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The hepatoprotective effect of freeze-dried methanolic leaf extract of Ginkgo biloba was
evaluated against lantadenes-induced hepatic damage in guinea pigs. The reversed-phase
HPLC analysis of lantadenes confirmed the presence of 72.82% of lantadene A. UPLC-ESI-
MS analysis showed the presence of ginkgolide B, C, bilobalide and traces of ginkgolide
A and J in G. biloba extract. The concentration of ginkgolide B in the sample was found as
0.29%. The elevated levels of serum alanine aminotransferase, aspartate aminotransferase
and alkaline phosphatase due to lantadenes were significantly restored towards normal
values by G. biloba extract in a dose-dependent manner. The effects of lantadenes and G.
biloba extract on lipid peroxidation (LPO), reduced glutathione (GSH), superoxide dis-
mutase (SOD) and catalase were assayed in liver homogenates to evaluate the antioxidant
activity. G. biloba extract in a dose-dependent manner produced significant decrease in
lantadenes-induced increased levels of LPO. The lantadene-induced decreased levels of
SOD, GSH and catalase were elevated by G. biloba extract. The findings of biochemical and
antioxidant enzyme levels were supported by gross and histopathological observations.
Moreover, liver sections of G. biloba group also showed a marked decrease in apoptosis in
comparison to lantadenes group. This study suggested that G. biloba could be used as a
promising hepatoprotectant against lantadenes-induced hepatic damage. Future studies
are needed to elucidate the precise mechanism of hepatoprotection for practical
application.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Lantana camara Linn. (Locally known as bara phulnoo in
Himachal Pradesh), an ornamental shrub, belongs to the
family Verbenaceae. The branches of the plant possess
curved prickles, grows to a height of 2–3 m, and its
spreaded branches cover an area of about 1 m2 (Sharma
et al., 1981b). The most prevalent and most noxious
x: þ91 1894 233063.
harma).

. All rights reserved.
variety of L. camara is red flower variety (L. camara var.
aculeata), which causes severe toxicity in grazing animals
(Sharma et al., 1991). Mexico and Central America are
considered as generic epicentre of L. camara (Spies, 1984)
from where it was introduced to the rest of world via
Europe (Stirton, 1977). It is the principal weed in 12 coun-
tries and has been found in nearly 50 countries (Ghisalberti,
2000). In India, L. camarawas introduced in the nineteenth
century and has spread all over the country (Sharma et al.,
1981a). This plant is spread widely over Kangra valley in
Himachal Pradesh (Sharma and Makkar, 1981), Western
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ghats in South India, Kumaun hills, Garhwal in Uttarak-
hand, Allahabad, Kukrail forests of Lucknow in Uttar Pra-
desh, Maharashtra, Tamil Nadu, and in many other parts of
the country (Sharma et al., 2007). In a survey of the Kangra
valley of Himachal Pradesh in India, Sharma and Makkar
(1981) observed lantana poisoning as the main cause for
loss of livestock.

L. camara toxicity caused by lantadenes is characterized
by intrahepatic cholestasis, associated liver damage and
photosensitization. Both ruminants including cattle, sheep,
buffalo, goats, and non-ruminants like horses, guinea pigs,
rabbits, female rats are susceptible to lantana toxicity.
Guinea pigs, from non-ruminant group, exhibit the most
typical symptoms comparable to experimental or field
cases of lantana toxicosis in ruminants (Sharma et al.,
1992). The toxic compounds of L. camara are lantadenes,
which are pentacyclic triterpenoids in nature (Sharma
et al., 1988; Pass, 1991). The major constituents of the
leaves of the red flower variety are lantadene A (LA), lan-
tadene B (LB), lantadene C (LC) and lantadene D (LD)
(Sharma et al., 1991). Reduced lantadene A (RLA) and
reduced lantadene B (RLB) are the minor constituents
(Sharma et al., 1991). In ruminants, L. camara toxicity pri-
marily attacks liver and kidneys and also causes photo-
sensitization. Inappetance and constipation within 24 h of
dosing followed by ictericity and photosensitization are
typical signs of lantana toxicity (Sharma et al., 1992).

