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ABSTRACT KEYWORDS
In this study, methanol extract of Solanum trilobatum and Solanum Solanum trilobatum;
melongena has been evaluated for hepatoprotective and antioxidant activ- Solanum melongena;
ity and against experimentally induced hepatic damagein rats. The hepatic p-galactosamine;
damage wasinduced to rats using p- gal actosamine (300mg/kg body weight Antioxidants;
i.p). Theextract (250 mg/kg body weight) was administered orally for 7 days Hepatoprotectives.

by gastric intubation to experimental animals. The activities of marker en-
zymes such as aspartate tranaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and gamma
glutamyl transferase (y-GT) in serum were studied. The status of antioxi-
dants such as catalase (CAT), superoxide dismutase (SOD), reduced glu-
tathione (GSH), glutathione peroxidase (GPx) and lipid peroxidationin the
liver of control and experimental animals were also evaluated and com-
pared. Results of the study reveal ed the elevated levelsof serumAST, ALT,
ALP, LDH and y-GT in -galactosamine induced animals, which might be
due to hepatic damage. Oral administration of the extract of ST and SM
significantly (p<0.05) reduced the elevated levels of the above marker en-
zymesin serum. Theenzymatic and non enzymatic antioxidantsin liver were
restored to normal values after the oral administration of the plants extract.
From the results, it can be inferred that the combined extract of Solanum
trilobatumand Solanum mel ongena positively modul ated the hepatic marker
enzymes and antioxidant activity in 3-galactosamine induced liver damage.
Histopathol ogical examination of liver sections also proved the effect.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION homeostasis of the body. Some of these mgjor func-

tionsinclude carbohydrate, protein and fat metabo-

Theliver playsan astounding array of vital func-  lism, detoxification and secretion of bile. Therefore,
tionsinthe maintenance, performanceandregulating the maintenance of ahealthy liver isvital to overall
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health and well being. Unfortunately, theliver isof-
ten abused by environmental toxins, poor egting hab-
its, alcohol and prescription and over-the-counter
drug use, which can damage and weaken the liver
and eventually lead to hepatitis, cirrhosisand al co-
holicliver diseasd¥l. Steroids, vaccinesand anti-vi-
ral drugs, which have been employed as atherapy
for liver diseases, have potentia adverseside effects
especially when administered for longterms?. The
use of the existing few hepatoprotectives in the
therapy for the treatment of several liver diseasesis
still very tentative. In this context, natural products
from plant sources, which are considered safe and
devoid of toxicity, have gained importance as new
and improved therapies?.

Among thevarious plantsassociated with thelife
of Indians, one such family is Solanaceaethat iseco-
nomically very important, assevera of itsspeciesare
sources of food, fodder and drugs“. Traditionally,
Solanum trilobatum Linn. (ST) hasbeeninusein
different partsof Indiafor variousalments®. Thebit-
ter rootsare used for consumption intheform of elec-
tuary, decoction or powder. The berriesand flowers
are administered for thetreatment of cough. The de-
coction of variouspartsof thisplant isused for chronic
bronchitig® 7. The alkal oids reported in the genus of
Solanuminclude solanine, solasonineand solamaring®,
Themagjor dkaloidsidentified in thea coholic extract
of ST are -solamarine® 1% and solasodine*Y. Re-
ports have shown that the active principle sobatum
isolated from ST possessed anti-tumor effect agai nst
chemicaly induced tumorg*?, chemopreventive effect
against cyclophosphamide™ and radiation induced
toxicity!4. Earlier studiesrevealed the protective ef -
fect of ST against CCl, induced toxicity™™ and diethyl
nitrosamine induced and phenobarbital promoted
hepatocarcinogenesisin rat(¢l,

Eggplant, Solanum melongena Linn. (SM), a
common vegetable grown in the subtropicsand trop-
ics, isconsumed throughout the world and contains
avariety of phytochemicals such as phenolics and
flavonoidsthat provideimportant health benefits*”.
Solanum melongena (Eggplant) fruit popularly
known as aubergine (UK), melanzana, garden egg,
bringal (India) andisone of the most important veg-
etable cropsgrown onover 1.7 million hectareworld-
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wide®, Earlier studies have shown that Solanum
melongena Linn. extract resultsin hypolipidemic ac-
tivity inratsfed normal aswell ashigh fat dietg',
suppresses the formation of blood vesselsrequired
for tumor growth and metastasi ! and inhibitsin-
flammation?4, Extract from purple eggplant skin has
been shown to possess a high capacity in the scav-
enging of superoxideradicalsand inhibition of hy-
droxyl radical generation?. Various partsof theplant
are useful in the treatment of inflammatory condi-
tions, cardiac debility, neuragia, ulcersof nose, chol-
era, bronchitisand asthma?!.

