH level and decreased fipidxidation dose dependently. It can be conclutiet the
protective effects of tannins in gastric mucosarasgliated atleast partially by upregulation of axidant system.

Keywords:. L. speciosagastric mucosa, stress, ethanol, tannins

INTRODUCTION

India is one of the richest floristic regions oktlvorld and has been a source of plants and thettupts since
antiquity and man uses them in different ways adiogrto his needs, particularly as food and medickmong the
entire flora, 35,000 to 70,000 species have beed @ medicinal purpose and number of them is deedilcer
[1]. Considering the morbidity caused by pepticeuldisease and dyspepsia over the world, cheapeasitly
available treatments will always be in demand esfigdor the people of non-industrialized counsri@].

Lagerstroemia speciosa&alled as banaba, is a tropical plant found imyngarts of Southeast Asia including the
Philippines, Vietnam, Malaysia, India and south€hina. The ellagitannin Lagerstroemin and gallotarfenta-O-
galloyl-glucopyranose (PGG) were identified as sahthe effective components of the banaba extesgonsible
for its activity. L. speciosaehas become relatively popular in the form of Hepltomoting tea products in Eastern
Asia and the United States [3]. Tannins are a grmfupompounds belonging to the phenolic class cbsdary
metabolites in plants and have the ability to camplith proteins through nonspecific forces sucthgdrogen
bonding and hydrophobic effects and also throughalemt binding [4] and were associated with angubgenic
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activity in plants [5]. The flower of. speciosaeported to have antimicrobial and free radicalvenging activity

[6].

Gastric hyperacidity and gastro-duodenal ulcersilaresses that affect a considerable number ofpleen the
world and are considered a very common global probioday. They are induced by several factors famgple
stress, smoking, nutritional deficiencies and itigasof non-steroidal anti-inflammatory drugs [M4 etiology of
gastro-duodenal ulcers are influenced by variougessive and defensive factors, such as acid-pesgsiretion,
parietals cell, mucosal barrier, mucus secretidopd flow, cellular regeneration, endogenous ptbtecagents
(prostaglandins and epidermic growth factor[8cThe modern approach to control gastric ulderais to inhibit
gastric acid secretion, to stimulate epithelial gebliferation for effective healing. Antioxidargctivity has also
been studied as the role of the ROS in ulcers fimit2[9]. Reactive oxygen species (ROS) have ks@wn to be
to be involved in the etiology of many inflammatatigorders of the gastrointestinal system [10]sTikievidenced
by the increased oxidative stress by pro-ulcerdticéors in the gut such &b pylori, [11] use of non-steroidal anti-
inflammatory drugs [12], psychological stress €t8][ The aim of the current study was to examiredffects of
tannins in ethanol and cold stress induced ulcetaisoon rats, and to evaluate its effects on oxidad antioxidant
parameters in rat stomach tissue.

EXPERIMENTAL SECTION

2.1 Plant material

The leaves ofagerstromia speciosh. (L. speciosawas collected from the premises of Amala Ayureddospital,
Thrissur, Kerala, India. The plant material wasnitfeed by Dr. C.N. Sunil, Department of Botany, SfN.M.
College, Maliankara and was authenticated at BothrBurvey of India, Coimbatore. The voucher speadnt.
speciosaBSI| No. 62373) has been kept in Fr. Gabriel Hedmay Amala Ayurvedic Hospital and Research Centre,
Thrissur.

2.2 Animals

Male Wistar rats (180-200g) were purchased from IEf@mals Breeding Station, (SABS) Kerala Agriaudal

University, Mannuthy, Thrissur, India and were képta week under environmentally controlled coiadis (12h
light-dark cycle at 22-24°C of temperature and Hdityi70-75%) with free access to pelleted food (Baiga foods,
Bangalore) and water.

2.3 Isolation and estimation of tannins

The crude tannins were isolated from thespeciosaaccording to the method of Reddy al, [14] (2007) with
slight modifications. The powdered plant materialh@ plants material were warmed with water foeehhours and
concentrated to dryness. This extract is succdggpagtitioned with ethyl acetate and n-butanoleTdthyl acetate
portion was subjected to column chromatography gusitica gel and is eluted with methanol and waiere
removal of solvent from methanol portion affordednins. Normal TLC was carried out on pre-coatbdasgel 60
F 54 plates (Merck) with CHGI MeOH: AcOH (7:2.5:0.5) and sprayed with 5% Fe®@hich gave bluish black
colour and confirmed as tannins.