A specific treatment for L. camara toxicity is still lacking.
The conventionally used treatment includes rumenotomy
to remove toxic rumen contents (McSweeney and Pass,
1982). Administration of activated charcoal in the early
phase of intoxication successfully treats the affected ani-
mals provided this treatment is started before the onset of
absorption of toxins (Pass and Stewart, 1984). A number of
treatments have been attempted, after the onset of clinical
symptoms but are not very effective (Sharma et al., 1981a).
Ginkgo biloba is the oldest living fossil tree on the earth,
more than 200 million years old (Michal, 1986). Ginkgo is a
pretty, ornamental tree with unique, beautifully-shaped
bilobed leaves, belonging to the family Ginkgoaceae. In
north India, it is grown in the Nambalbal area of Pampore,
Jammu and Kashmir state and also in the Council of Sci-
entific and Industrial Research-Institute of Himalayan Bio-
resource Technology (CSIR-IHBT), Palampur, Himachal
Pradesh state. It is used by medical professionals to aid the
treatment of problems typically associated with ageing,
such as poor circulation, mental confusion and memory
loss (Gertz and Kiefer, 2004). The active constituents of G.
biloba leaf are diterpene lactones namely Ginkgolides A, B,
C, M and J and bilobalide, flavone glycosides (kaempferol,
quercitin and isorhamnetin), biflavones (ginkgetin, iso-
ginkgetin, bilobetin) and organic acids such as 4- hydrox-
ybenzoic acid and shikimic acid (Kleijnen and Knipschild,
1992). Among these, the ginkgolides are structurally
unique in theway that they are found only in this particular
plant and they co-occur with bilobalide (Nakanishi et al.,
1971; Weinges et al., 1987). The present experiment was
designed to evaluate the hepatoprotective activity of G.
biloba leaf extract by studying its effects on liver function
tests, various enzymatic and non-enzymatic antioxidant
parameters, gross pathology, histopathological
examination and apoptotic reaction during lantadenes-
induced hepatotoxicity in guinea pigs.

2. Materials and methods

2.1. Chemicals

Reduced glutathione, NADH disodium salt, nitroblue
tetrazolium (NBT), phenazine methosulphate (PMS), and
trichloroacetic acid were procured from Sisco Research
Laboratories, Mumbai, India. Chloroform, sodium pyro-
phosphate, Triton X-100, hydrogen peroxide and methanol
were procured from Merck Specialities Pvt. Ltd, Mumbai,
India. Silymarin, thiobarbituric acid and p-nitro-
phenylphosphate was procured from Sigma–Aldrich
Chemicals Pvt. Ltd, New Delhi, India. DeadEnd� colouri-
metric TUNEL (TdT-mediated dUTP Nick-End Labeling)
system was procured from RFCL Ltd, Promega, India. Sol-
vents used for TLC, extraction, and oxidation stress esti-
mation were of analytical grade. All the solvents used for
HPLC and sample preparationwere of HPLC or above grade.
Before use, the solvents were filtered through 0.45 m
membrane filter, followed by sonication for 15 min.

2.2. Experimental animals

Twenty guinea pigs of around 45 days old, weighing
200–250 g and of either sex were procured from Laboratory
Animal Resources Section, Indian Veterinary Research
Institute (IVRI), Izatnagar. The animals were maintained in
the Laboratory Animal Housing Facility of IVRI Regional
Station, Palampur in polypropylene cages under standard
conditions of humidity (55 � 10% RH) and temperature
(23 � 2 �C). All sanitary and hygienic measures were
observed as per the Committee for the Purpose of Control
and Supervision of Experiments on Animals guidelines. The
animals were provided ad libitum access to standard labo-
ratory animal diet added with vitamin C (Limcee, 1000 mg/
kg feed) and clean water during the period of the experi-
ment. The experimental protocols were reviewed and
approved by the Institutional Animal Ethics Committee.