The present study aimed to determine
hepatoprotective and antioxidant activitiesof Solanum
trilobatum and Solanum mel ongena extract against
[-galactosamine induced liver damage inrats.

EXPERIMENTAL

Plant materials

Theaerial parts of Solanumtrilobatumand fruit
of Solanummelongena (pink variety) were collected
from Sholingand lur, Chennai-600 119 Tamil Nadu, In-
diain July 2009. Theplantswereidentified and authen-
ticated by Botanist, The IMPCOPS (Indian Medical
Practitioner’s Co-operative Pharmacy and Stores Ltd.,
Thiruvanmiyur, Chennai-600-041. India. The plant
materia swerecleaned, dried in shade and powdered.
The powdered sampleswere stored in air tight con-
tainer for further studies.

Chemicalsand reagents

Dimethylsulfoxide (DM SO) was purchased from
Southern IndiaScientific Corporation, Chennai, India.
- Galactosamine was purchased from Sigma Chemi-
cas, USA. All other chemical sand reagentsused were
of Anaytical Gradeand highest purity.

Animals

The studieswere performed on maleabino rats of
Wistar strain (120-150 g) obtained from the animal
housefacility of Mohamed Sathak A.J College of phar-
meacy, Sholingandlur, Chennai-600 119, India. Theani-
mal swere housed in standard | aboratory conditions
12+1 h day and night rhythm throughout the experi-
mental period. Theanimaswerehoused inlarge spa-
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cious polypropylene cages and they were given rodent
pellet (supplied by Lipton IndiaLtd., Mumbai, India
under thetrade name Gold Mohur) and water ad libi-
tum. The rats were acclimatized for at least 1 week
before commencement of the experiment. During the
course of the experiment the temperature remained
around 27°C. The study has got the approval from the
Institutional Animal Ethical Committee of Committee
for the Purpose of Control and Supervision of Experi-
mentsonAnimals(No. AJ IAEC/2010/02), Ministry
of Environment & Forests(Animal WefareDivision),
Government of India.

Prepar ation of theplantsextract

500g each of shadedried, coarsely powdered plant
materials (Solanum melongena and Solanum
trilobatum) was charged in an aspirator bottleand al-
lowed to soak in 90% methanol for 48 hoursat room
temperature. Theextract wasfiltered and concentrated
onawater bathto 20ml. Thefiltratewas again concen-
trated in achinadish and dried in vacuum desiccators
at 4° C. The yield of the plant extract was about 10%
sincetheyieldwasless, the procedurewasrepeated to
get sufficient yield. The extract wasdissolved in 10%
DM SOfor oral administration.

I nduction of hepatic damage/liver damage

Liver damagewasinduced in animalsusing 3-ga-
lactosamine as described previoudy?? and the approva
for theinduction wasgot from the Ingtitutional Animal
Ethica Committee.

Experimental design

Anima sweredivided intofour groupsof 6 animas
each.

e Group | served ascontrol ratsreceiving 1ml of 10%
DM SO asvehiclefor theentireexperimentd period
of 7 days.

e Group I ratsserved asinduced anima s(liver dam-
ageinduced using B galactosamine (300mg/kg body
weighti.p)

e Group Il served as ST and SM co treated rats
(animasinducedfor liver damage (asin Group 1),
and administered with 250mg/kg body weight/day
of SM & ST extract dissolvedin Iml of 10% DM SO
ordly by gadtricintubation, for theentireexperimentd
period of 7 days.

—— Regdular Peper

e Group |V served asdrug control ratsreceiving 250
mg/kg body weight per day of the ST and SM ex-
tract in 1. ml of 10% DM SO for 7 days by gastric
intubation.

Animaswerekilled at theend of experimental pe-
riod by cervica decapitation. Blood wascollected and
serumwas separated. Liver tissueswere excised from
the animalsand homogenate was prepared using 0.01
M Tris-Hcl buffer, pH 7.4 and wereused for the assay
of marker and antioxidant enzymes.

