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ABSTRACT

Cyclooxygenase-2 (COX-2) expression and prostagtaptbduction are suggested to play important, clamp
roles in the pathogenesis of various liver diseatmdomethacin generates free radicals and induddative and
nitrosative stress with depletion of antioxidaritsthis study, we have evaluated the beneficiacedfof black tea
extract against indomethacin induced liver toxiciye studied the effect of supplementation of Btaakextract
(BTE, 2.5 g tea leaf/dL of water, i.e., 2.5% of @gus BTE, orally) on indomethacin (5mg/kg body ttigp.)
induced liver oxidative and nitrosative stress iisMt strain male albino rats. Hematological paraers, serum
nitric oxide, L-ascorbic acid and serum malondidigide concentrations were evaluated. We also evedutital
protein, SGOT, SGPT and histopathology of livedomethacin treated rats showed significantly desegabody
weight, hepatosomatic index, hematological paramete-ascorbic acid concentrations, nitric oxidetal protein
levels and increase in malondialdehyde SGOT andTS@d#ameters as compared to their controls. Howgever
simultaneous treatment with indomethacin and blieezk extract produced a remarkable improvement btred
above parameters when compared with treatment iwitbmethacin drug alone. However, simultaneousttneat
with indomethacin and black tea extract signifidanimprove the serum nitric oxide, L-ascorbic acd
malondialdehyde concentrations, as compared to rnmetbacin treatment alone. Histopathology of theerliv
revealed swollen hepatocyte, foci of fatty charayes ballooning degeneration in indomethacin treatats which
almost reverse back in BTE supplemented indometlgaoup. Results indicate that BTE is beneficigbiaventing
NSAID induced hepatocellular damages.
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INTRODUCTION

Injury to hepatocytes by drug or toxicant stimutatee release of a cascade of factors by the itelise liver.
Immediately following injury, formation of arachidiz acid (AA) metabolites in the liver contributés the
initiation of acute inflammatiolY. Prostaglandins are generated from arachidonathebgdtion of cyclooxygenase
isoenzymes, and their biosynthesis is blocked mstevoidal anti-inflammatory drugs, including thestective for
inhibition of cyclooxygenase-2 (COX 2ndomethacin is a hon-steroidal anti-inflammatorygd(NSAID) that was
developed specifically to abate the inflammatorgpanses to the indolic hormones, tryptophan andtaein 2.
Inhibition of COX with indomethacin blocks the dostream production of prostanoid vasodilatory meligds In
the liver, endothelial and Kupffer cells are coesatl the major cellular sources of prostaglandimkile
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hepatocytes rapidly metabolize COX produ@tsindomethacin leads to mitochondrial oxidativeessr associated
with the generation of intra-mitochondrial reactiweygen species (ROS), which induces imbalanceiofamts and
antioxidants status in living systefl. Reactive oxygen species (ROS) and lipid perdidda(LP) products
impaired the respiratory chain in hepatocytes eittieectly or indirectly through oxidative damage the
mitochondrial genomé&’. The ROS generated could nonselectively damage Dddasibly resulting in genetic
changes in active genB& These features, in turn, lead to the generatfanare ROS, and a vicious cycle ensues.
Reduction in the production of nitric oxide is tfiest step for the occurrence of many diseddesindomethacin
stimulates significantly less amount of nitrite amittate levels in cirrhotic liver and charactedziey endothelial
dysfunction, that results in impaired release afathelial derived relaxing factors (EDRF) including . Black
tea extract is one of the most effective drinkams of antioxidant properties and can serve agaaources to the
free radical scavengers and antioxidant ag@nBlack tea leaves can be considered as promisingesof natural
antioxidants and as possible preventative agergsraE common human health disorders.

In view of free radical scavenging properties afdil tea extracts the present study was aimed &sasse possible
amelioratic effects of black tea extracts on indtraein induced hepatotoxicities in male albino.rats