2.3. Collection of L. camara leaves and purification of
lantadenes

L. camara leaves were collected during the month of
September–October from an area adjoining Palampur town
located at an altitude of 1200 m above mean sea level. The
sample was oven dried at 55 �C and ground to a fine powder
of 1 mm particle size using a grinder. Powdered leaves of L.
camara were extracted as per the protocol described by
Sharma et al. (1999) with somemodifications so as to obtain
lantadenes. Lantana leaf powder (100 g) was extracted with
500ml methanol with intermittent shaking and was filtered
through two layers ofmuslin cloth. The residuewasextracted
once again with 200 ml methanol. The methanolic extracts
were pooled and decolorizedwith 15 g of activated charcoal.
The methanol was removed in vacuo at 60 �C in rotary
evaporator (Heidolph Laborota 4000). The residue so ob-
tained was extracted with 100 ml chloroform. Chloroform
was removed in vacuo at 40 �C in rotary evaporator. Dried
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residue was dissolved in boiling methanol till it formed su-
persaturated solution and was kept at 0–4 �C for overnight.
Copious crystallization took place. The crystallized material
was recovered by filtration using a Whatman No.1 filter
paper. This provided partially purified lantadenes which
were re-crystallized repeatedly till purified lantadenes were
formed. Thepurificationof lantadeneswasmonitoredby thin
layer chromatography (Fig. 1). The solvent system used for
detection included petroleum ether:ethyl acetate:acetic acid
in the ratio of 88:10:2. The spots were visualised by iodine
vapours. The percent yield of lantadenes obtained was 0.31%
(310 mg/100 g of dried leaf powder).

2.4. Characterization and quantification of lantadene-A by
reversed phase high-performance liquid chromatography
(HPLC-DAD) and UPLC-ESI-MS method

The HPLC analysis was performed using Shimadzu HPLC
system, equipped with LC20AT pumps, controlled by
CMD20A interface module, SIL20AC autosampler,
CTO10ASVP column oven and SPD-m 20A diode array de-
tector. Datawere collected and analysed using a LC solution
workstation. Column used were of Luna, C18, 5 m and
250� 4.6mmdimension. UPLC-ESI-MS datawere recorded
on waters Acquity UPLC and waters QTOF MS-MS instru-
ment. UPLC column used were Acquity UPLC, BEH C18, 1.7 m
column of dimension 2.1 � 100 mm.

2.4.1. Chromatographic conditions
A reversed-phase HPLC analysis was carried out using

isocratic system with flow rate of 1 ml/min at column tem-
perature 30 �C and run time was 30 min. Water (10 mM
NH4OAC) and methanol in the ration of 10:90 was used as
Fig. 1. Thin layer chromatogram of lantadenes isolated from Lantana camara
Linn.var aculeata leaves. Solvent system: petroleum ether:ethyl acetate:-
acetic acid (88:10:2); Detection: iodine vapours. S: standard, L1: lantadenes
from sample 1, L2: lantadenes from sample 2.
mobile phase and eluent were monitored at 210 nm. A 5 ml
aliquot of the standards and sample were injected onto the
column.UPLC-ESI-MSanalysiswas carried outusing gradient
systemwith a flow rate of 0.3ml/min at column temperature
of 25 �C. Eluent A was water (0.05% HCOOH) and B was
acetonitrile (MeCN).Gradient systemwasstartedwith3%B in
A followed by 20%, 50%, 70% and 90% at 7, 9, 12 and 20 min,
respectively with linear increment. Run time was of 30 min.
ESI-MS analysis was carried out with waters QTOF system.
The ESI-MS source operation parameters were kept as
following: capillary voltage-3100 V; cone voltage-22 V;
source temperature-80 �C; dissolvation temperature-200 �C;
cone gas flow-50 L/h; dissolvation gas flow-400 L/h.

2.4.2. Sample preparation
Stock solution of lantadene Awas prepared in methanol

at a concentration of 1 mg/ml and it was further serially
diluted to 200, 100, 50 and 25 mg/ml of concentrations.
Calibration curvewas obtained by plotting peak area versus
concentration of standard solutions. Test sample (purified
lantadenes, supposedly mixture of lantadenes) was also
prepared at a concentration of 1 mg/ml in methanol.

2.5. Collection and extraction of G. biloba leaves

G. biloba leaves were collected from Division of Biodi-
versity, CSIR-IHBT, Palampur, H.P. during the month of
September. The leaves were washed with distilled water,
shade dried and ground to a fine powder of 1 mm particle
size using a grinder. G. biloba leaf powder (100 g) was
extracted with 300ml methanol, with intermittent shaking
and was kept overnight at room temperature. The extract
was filtered through two layers of muslin cloth and the
residuewasonce again extractedwith 150mlmethanol. The
pooled extracts were filtered through coarse filter paper.
Filtrate was concentrated on rotary evaporator (Heidolph
Laborota 4000) at 40 �C and then freeze dried (Lab Tech,
LFD-5508S) at high vacuum (250 torr) and at low temper-
ature (�40 �C) and was stored at �20 �C in clean plastic
containers until further use. The percent yield of freeze
dried methanolic extract of G. biloba leaves was 13.93%.