Biochemical assays

Theactivitiesof marker enzymes- aspartate ami-
notransferase, alanine aminotransferase®, alkaline
phosphatase?, |actate dehydrogenasd??, y-Glutamyl
transpeptidase?® were assayed in the serum.

The protein content was determined by themethod
of Lowry et d &, Lipid hydroperoxideswere estimated
by the method of Jiang et a .18, Theactivitiesof danine
aminotransferase and aspartate aminotransferasewere
measured by the method of King, 1965d27. Alkaline
phosphatise was measured by the method of King,
1965h1%8, the activities of |actate dehydrogenasd® and
y -Glutamyl transpeptidase*” were assayed inthe se-
rumand liver tissue.

Thelevdsof antioxidants- superoxidedismutasg®y,
catalasd®, glutathione peroxidasd™ and reduced glu-
tathione®! were also compared intheliver tissue of
control and experimenta animals.

Histopathological analysis

Formalin-fixed mammary liver tissueswere paraf-
fin embedded, sectioned (3 mm thickness) and placed
on glassdides. Paraffin-embedded sections of tissue
were deparaffinised, renydrated with graded al cohol
and stained with Harris’ haematoxylin and eosin (Dako,
Glostrup, Denmark) in aLeicaAutostainer (Wetzlar,
Germany).

Satisical analysis

Resultswererepresented asmeantSD of six rats.
Theresultswerecomputed satistica ly (SPSSsoftware
package, version 16) using one-way analysis of vari-
ance (ANOVA). Post hoc testing was performed for
intergroup comparison using Student-Newman-K eul
multi ple comparison test. Va ues of p<0.05 werecon-
Sidered Sgnificant.
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TABLE 1: Effect of ST and SM extract on thelevelsof marker enzymesin serum of control and experimental animals.

Group | Grouo |1 Group Il Group IV
Parameters (Contfol) ( nduEed) (Induced+ treated with (Drug
ST+SM) control)
AST (u moles of pyruvate liberated/mg - 3g 45,5 56 56,9643 86" 4211421957 34.88+2.26
protein/min)
ALT (u moles of pyruvate liberated/mg - o 35,1 51 40,6412 77 33.85+1.78% 0" 23.84:0.87
protein/min)
ALP (n moles of p-nitrophenol @ @b
liberated/mg protein/min) 46.07+1.62 107.65+7.42 62.83+5.54 44 544+1.37
LDH (i moles of pyruvate liberated/mg 75 63,4 33 130.38:8.617 94.67+5.69% 73.17+3.96
protein/min
-GT les of p-nit ili . * ik
7 - GT (w moles of p-nitro aniline 1823+1.74  5582+3.55° 21.64+2.28%" 19.96+1.88
formed/mg protein/min)
Values are expressed as mean + SD of six animals.
aGroup 11, 111, 1V compared with group |; ®Group |11 compared with group I1; * Satistical significance: p < 0.01. ** Satistical

significance: p < 0.05

RESULTSAND DISCUSSION

Effect of ST and SM on serum marker enzymes
of control and experimental animals

In untreated hepati c damage induced rats (group
1), theactivitiesof marker enzymessuchasAST,ALT,
ALP, LDH, and GGT wereeevated to highlevelsin
serum compared to control animals. These changesin
serum marker enzymeswere significantly (p < 0.05)
reverted back upon ST and SM extract co administra-
tion at adose of 250mg/kg body weight per day as
shownin TABLE 1. Thenontoxic nature of combined
ST and SM extract was witnessed from the mainte-
nance of these marker enzymeactivitiesin ST and SM
extract administered animals (Drug control).

In recent years, plant based natural products
(polyphenals, flavonoids, ahthocyanidins, terpenoids
and steroidsetc.) haverecelved considerable attention
duetotheir diverse pharmacological actiong® 31, A
growing interest has been observed in the study of
herbd drugfor their potentia benefitsto human hedlth.
Oneof their main propertiesisantioxidant activity, which
enablesthem to attenuate the devel opment of tumor,
inflammation and liver diseases. Antioxidantsplay an
important roleininhibiting and scavenging freeradicas
and provide protection againgt infection and degenera
tivediseases. Redlizing thefact, thisinvestigation was
carried out to eval uate combined hepatoprotective ac-
tivity of Solanumtrilobatumand Solanummelongena
methanolic extract against f-galactosamine induced