The tannin content . speciosawas estimated spectrophotometrically by Folin-Bemethod. The method is
based on oxidation of the molecules containingenplic hydroxyl group. Phosphotungstomolybdic asiceduced
by tannins in alkaline solution to produce a higbbfoured blue solution; the intensity of whichpi®portional to
the amount of tannin and estimated against startdardc acid solution at wavelength of 775 %] . Calibration
curve from standard solution of tannic acid wagppred and with the help of this curve the tanninteots of the
extract was estimated. The linear correlation betwthese concentration (x-axis) and absorbanceigy-aere
graphically presented and the slope (b), inter¢aptand coefficient correlation(r) were calculataat for linear
equation (Y =bx + c) by regression analysis ushrgléast square method [16].

2.4 High performance thin layer chromatogragfytannins

The High Performance Thin Layer Chromatography (HE)Tstudies of tannins werearried out on a pre-coated
silica gel plate (0.2 mm, Merck 60 F 254, Germaay)the stationary phase, and chloroform/metharediaeacid
(7:2.5:0.5 as the mobile phase. The extract was spottedbasiéh using a Camag Linomat IV applicator (CAMAG,
Switzerland). The plates were observed in the Mgiggion after derivatization using 5% ferric afidie reagent.
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2.5 Nitric oxide scavenging and Ferric Reducingiéxitiant Power (FRAP) Assay

Nitric oxide scavenging activity of extract is deténed using griess reagent [17].The reaction mécand different
concentrations of tannins were incubated &C2fwr 150 min. The scavengers of nitric oxide cotapeith oxygen
leading to the reduced production of nitric oxidehe capability to scavenge the nitric oxide raldwas calculated
by using the following equation.

% Inhibition= [1-Absorbance of sample/ Absorban€eantrol]x100

The ferric reducing ability was measured by Pulédal [18]. An intense blue color complex was formed whe
ferric tripyridyltriazine (F&" TPTZ) complex was reduced to the ferrous’(Feorm. A calibration curve was plotted
against FeS@Qin the range 0-1 mM concentration with absorbaatce95 nm.

2.6 Anti ulcerogenic activity of tannins by ethammluced gastric model

Male Wistar rats weighing between 200-225g weréethor 18 hours and deprived of water for 12 haqarisr to
the experiments. They were divided into five groopsix animals each. Acute gastric ulceration wakiced by
absolute ethangl9]. Group | rats were served as normal. Groupdk kept as control (Absolute ethanol (96%)
5ml/kg intra-gastrically). Group Il rats were giveanitidine (25mg/kg) which was used as standaug) éh this
experiment. Group IV and V were given different eosf tannins (10 and 25 mg/kg) respectivElyoup 1V and V
were pretreated (orally) one hour before with itdatannins as a single dose. The gastric antetsgr drug
ranitidine was given to group Il of animals 30 miies before the ulcerogenic agent as the single. dds normal
group received only the normal saline. After onarhof ethanol administration animals were killelde tstomach
was excised, opened along the greater curvatutewashed gently in ice-cold saline. The stomachgiteivas
noted and the extent of erosion of stomach mucasa & scoring system. The severity of mucosal tesiwas
scored as ulcer index as follows. 0=no pathologyg 4mall ulcer (1-2 mm); 2=a medium ulcer (3-4m#éva large
ulcer (5-6mm); and 5=a larger ulcer (>6mm). The safnthe total scores divided by the number of afémeas
expressed as the mean ulcer index.

2.7 Histopathological evaluation

The total stomach was washed with normal salinettier lesions and measurement of ulcer index. Hatheo
stomach was taken and fixed in 10% formalin embéddegaraffin and stained with haematoxylin andirdsl &
E). The histological study was performed usingghtlimicroscope.

2.8 Anti ulcerogenic activity of tannins by coldtrint stress induced model

The rats were divided as per the above method.ifsnere administered for seven days and on thenskewday,
the overnight fasted rats were given test drugsadied 30 minutes they were subjected to cold stf@s4 hours in

a cold chamber at 46 [20]. After the period of immobilization, the saivere sacrificed and the stomachs were
removed for ulcer scoring. The severity of mucdssions was scored as ulcer index as above method.

2.9 Collection of gastric mucosa and biochemicéhestions

Rats were killed by ether anesthesia and the storpadions were removed rapidly, opened along tteatgr
curvature, and rinsed with ice-cold normal salimeroughly. A longitudinal section of gastric tissmas taken from
the anterior part of the stomach and then fixeddOmL/L buffered formalin for 24h. It was cut insections of
5um and then used in histological examination. Gastiicosa was taken from the remaining part of theach by
scraping with a glass slide or blunt knife on asgldish on ice. They were wrapped by a piece ohialum foil,

immediately froze and stored at °@until assayed.