2.6. Characterization and quantification of ginkgolide B by
reversed-phase HPLC-ELSD and UPLC-ESI-MS method

The equipments used were similar to those used for
lantadenes analysis except for the addition of evaporative
light scattering detector (ELSD).

2.6.1. Chromatographic conditions
A reversed-phase HPLC analysis was carried out using

gradient system with flow rate of 0.8 ml/min at column
temperature of 30 �C. Eluent A was water (0.05% HCOOH)
and B was MeCN. Gradient systemwas started with 10% B in
A followed by linear gradient to 90% B in A at 30 min. Run
timewas 40min. Eluent wasmonitored using ELSD detector.
Operation parameters of ELSD detector were as follows:
Evaporation temperature at 110 �C, nebulization tempera-
ture at 90 �C and nitrogen gas flow rate at 1.2 SLM. UPLC
analysis was carried out using gradient system with flow
rate of 0.3 ml/min at column temperature of 25 �C. Eluent A
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was water (0.05% HCOOH) and B was MeCN/Water (90/10).
Gradient systemwas started with 3% B in A followed by 20%,
50%, 70% and 90% at 5, 6, 8 and 9 min, respectively with
linear increment. Run time was of 12 min. ESI-MS analysis
was carried out with waters QTOF system. The LC-ESI source
operation parameters were kept as following: Ionization
mode-VE; Capillary voltage-3100 V; Cone voltage-22 V;
Source temperature-80 �C; Dissolvation temperature-
200 �C; Cone gas flow-50 L/h; Dissolvation gas flow-400 L/h.

2.6.2. Sample preparation
Standard ginkgolide B solution was prepared in meth-

anol at a concentration of 1 mg/ml. Test sample was pre-
pared at a concentration of 5 mg/ml in methanol.

2.7. Experimental procedure

The experimental animals were administered dosages,
orally via gelatin capsules on a daily basis for a period of 14
days. However, administration of G. biloba extract and
silymarin was started a week prior to dosing with lanta-
denes, forming the total trial duration to be 21 days. An
interval of one hour was kept between lantadenes and G.
biloba or silymarin administration. The animals were
randomly divided into five groups with four animals in
each group. Group I served as control andwas administered
empty gelatin capsules. Group II (lantadenes group) served
as toxicant control and was administered lantadenes at the
dose of 25 mg/kg bw. Group III (lantadenes þ Gb100) was
administered freeze dried methanolic extract of G. biloba at
the dose of 100 mg/kg bw, and lantadenes at the dose of
25 mg/kg. Group IV (lantadenes þ Gb200) was adminis-
tered freeze dried methanolic extract of G. biloba at the
dose of 200 mg/kg bw and lantadenes at the dose of 25 mg/
kg bw. Group V (silymarin group) served as positive control
(commercial standard hepatoprotectant) and was admin-
istered silymarin at the dose of 100 mg/kg bw and lanta-
denes at the dose of 25 mg/kg bw.

All the animals were sacrificed 24 h after the last dose
using diethyl ether. At the time of sacrifice, blood was
collected from posterior vena cava using 5 ml syringes in
glass tubes for serum separation. After clotting, tubes were
centrifuged at 2000 rpm for 10 min to separate serum.

2.8. Serum biochemical estimation

Serum biochemicals such as alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP), bilirubin, and total protein were esti-
mated using commercial kits (Span Diagnostic Ltd., India)
by employing automatic biochemistry analyser (Bayer-RA
50). The manufacturer’s protocol was followed for all the
estimations. However, acid phosphatase (ACP) was deter-
mined by the method described by Bergmeyer (1974).

2.9. Oxidation stress estimation

At necropsy, tissue samples of liver were collected
aseptically in sterile, screw capped polypropylene vials
using sterile scissors and forceps, transported on ice and
stored at �70 �C for oxidative stress analysis. Tissue
samples of liver were homogenized (Remi, 12U-56) in ice
cold 0.1 M PBS (pH 7.4) in the ratio of 1:10 (200mg tissue in
2 ml PBS). The homogenate was centrifuged for 10 min at
10,000 rpm. The supernatant was used for the estimation of
lipid peroxidation (LPO), superoxide dismutase (SOD),
catalase, reduced glutathione (GSH) and total protein.