hepatic damagein rats. Inthe present investigation, -
galactosamineinduced hepatotoxicity was evidenced
by biochemica measurements and histopathol ogical
changes. Increased level of serum AST,ALT,ALP,LDH
and GGT indicated deterioration in the hepatic archi-
tecture and functions. Histopathol ogical observations
of liver tissueof control and experimental ratswerecon-
sistent with -galactosamine induced hepatic damage.
Co administration of ST and SM extract wasfound to
revert back thenorma condition to the hepatic muscu-
lature as shown by biochemical and histological find-
ings. Thestimul ation of hepatic regeneration was con-
Sidered asthe possible hepatoprotective mechanism of
standardised herbal extracts. Such stimulation was
knownto causetheliver to become moreresistant to
hepatotoxininduced liver injuried®’. Likewise, activar
tion of thefunctionsof thereticuloendothelia system
was al so considered as some possi ble hepatoprotective
mechani sms, which could reduce the hepatotoxicity of
betaga actosaming®!.

Effect of ST and SM on lipid peroxidation of con-
trol and experimental animals

The effect of ST and SM on the levels of lipid
peroxidation in control and experimenta animalswas
shownin Figure 1 and wasfound to be significantly
increased (p < 0.05) in hepatic damage induced ani-
mals when compared with the control rats. These
changesweresignificantly (p < 0.05) reverted back to
near normal upon ST and SM administration. No sig-
nificant changeswere observed between control and
drug control animals.
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Group | Group |l Group 1l Group IV

Figure 1 : The levels of lipid peroxidation estimated as
thiobarbituricacid reactive substancesin theliver tissue of
control and experimental animals(mean +SD; n=6). (group
I, control; group |1, B-galactosamine induced; group II1, in-
duced + ST+SM treated; group |V, control+ ST+SM).
"Comparisonsaremadebetween groups| and 11; + Compari-
sonsaremadebetween groupsll and 111; Satistical signifi-
cance(*, 1 p<0.05)

Previous studies have shown that the
phytoconstituentsof ST possessantioxidant potential™,
inadditiontoitsability toinhibit freeradical genera-
tion“, The presence of quercetin and B-sitosterol in
ST could aso support itsrolein modul ating the antioxi-
dant defensesboth enzymaticaly and non-enzymaticaly.
Thephenalic compoundsand flavoinds of eggplant fruit
implicated inboth inhibition of hydroxyl radica genera:
tion and superoxide scavenging activity, which could
contribute to hepotoprotective activity!l.

Effect of ST and SM on liver antioxidant status of
control and experimental animals

TABLE 2 showsthe level s antioxidants such as
SOD, CAT, GPx and reduced glutathione (GSH) in
control and experimental animas. A sgnificant decrease

—— Regdular Peper

intheactivitiesof SOD, CAT, GPx andthelevelsof
GSH wereobservedintheinduced (group I) animals
compared to control animals. Intreated (group I11) ani-
mals, theactivitiesof SOD, CAT and GPx andtheleve
of GSH weresignificantly increased (p < 0.05) com-
pared toinduced (group I1) animals.

Antioxidants act as the primary line of defence
agangt reactive oxygen species (ROS) and suggest their
usefulnessinestimating therisk of oxidativedamage. In
the present study, therewasadecreasein the activities
of antioxidant enzymes SOD, CAT, GPxand GSH in
[-galactosamine induced rats. Thismight bedueto the
excessve production of freeradica sin cancerouscon-
dition. Severd studieshave shown that decreased anti-
oxidant system results in oxidative stress, which
dysregulatesthecdlular functiong*> 43, SOD and CAT
arethetwomgor enzymesthat aredirectly involvedin
the elimination of ROS*. SOD isanimportant anti-
oxidant enzymethat catal ysesthe dismutation of super-
oxideradica§*!, while CAT isahemoprotein that ca-
talysesthe reduction of hydrogen peroxidesand pro-
tectstissuesfromhighly reactive hydroxyl radical§4.
Thedecreaseintheactivitiesof theseenzymesmay be
dueto increased production of freeradicals such as
superoxide anionsduringinflammatory reactionsby the
phagocytic cellg#7.

GPx isanimportant defence enzymeagainst oxi-
dative damage and thisin turn requires reduced glu-
tathione asa cofactor. GPx workstogether with glu-
tathionein the decomposition of hydrogen peroxideor
other organic hydroperoxidesto non-toxic products at
the expense of GSH“. The decreased activity of GPx
inliver of hepatic damageinduced rats obtained from

TABLE 2: Effect of ST and SM extract on thelevelsof antioxidantsin liver of control and experimental animals.