EXPERIMENTAL SECTION

Experimental design

Laboratory-bred adult male albino Wister rats fdathvaboratory stock diet (Hindustan lever, MumHaidia) and
waterad libitum and weighing 150 — 170 gm were used. They actiied a week to the laboratory conditions at
22 — 24 ° C and a 12 h light: dark (circadian) eycThe acclimatized animals divided into four greuwgd six
animals each and three animals were kept in eathbolec wire cage (60 cm x 30 cm x 20 cm). Grougts were
healthy controls. Group Il rats were treated i.ghwndomethacin NSAID drug (Yarrow chemical limdteMumbai,
India) at a dose of 5 mg/kg of body weight for 2tysf®. Group Il (BTE dose of 2.5 g tea leaf/dl of watkat is
2.5% of aqueous BTE also for 21 days orally) andu@rlV rats were given both indomethacin and blaekextract
for the same period. All the animals were sacrifieg the end of the last dose after an overnigétt fall the
experimental procedures followed were performedadoordance with the approval of the Institutionalimal
Ethics Committee (1169/ ac/08/CPCSEA) under straxhpliance of Committee for the Purpose of Conénod
Supervision of Experiments on Animals guidelinestfe experimental studies.

Preparation of 2.5% aqueous BTE

The black teaGamellia sinensjsextract was prepared from cut, tear and cruskesrmrange pickoe grade black
clonal tea. It was processed and supplied by To&tperimental Station, Jorthat, Assam. A freshe2.&queous
BTE was prepared every day following the methotivei et al™*. Twenty-five gram of black tea was added to 500
mL of boiling water and was steeped for 15 min. Trfasion will be cooled to room temperature anektlfiiltered.
The tea leaves were extracted a second time wibhn3l0 of boiling water and filtered, and the twarfiites were
combined to obtain a 2.5% aqueous BTE (2.5 g ofe@f4100 mL water).

Gravimetry

The body weights of all animals were recorded @nltst day of the indomethacin treatment and theoflagcrifice.
The liver weight was determined after dissecting and washing in ice cold saline in a single-patabce (ATCO.
M. No. D2RS02-W). Hepatosomatic index was the ratitiver weight to body weight of rats before sfice.

Animal sacrifice and blood collection

At the end of the last dose, the animals were fée@dli after overnight fasting by cervical dislocatibetween 09.00
AM and 11.30 AM to avert the circadian influences the animals™®. Blood was collected in centrifuge
tubes,(plane and EDTA) kept at room temperatureabmut 2 h and centrifuged at 3000 rpm for 15 roikdllect
serum. EDTA tubes were used for hematology invattgs.

Deter mination of hematological parameters:

About 2 ml of blood were collected in commerciabés containing about 4@ of potassium salt of EDTA as
anticoagulant and analyzed within 24 h by fullycanated hematological cell counter (Sysmax K-4500rahsasia
Ltd.)*%. The parameters measured were hemoglobin (Hb)ectration, white blood cell (WBC) count, red blood
cell (RBC) count, packed cell volume (PCV%), meatl eolume (MCV), platelet count. The values of tinean
corpuscular hemoglobin (MCH) and MCHC were caladat
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Biochemical determination of markers:

Serum should be free of hemolysis and separated Blood cells as soon as possible after collectte8. ml of
blood samples were centrifuged at 3000 rpm for 1% and later all the parameters were analyzednizgion of
serum nitric oxide has been measured by Moshage™t L-ascorbic acid level measured by the method @é R
and Koethef'®. Lipid peroxidation was estimated by measurirightarbituric acid (TBA) and was expressed in
terms of malondialdehyde (MDA) content accordingtie method of Kie Satol®. Estimation of serum total
protein by Biuret method with end point colorimetigcording to manufactursrprotocol using semi automated
analyzer (Chem Chek, AGAPPEY!. The serum SGOT and SGPT activity has been meagyrddV (IFCC),
kinetic assay using commercial kit (Cliniguant-FSRCC method Meril diagnostics) according to the
manufacturer’s protocét®.

Histopathological studies

After sacrifice, liver of the experimental rats watissected out and adhering blood and tissue figic removed
by blotting and then stored in 10% formalin fixatisolution and processed. Fixed tissues were cust@med with
hematoxylin and eosin accordingl}}®. The sections were examined under a light micfescoand
photomicrographs were taken by using USB MIPS (R@0343) with a connected personal computer.