2.10 Determination of nitrite level in gastric mseo

The gastric mucosa was cooled in ice-cold distiNeater before homogenization. The crude homogenai®
prepared using phosphate buffer (pH 7.2) and daged at 21000 g for 20 min at 4°C. Aliquots of tupernatants
were taken to determine nitrite levels. The amoohtstrite were measured in the gastric mucospdsjorming the
Griess reaction. 100 pL of sample were incubatdéld #00 pL of Griess reagent (Sigma) at room tentpezdor 20
min. Nitrite level was determined by measuring #sorbance at 550 nm using a spectrophotometer64nB,
Beckman, Fullerton, California, USA) [18].
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2.11 Determination of gastric wall mucus and tgisdtein

Gastric wall mucus was determined according toptfeeedure of Cornet al [21].The glandular segments from
stomach, which had been opened along their greaterature, were weighed. Each segment was traesferr
immediately to 10 mL of 0.1% w/v alician blue sadut (in 0.16 M sucrose solution, buffered with 0M5sodium
acetate adjusted to pH 5.8 with HCI). After immensfor 2 h, excess dye was removed by two successiges
with 10 mL of 0.25 M sucrose, first for 15 minuiasd then for 45 minutes. Dye complexed with gaswad mucus
was extracted with 10 mL of 0.5M Mgcby shaking intermittently for 1 minute at 30 miesitintervals for 2 hours.
The resulting blue solution was shaken vigorousithvan equal volume of diethyl ether and then thmilsion was
centrifuged at 3000 rpm for 10 min and the absarbaf the aqueous layer against blank standard pgition
was recorded at 580 nm. The quantity of aliciareblecovered from per gram of net glandular tissas tien
calculated. The protein content was quantifiedieyrhethod of Lowret al [22] with BSA as the standard.

2.12 Estimation of Glutathione, MDA and proteinlzamnyl content

Glutathione in the gastric mucosa was determineélbgan’s reaction using 5,5'- dithio-bis- 2-nitbenzoic acid
(DTNB) [23]. The level of TBARS in the gastric mucosa wasasured as malondialdehyde formed (MDA)
according to the method described by Ohkatval., [24] with minor modifications. The amount of pem carbonyl
content was estimated by the following method [25].

2.13 Statistical analysis
Data are presented as mean + Standard Deviatiowg @iaph pad Instat software. Bonferroni test wssduto
analyse the data significance and the results swdrgcted to one-way ANOVA.

RESULTSAND DISCUSSION

Tannins are a large group of polyphenolic compoumtiEh have received attention in recent years tdutheir
claimed ability to cure a variety of diseases [26]vitro antioxidant activity of tannins was carried outngsnitric
oxide scavenging activity. It was found that tasniromL. speciosaequired only 19ug/mL for 50 % inhibition of
radicals. FRAP assay showed that concentratiootaf tannins fronmL. speciosaequired 0.45 mM equivalents of
FeSQ.

The calibration curve for tannic acid was found#linear in the range of 5-45 pg/ml. The correlattoefficient

(r), was found to be 0.9916 indicates the goodhliite between the concentration and the absorb&iope (b) was
found to be 0.0016. The amount of tannins presettie extract was found to be 474pg/mL. HPTLC asialwas
carried out using the extracted tannins framspeciosaand four peaks were obtained. The fourth peak was
identified as gallic acid using as standard. The@#age peak areas of the peaks are 6.32, 3&23 4nd 7.48%
respectively (Data not shown).

The reported medicinal attributes and antioxidanpprty of the plant triggered us to assess thteptive effect of
this against ulcer. In this study, the anti ulcemig effect of tannins was investigated in ratsigsthanol and stress
induced ulcer models. In addition, the effect ofrias on oxidant and antioxidant parameters irst@ach tissue
was evaluated. Ulcers are thought to be due tartbhalances in gastric offensive and defensive maldastors. To
regain the balance, different therapeutic agergauaed to inhibit the gastric acid secretion dodost the mucosal
defense mechanisms by increasing mucus producticstabilizing the surface epithelial cells [27].Tkéhanol
model has been used widely to produce gastric nalciasnage and produces necrotic lesions in theigasticosa
by its direct toxic effect, reducing the secretadrbicarbonates and production of mucus [28]. W&l established
that gastric acid secretion and the products ofstfipoxygenase pathways play a key role in theettgpment of
ulcers, induced by irritant agents such as ethd@8l; and many anti-ulcerogenic drugs act by redgdhe acid
secretion.