2.9.1. Lipid peroxidation (LPO)
Lipid peroxidation was estimated by the method

described by Dawra et al. (1984). The absorbance was read
at 535 nm. Results were calculated from DE using molar
extinction coefficient of 1.56 � 105/M/cm. The results were
expressed as mmoles of MDA (malondialdehyde) produc-
tion per gram of wet tissue.

2.9.2. Superoxide dismutase (SOD)
Superoxide dismutase enzyme was estimated by the

method described by Nishikimi et al. (1972). The increase in
absorbance was noted at 560 nm for 3 min. The unit of
superoxide dismutase was defined as the amount of
enzyme causing 50% inhibition of the rate of reduction of
nitroblue tetrazolium (NBT). The results were expressed as
units/mg protein.

2.9.3. Catalase
Catalase enzyme was estimated by the method of Aebi

(1983). The decrease in absorbance was monitored at
240 nm. The results were expressed as nanomoles of H2O2

utilized/min/mg protein.

2.9.4. Reduced glutathione (GSH)
GSH was estimated by the method described by Sedlak

and Lindsay (1968) with some modifications. The absor-
bance was measured at 412 nm just after 5 min. Calculation
was done by using extinction co-efficient (EC ¼ 13100/M/
cm) and results were expressed in nM/g of wet tissue.

2.9.5. Protein estimation
The protein content in the homogenate was estimated

by Lowry et al. (1951). Bovine serum albumin (BSA) (1 mg/
ml) was used as standard. The protein content in the
sample was calculated from standard curve, prepared using
different concentrations of BSA.

2.10. Gross and histopathological study

A detailed necropsy examination was conducted on
animals sacrificed at the end of trial and the gross findings
were recorded. Following necropsy, various tissue samples
were collected in 10% buffered neutral formalin fixative.
Fixed tissues were subjected to histopathological process-
ing and staining as per standard procedures (Luna, 1968).
Haematoxylin and Eosin (H&E) stained individual sections
were microscopically examined and the histopathological
alterations were recorded and digitally photomicrographed
(Olympus BX53).

2.11. Apoptosis detection

Detection of apoptosis in liver tissue sections was done
by using DeadEnd� colourimetric TUNEL system which
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end-labels the fragmented DNA of apoptotic cells using a
modified TUNEL (TdT-mediated dUTP Nick-End Labeling)
assay. The procedure followed was as per the manufac-
turer’s protocol.

2.12. Statistical analysis

The data were subjected to one way analysis of variance
to test the effect of groups on different variables under
study. The group means were compared using critical dif-
ference (CD value) at 5 percent level of significance
(P < 0.05) as per the standard procedures (Snedecor and
Cochran, 1968).

3. Results

3.1. Characterization of lantadene A in test sample by UPLC-
ESI-MS analysis

UPLC-DAD-ESI-MS data of sample gave a peak at RT
18.35 min which showed protonated molecular ion peak at
m/z 553.56 [M þ H]þ for lantadene A.

3.2. Quantification of lantadene A by reversed-phase HPLC
method

The calibration curve obtained by plotting between area
and concentration to quantify lantadene Awas linear in the
concentration range of 0.25–1 mg/ml. The slope, y-inter-
cept and correlation coefficient obtained from regression
analysis were 5197.37, 33078.7 and 0.9998, respectively.
The regression equationwas Y ¼ 5197.37 * Xþ 33078.7. The
determination coefficient of 0.9998 indicated high degree
of correlation and good linearity of the method. The con-
centration of lantadene A in test sample obtained after
implicating the area in the above regression equation was
found as 72.82%. The second smaller peak observed is
supposedly lantadene B, which has the samemass as that of
lantadene A. The HPLC chromatograms depicting lantadene
A in the standard and test solutions are shown in Fig. 2A
and B.

3.3. Characterization of ginkgolides content in test sample by
UPLC-ESI-MS method

UPLC-ESI-MS analysis showed the presence of ginkgo-
lide B, C, bilobalide and traces of ginkgolide A and J in G.
biloba extract (as per the XIC peak responses). The UPLC-
ESI-MS data of the sample gave the XIC peaks at RT 6.99,
6.51 and 6.55 min, respectively which showed the depro-
tonated molecular ion peak at m/z 423.53, 439.57 and
325.42 [M�H]� for ginkgolide B, C and bilobalide,
respectively.