Statistical analysis
Data were expressed as mean + standard deviatibre ofiean. Statistical comparisons were perfornyeshie-way
ANOVA, followed byposthoc ttest, and the values were considered as staligtiggnificant whenP < 0.05

RESULTS

Gravimetry

No death was observed in any of the experimentalfgg. All the rats in groups |, lll, and IV remaihactive and
healthy with normal feeding behavior. Their meam\baveight at the end of experiment is shown in dabl
However, rats treated with indomethacin (groupwére found to be lethargic and their % body weigdin was
found to be the lowest among all groups. Table dwshthat group Il rats were having only 17.5% ofcpatage
body weight gain from its initial body weight asngpared to group | (43.72%). However, in case ofugrév
(indomethacin + black tea extracts) an increas&30f3% has been observed. Table 1 also showsiithatiethacin
treated (group II) rats had a significant decremséepatosomatic index as compared to healthy otsntout
simultaneous treatment with black tea extractsujgid’) showed a remarkable improvement.

Table 1: Gravimetric Parametersin Male Albino Rats after Black Tea Extract (BTE) Indomethacin (NSAID) Treatment

Parameters (Units) Group | Group I Group |11 Group IV

Initial body weight(gm) 164.00+2.52 165.00+5.51 162.00+1.41 164.00+1.67

Final body weight(gm) 235.6+3.88 193.8+4.40 239.3+4.32 218.8+2.40

% weight gain(gms) 43.72+3.19 17.51+1.89 47.73+2.27 33.43+1.65

Hepato-somatic index (gm) 0.0255+0.0015 0.0239+0.0023 0.0256+0.001% 0.0242+0.0013
Group I: Control, group II: Indomethacin treatedioyp Ill: BTE treated, group 1V: BTE +Indomethadieated. Each value is meantSEM of
six observations in each group. In each row, valuigl different superscripts (a, b, ¢, d) were #igantly different from each other (P<0.05).

Post-hoc t-test analysis was used to test forreiffees among the means when ANOVA indicated HisattiP<0.05.

Changesin hematological and biochemical parameters:

Table 2 shows that indomethacin administration Iteduin significant decrease of RBC count, hematoalue
(PCV %) and Hb concentration in indomethacin tréatds (group 1) when compared to untreated corftnmup
). Although indomethacin plus Black tea extraetatied group IV rats also showed a significant desweof RBC
count, PCV % and Hb concentration in comparisot whieir control but when compared with indomethaone
treated rats (group Il), a significant increasealbfthe above mentioned parameters were noticedsibiaificant
alterations of any of those parameters were foanrzhse of only black tea extract treated rats wdwgnpared with
untreated control rats. From table 3, it may beeoled that indomethacin significantly decreasesirsetotal
protein, vitamin C and nitric oxide levels whereasincrease in the MDA, SGOT and SGPT levels wetEed in
group Il rats. However; supplementation of BTE nddmethacin treated rats (group 1V) showed an imrgareent of
the nitric oxide, vitamin C, serum protein, SGOT&GPT levels as compared to group Il rats.
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Table 2: Changesin Hematological Parametersof Male Rats after Indomethacin Treatment Alone or In Supplementation with Black Tea

Extract
Parameters (Units) Group | Group 11 Group Il Group IV F. P
Ratio value
Hb(gm %) 13.70+0.8 9.21+0.7 14.53+0.5 12.96+0.6 93.982 0.0000
TLC (1Ccell/uL) 10.8+3.3 56+6.2 11.38+48 9.3+55  167.438 0.0000
DC (Nutrophil) (%) 16.0+0.f 2250+3.2 16+1.7 16.33+28 10.330 0.0000
Lymphocyte (%) 78.6+258  70.0+2.7 785+1.6 76.50+2.7 16.213 0.0000
Esinophil (%) 2.66+0.8  5.0+0.8 3.3+0.5 4.1+1.F 7.939  0.0001
Monocyte (%) 2.6+1.0 25+1.3 21+13  3.0+1.4 0429 0.734
RBC (1Gcell/uL) 7.33+0.83 435+0.8 7.62+0.5 4.96+0.5 55.833 0.0000
MCV (fl) 58.66+ 4.7 79.33+4.8 62.83+1.8 65.50+2.3 36.574 0.0000
MCH (pg) 17.66+1.8 29.5+4.9 19.33+2.4 25+32  16.148 0.0000
MCHC (g/dL) 36.16+2.8 32.66+2.2 36.83+2.8 33.16+2.4 4.318 0.017
Platelet count (f@el/ul) 6.315+0.9 9.456+0.7 6.261+0.2 7.811+0.5 28.789 0.0000
PCV (%) 49.46+3.0 4156+4.7 49.83+5.8 46.50+1.8 5.249  0.0000

Group I: Control, group II: Indomethacin treatedroyip Ill: BTE treated, group IV: BTE +Indomethadirated. Each value is mean + SEM of
six observations in each group. In each row, valwiéhk different superscripts (a, b, c, d) were figantly different from each other (P<0.05).
Post-hoc t-test analysis was used to test forreiffees among the means when ANOVA indicated disagrtiP<0.05.