In our study no ulcer or erosions were observedais of normal groups indicating that handling amnrgical
procedure had no interference with experimentaputst The mean ulcer score in the control animals w.07
+0.050. The severity of lesions was markedly insegbin control group. The tannins isolated flonspeciosavere
found to be more effective that it protects the asacby 72.48 % by 50mg/kg body weight. Higher dafs&nnins
showed better activity than ranitidine treatmerdlf[€ 1). The gastroprotective effectlofspeciosamight be due to
the decrease in gastric motility and increasedgtsric emptying time. It is reported that the demin gastric
motility may play a role in the development andverion of experimental gastric lesions. Relaxatibrcircular
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muscles may protect the gastric mucosa througtefiatg of the folds. This will increase the mucosisda exposed
to necrotizing agents and reduce the volume ofdghsric irritants on rugal crest. Ethanol produeemarked
contraction of the circular muscles of rat fundigps This leads to ‘mucosal compression’ at the sf the greatest
mechanical stress i.e. at the crests of mucosds felding to necrosis and ulceration [30]

Table 1. Effect of Tannins on ethanol induced gastric ulcersin rats

Treatment

Groups Dose (mg'kg) Ulcer index Inhibition (%o)
Control | = 407 £0.050 -
Fanitidine 25mgkg 1.33 £0.009 6732
Total Tannins 10 mgkg 2.08 =0.031 4889

Total Tannins 23mgksg 1.12 =0.005 7248

The figure 1 showed the result of the total protaimd adherent mucous content of the glandular stbma
Administration of ethanol in control group signdiatly (P<0.001) decreased both gastric mucous aotkip
contents, when compared with normal. Administratidrethanol significantly decreased both gastricous and
protein contents, the inhibition being greatesthia control group. The protein carbonyl content f@amd to be
higher in ulcerated control and reached to neamablevel by the administration of tannins.

Figure 1. Effect of tanninson gastric mucus and protein content in ethanol induced gastric ulcer
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In this study, ranitidine was used as referencg toudelineate in part the mechanism(s), accordaitteprevious
report [31]. Also it is proved that flavonoids pess antiulcerogenic, antigastric; [32] as well biitg to inhibit

acid secretion activities. The control gastric naadmitrite level in ethanol induced model wasrfduo be 59.5
+2.9 nmol/g tissue (Figure 2).The control groupvsbd depletion in the gastric nitrite level to 42B.69 nmol/g
tissue. Tannins showed 46.2+3.109 nmol/g tissueb2n@3 £3.209 nmol/g tissue. In cold stress mot afficacy
of tannins was meaningful and comparable with idini which was kept as standard. In our studynitereduced
ethanol induced gastric damage and increased tloesraignificantly. This may be explained with aretation to
strengthen the defense factors of gastric mucdsea.alcoholic solution gave blue colouration withrife chloride
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indicating the presence of tannins and phenolicpmmds. It is likely that phenolic compounds mayédsponsible
for gastroprotection [33].

Involvement of ROS in pathogenesis of gastric @tien was first evident from the studies on isclemi
reoxygenation-induced gastric mucosal injury [jgrowing body of experimental and clinical evidersuggests
that the gastric mucosal damage caused by ethashlrjon-steroidal anti-inflammatory drugs etc [&mediated
through ROS. There is extensive experimental evid¢hat indicates certain substances, through sgag of free
radicals, protect the gastric mucosa [37]. Thelthibituric acid reactive substance (TBARS) is use@n indicator
of lipid peroxidation and free radical activity lmological samples [38].

Figure 2. Effect of tanninson gagtric nitritelevel in ethanol and cold stressinduced ulcer model
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| OTannins 25 mgkg
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Table 2. Effect of Tanninson gastric mucosa in ethanol induced ulcersin rats

Treatment MDA Protein Carbonvl GSH
Groups (n mols/mg (Lg/mg protein) (n mols'mg
protein) protein)
Normal 0.98=0.13= 0.502 £0.032 30.8x2.61=
Control (3mlkg) 2.31£0.27% 0.984 £0.08* 16.7+1.12%°
Ranitidine (25 mg/kg)| 146=031° 0.392 =0.06°" 256 =1.65
Tannins (10mgkg) 1.35£0.244* 0.690 £0.044* 22 .4 +1 984*
Tannins (25 mgkg) 1.09£0.124=%1 0.569 £0.08="* 26.3 £1.854¢*