Group | Groun |1 Group I11 Group IV
Parameters (Contrpol) (Indused) (Induced+ treated with (Drug
ST+SM) control)
- - - 1
;’gggﬁ')de dismutase (unitmin™mg g 45,4 46 4.37+3.86% 5.1142.19% 6.34+2.26
.y L1
;a;f"dﬁ)(”m"l H O utilisedmin™mg e a5.35) 406412777 48.85:1.78% 58.84+2.87
Glutathione peroxidase
(umol of GSH consumed min™ mg 7.28+0.86 5.65+0.42% 6.28+0.74%"" 7.4120.77
protein™®)
Reduced glutathione(uig/mg protein) 6.53+0.43 4.38+0.61% 5.67+0.69% " 6.44+0.56
Values are expressed as mean + SD of six animals.
aGroup 11, 111, 1V compared with group |; ®Group |11 compared with group I1; * Satistical significance: p < 0.01. ** Satistical

significance: p < 0.05.
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the present investigation indicatestheweak freeradica
defence system against oxidative stress.

Thedecreased activity of antioxidant enzymesob-
served ininduced ratsmight be dueto high concentra-
tion of ROS. Thedeclinein SOD activity leadsto down
regulation of H,O,. SinceH, O, isthe substratefor the
enzymes CAT and GPx, they were also found to be
decreased .

Administration of ST and SM extract caused the
adtivitiesof theseenzymestoreturntonormd levels This
may be due to hepatoprotective property of the drug
indicating the protectiveroleontissuedamage. Earlier
reportshaveshownthat theactiveprinciplesobatumiso-
lated from ST possessed anti-tumor effect againgt chemi-
cdly induced tumorg™, chemopreventiveeffect against
cyclophosphamideand radiationinduced toxicity™Y. Sheh
Jahan et a have reported the protective effect of ST
againgt carbon tetrachl orideinduced toxicity®l.

Solanum melongena L. contains a variety of
phytochemical s such as phenolicsand flavonoids that
provideimportant health benefits. Studieshave shown
that administration of SM extract resultsin potentia
hepatoprotective action against cytotoxicity of tert-bu-
tyl hydroperoxide (t-BuOOH) in human hepatomacell
lines(HepG2), suppressestheformation of blood ves-
selsrequired for tumor growth and metastasis®, and
inhibitsinflammeationt>3. Nasunin, an anthocyaniniso-
lated from the skin of purple eggplant fruit and other
phenolic compoundsof the extract implicated in both
inhibition of radical generation and hepatoprotecion.

Effect of ST and SM on histopathology of control
and experimental animals

Histopathol ogica examination of liver sectionsfrom
control (group I) animalsreveded normal architecture
with normal liver parenchymaand cellswith granul ated
cytoplasm and small uniform nuclei radially arranged
around central vein (Figure 2a). Theliver of section of
induced (group I1) animal sreveal ed loss of architecture
with with hepatocyteslooking large, pale and having
pleomorphic nucle (Figure 2b), whereas ST and SM
treated (group I11) animals had comparatively lessal-
tered foci and hepatocytes maintaining near norma ar-
chitecture (Figure 2c). Drug control (group IV animals
also exhibited s milar architectureindicating the non-
toxic natureof the ST and SM extract (Figure 2d).
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Figure 2 : Histopathological examination of liver sections
stained with haematoxylin and eosin (100X) Control (group )
rat showsnormal ar chitectureof liver (2a). Ratsinduced with
B-galactosamine (group IT) showing hepatocytes with lossof
architecture, necrogs, fatty changesand ar elooking pale (2b).
Group 11 rats, induced and treated with ST+SM extract (250
mg/kg body weight) show normal cellular ar chitecturewith
distinct hepatic cellsand sinusoidal spaces. Treatment with
extract only (group I'V) exhibit almost normal histology (2d).
Conflict of interest statement: We declarethat we haveno
conflict of interest; Sour ceof financial support: Nil
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CONCLUSIONS

In conclusion, our current investigation revealed
the antioxidant and hepatoprotective effects of
Solanum trilobatum and Solanum melongena
against f-galactosamine induced hepatic damage in
rats. Theflavonoidspresentin ST and SM must have
acted synergistically and contributed to the profound
hepatoprotective effects.
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