Table 3: Effect of BTE on Biochemical Parametersin Male Albino Rats after Indomethacin (NSAID) Treatment

Biochemical Parameters  Group | Group 11 Group Il GrouplV  Fratio VaTue

Total proteins(gm/dl) 7.2+0.3 4.0+0.2 8.0+0.7 5.0+0.f 328.026 0.0000
SGOT (U/L) 53.83+4.9 288.5+43.33 51.66+2.9 190.3+6.8 162.579 0.0000
SGPT (U/L) 40.83+2.2 90+2.828  40.66+2.0 70.66+2.f 640.638 0.0000
MDA (umol/L) 1.806+0.4  7.946+0.8 2.053+0.2 3.955+0.4 174.265 0.0000
Vitamin C (pg/ml) 76.70+1.8  49.63+2.8  77.34+1.3 70.18+1.4 245.605 0.0000
Nitric Oxide( pmol/L 44.68+1.6  23.2¢+1.C°  45.1¢+0.8 35.26+1.F 385.20¢  0.000(

Group I: Control, group 1l: Indomethacin treatedayip Ill: BTE treated, group 1V: BTE + Indomethadieated. Each value is meantSEM of
six observations in each group. In each row, valuits different superscripts (a, b, ¢, d) were digantly different from each other (P<0.05).
Post-hoc t-test analysis was used to test forrdiffees among the means when ANOVA indicated disantiP<0.05.

Histopathological studies

The histological structure of normal untreated linar (group ) showed normal architecture (fig dad 1b). In
group Il (Indomethacin) showed majority of the diséd ‘lobulat architecture of liver parenchyma, little swollen
hepatocytes, vacuolated microvesicular and eosihiopytoplasm beside increase in number of mitdigures.
Foci of fatty change and ballooning degeneratioth wecrosis of hepatocytes were found in zone Bt(dsbular)
areas (fig.2 a & b). Moderate proliferation of @brarea along with fibrous tissue and infiltratiairmixed acute and
chronic inflammatory cells were also noticed (fig¢2& b). Group Il also shows variable widening afusoidal
spaces and Kupffer cell hyperplasia along with atmab dilatation and congestion of central vein .@m & b). In
group Il (BTE) showed normal hepatic parenchyrissite which is composed of numerous hexagonalranpgal
‘lobules (fig.3a & b) In group IV (Indomethacin + BTE) shed near normal architecture of liver parenchymal
tissues. Hepatocytes also showed mild variatioreltular size and shape along with mild dilatatéord congestion
of central vein (fig 4a and b).
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Fig.1: Liver section of Control rats(Group I)

Normal hepatic parenchymal tissue showing humehexagonal to pyramidalobules (yellow arrow) and central
vein (black arrow) appeared normal and sinusoidsgnmt between lobules (white arrows).

Fig. 2: Liver section of Indomethacin (group I1)

Majority of the distorted ‘lobulararchitecture of liver parenchyma (yellow arrows)rease in number of mitotic
figures (circles). Moderate proliferation of poréaka with fibrous tissue with infiltration of miseacute and chronic
inflammatory cells (black arrow).
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Fig.3: Liver section of black tea extracts (group I11)

Normal hepatic parenchymal tissue which is composiedumerous hexagonal to pyramidédbules (yellow
arrow) and central vein (black arrow) appeared @brm

Fig. 4: Liver section of Indomethacin and black tea extract (group 1V)

Normal architecture of liver parenchymal hepatosysbowed mild variation in cellular size and shapd mild
dilatation and congestion of central vein (whiteoar).

DISCUSSION

Gravimetry

Rats exposed to indomethacin had a significantedeser of hepatosomatic index as compared to confrbis
clearly reflects the adverse effect of indomethacirbody weight gain and hepatocyte developmemuBaneous
supplementation of black tea extract improved thewth and developmental status of the liver in iméthacin
treated rats. The reduction of liver weight aftedlamethacin treatment may be due degenerativet effebepatic
tissue, as it is a major site of metabolism.