Values are mean +S.D, n=6 animals.
*P<0.001, Comparison between normal group with ot®ups
" P<0.001, Comparison between control group witheotiroups
* P<0.01, Comparison between low dose level withéiglose levels of same extract
Alphabets a-e represents the experimental grougsv&:n the groups, same alphabets are not signffibait different alphabets are significant
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In ethanol-induced model, in untreated control gooMDA level was found to be 2.31+ 0.27nmol/mg piot
whereas in tannin treated groups it was observad lipid peroxidation has decreased to 1.35 +0.8wlfmg
protein and 1.09 +£0.12 nmol/mg protein dose depethdeROS also decreases the level of endogenditsxatants
such as GSHy-tocopherol and ascorbate and make the mucosa pnone to oxidative damage [34]. In our study
GSH levels were significantly decreased in ethalohe-administered control group. Administrationtahnins
increased the GSH level dose dependently (Table. 2)

Figure 3 shows the histopathological changes inr#fiegastric mucosa one hour after administratibetbanol.
Figure 3B shows the cell necrosis after ethanoliaidtnation. The standard drug; Ranitidine (Fig.)) #@d tannins
(25mg/kg) treatment (Fig. 3D) reduced the ethamdliced cell necrosis.

The cold stress increased the ulcer index and asimation of ranitidine decreased the level sigmaifitly. The
percentage protection in ranitidine treated groag wnly 36.4% and tannins show a much greatergioteof 35.4
and 55.1% (Table. 3).

Table 3. Effect of Tanninson cold stressinduced gastric ulcersin rats

Treatment Dose (mgkg) Ulcer index Inhibition (%o}
Groups

Control | = ——- 198021 | -
F.anitidine 25 mgkg 126023 364
Total Tannins 10mgkg 1282040 354
Total Tannins 25 mgkg 0.89=x045 351

Table 4. Effect of Tanninson gastric mucosa in ratswith and without ulcersin and cold stressinduced ulcer s ethanol

Treatment Dose (mg/kg) LPO GSH
groups (n mols/mg (nmols'mg
protein) protein)
Nomal |  ——— 0.95=0.19= 3252022
Control |  ———— 242 £0.200 18.2 £1.61%*
Ranitidine 25 mgkg 1.63 £0.27¢" 247 £1.72¢°
Tannins 10mg/kg 1.45+0.184° 23.1 £1 8pbed”
Tannins 25 mgksg 1.12 £0.15adet 283 £1 745711

Values are mean £S.D, n=6 animals
*P<0.001, Comparison between normal group with oth®ups
" P<0.001, Comparison between control group witheotiroups
¥ P<0.01, Comparison between low dose levels wighdr dose levels of same extract
Alphabets a-e represents the experimental grougsv&:n the groups, same alphabets are not signifitait different alphabets are significant
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In cold restraint stress model, ranitidine treageslips showed 1.63+0.27nmol/mg protein from thercbwalue of
2.42+0.20 nmol/mg protein. Tannins showed a dogenident decrease in the formation of lipid perosideSH
levels was found to reduced significantly (P<0.001Lxold stress induce ulcer model. Administrat@fntannins
increased the GSH level significantly in dose delesih manner (Table.4).

Figure 4. Histological structure of gastric mucosa on experimental groups (Ethanol model) A; Normal, B; Control, C; Standard, D;
Tannins

A

Our results revealed that the ethanol induced atiwer was accompanied with a severe oxidative stiesghe
gastric tissues causing damages to key biomolesuel as lipids, proteins etc. This was apparemm fthe
stimulated lipid and protein oxidation leading twrieased accumulation of MDA and protein carbon®SH, an
endogenous sulfhydryl compound, is an importantstuize in the cellular defense system [39]. In dhstric
mucosa, NO also play dual roles in the regulatibgastric mucosal integrity. Tissue injury may réstom a
combination of NO with superoxide anion, yieldinigtily toxic species, which can degrade proteingysres, and
DNA [40, 41]. In both experimental models the tsgastric nitrite level restored the normal levélew compared
with the untreated control. The increment in thetge tissue nitrite in the tannins treated groupshe present
study is therefore indicative for the protectivpasity of endogenous NO.

The exact mechanism of pathogenesis in the etlambtold restraint stress ulcer model has not bdgnknown,
but hypersecretion of gastric acid, deterioratiérihe mucosal resistance and promotion of gastmptging are
among the possible mechanisms [42]. Roughly 50%ewuf chemical entities introduced during the past decades
are from natural products. Recent technologicalaades have renewed interest in natural productdrimy
discovery. Therefore, efforts should be directedamls isolation and characterization of the actiempounds and
elucidation of the relationship between its stroetand activity. Furthermore, detailed analysistlué active
constituents of natural drugs should be directegtds clinical relevance.
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