Hematological parameters

Changes in hematological picture conclude to aneani it may be due to loss of blood during gastesitinal
bleeding and release of immature RBCs in circutatibBlowever in our study the decrease in hemoglobin
concentration, RBCs count, WBCs count and PCV% rbaydue to non-regenerative anemia arising from
indomethacin induced direct injury of hematopoietiem cells resulting in decreased erythrocytelkdeyte and
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platelet count?”. Simultaneous treatment of black tea extract desae the toxic effects of indomethacin on
hematological values and also showed a proteatileein anemia and leucopenia.

Biochemical parameters

Increased activity of both SGOT and SGPT after imethacin treatment may be due to leakage of enzyroes

liver cytosol into the blood stream giving an iration on the hepatotoxic effect of indomethdgth Following cell

damage, the membranes become permeable and enetwity & found in the extra cellular fluid andrsen, so the
highest activity of SGOT was recorded in the serlihe improvement of SGOT activity towards contralue in

the rats simultaneously treated with black teaaextproved the hepatoprotective effect of blacketesact due to its
antioxidant properties. Decreased protein conctotranduces reduction of body weight, organ wejgbflecting

biochemical defects, structural disorders, andedt@hysiologic function$.

Reactive nitrogen species and reactive oxygen spdBlOS) play roles of both deleterious and beiafspecies.
Excessive production of ROS results in oxidativesst, a deleterious process which can be an importediator of
damage to macromolecules and cell structures, dirdumembrane lipids and proteins, mitochondrial BNA 2.
Increased in the generation of ROS and enhanciebdgroxidation are considered responsible forttxécity of a
wide range of compound&’. MDA is the major product of peroxidized poly uhsated fatty acids and increased
erythrocyte MDA concentrations of rats definitelycampanied by increased ROS formation and enhaliyied
peroxidation DNA damage altered calcium and sulfilyéhomeostasis as well as marked disturbancesntif a
oxidant defense systet®. In our study indomethacin induced significant remse in melondialdehyde
concentrations observed in the serum (Table 3).gEmeration of reactive oxygen species (ROS) aaddlease of
proteins from the mitochondria lead to the activatiof different pathways of cell deatf’. Increased ROS
generated by mitochondria can cause oxidative damégellular macromolecules, including nucleicdacilipids,
and proteins along with depletion of cellular ariitants, leading to cellular inju§?’. Ascorbate is a well-known
antioxidant required by all mammalian cells for o functioning to control various biochemical méaes. The
decreased intracellular ascorbate has profoundtedfe cellular and tissue metabolic pathw&¥s In our study I-
ascorbic acid level was significantly decreasedenum was may be due to imbalance in the anti akidad
prooxidant balance in blood (Table3). Nitric oxidethe fundamental signaling device. When it becotosic, it
reacts with superoxide and is converted to perdxigi nitrosative stress may lead to nitrosylatieactions, which
can alter the structure of proteins and so inlti@tr normal function. Peroxynitrite initiates lipperoxidatiorvia a
reaction of lipids with its decomposition productse hydroxyl radical and nitrogen dioxié&. Indomethacin
stimulates significantly less amount of nitrite amittate levels in cirrhotic liver and charactedzey endothelial
dysfunction that results in impaired release ofathelial relaxing factors including N&', this may be due to
altered gene expressi#i' In our study indomethacin induced significant @ese in nitric oxide concentrations
observed in the serum (Table 3). The aqueous éxtfaolack tea has shown to quench reactive oxygpeties
(ROS) such as singlet oxygen, superoxide and hytiraxlicals, prevent the oxidative cross-linkingtest proteins
and inhibit single-strand breakage of DNA in whodd!s.

Histopathological studies

We observed in histological studies that indomethazan cross the liver sinusoidal barrier, and poad
degeneration of the liver revealed swollen hepd&mdpci of fatty changes, ballooning degeneratiad necrosis of
hepatocytes. Moderately enlarged portal area aaolifgration fibrous tissue with infiltration of méd acute and
chronic inflammatory cells. The sinusoidal spacesewariably widened with increase in number of Herpcells,
abnormal dilation and congestion of portal vein.

It may be concluded from present findings thabimdthacin induces oxidative damage in erythrocgtes liver.
This results in disruption of overall hematologyddiver metabolic function and also disrupts seramtioxidant
defense system. But simultaneous treatment witbkblea extract may protect against toxic influenceabove
stated hematological, biochemical and anti oxigeambmeters.
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