3.4. Quantification of ginkgolides by reversed-phase HPLC
method

Quantification of ginkgolide B was carried out on single
concentration basis, due to the paucity of the standard
sample. The peak was confirmed by the match of RT with
the standard ginkgolide B. The peak of ginkgolide B was
further fortifiedwith addition of standard of ginkgolide B in
test sample, increase in the area percentage of RT 22.003
peak confirmed the presence of ginkgolide B in the sample.
The concentration of ginkgolide B in sample was found to
be approximately 0.29% (Fig. 2C–E).

3.5. Clinical signs

The animals of Group II showed only slight inactivity in
their behaviour as compared to control group. The animals
of other groups appeared apparently normal throughout
the experimental trial.

3.6. Serum biochemical estimation

The animals of Group II, which were administered lan-
tadenes showed significantly higher values of serum ALT,
AST, ALP, ACP and total proteins compared to control.
Administration of G. biloba extract as well as silymarin
resulted in significant decrease in lantadenes-induced
elevated levels of ALT and AST. The values of ALT and AST
in these groups did not differ significantly (P < 0.05) from
control. Although, both the ALT and AST values in lower
dose G. biloba group (Group III) were elevated than values
at the higher dose (Group IV) but statistically, the two doses
did not differ significantly. G. biloba extract showed a dose-
dependent effect in reducing lantadenes-induced elevated
ALP values. The ALP values of group Group V (silymarin)
were comparable and insignificant from that of animals of
Group IV, which were administered the higher dose of G.
biloba extract. The ACP levels in all the groups were
significantly elevated compared to control. The ACP levels
showed that the higher dose of G. biloba (Group IV) was
able to decrease the elevated ACP levels compared to
lantana group (Group II). The bilirubin levels of different
groups did not exhibit any significant difference when
compared to control. The total serum protein levels of an-
imals which were administered the higher dose of G. biloba
extract (Group IV) were significantly (P < 0.05) less
compared to lantana group (Group II). The values of various
serum biochemical parameters have been presented in
Table 1.

3.7. Oxidative stress estimation

The amount of MDA formed was quantified by reaction
with thiobarbituric acid and used as an index of lipid per-
oxidation. The levels of MDA were significantly elevated
due to lantadene intoxication. G. biloba extract significantly
and dose-dependently resulted in decrease in lantadenes-
induced increased MDA levels, with the MDA value signif-
icantly lower at higher dose of extract. The MDA values in
silymarin group (Group V) were not significantly different
from Group III. The SOD, GSH and catalase levels in liver
were significantly decreased in lantadenes alone treated
group (Group II) in comparison to control. Treatment with
both G. biloba extract (Groups III, IV) and silymarin (Group
V) prevented lantadenes-induced reduction in SOD, GSH
and catalase levels. Although, SOD, GSH and catalase values
of animals which were administered the extract at higher
dose (Group IV) were elevated than lower dose (Group III)



Fig. 2. Chromatograms for the analysis of lantadenes isolated from L. camara Linn.var aculeata leaves and ginkgolides isolated from Ginkgo biloba leaves. (A) HPLC
chromatogram of lantadene A standard solution at 210 nm. (B) HPLC chromatogram of lantadene test solution at 210 nm. (C) ELSD chromatogram of ginkgolide B
standard. (D) ELSD chromatogram of ginkgolide test sample. (E) Zoomed ELSD chromatogram of ginkgolide test sample.
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treatment group, but such differences were not significant.
The SOD, GSH and catalase values in silymarin group
(Group V) did not differ significantly from the G. biloba
groups (Groups III, IV). The results of oxidative stress
analysis have been presented in Table 2.

3.8. Gross and histopathology

The animals of control group did not show any signifi-
cant gross and histopathological changes in liver (Fig. 3A).
While animals of lantadenes-treated group (Group II)
showed multiple, small necrotic foci as well as large,
whitish, necrotic masses embedded deep into the paren-
chyma. Statistically, necrosis was significantly higher than
all other treatment groups. Histopathological examination
revealed engorgement of central veins and sinusoids, small
multifocal (Fig. 3B) as well as large irregular areas (Fig. 3C)
of coagulative necrosis surrounded by inflammatory cells
including heterophils. Haemorrhages were noticed within
and around the necrotic areas and at places within the
parenchyma. Degree of necrosis, inflammatory infiltration
and haemorrhages in this group were more severe than all
the other groups. Proliferation of small bile ducts in the
portal triad areas was also noticed. Grossly, the liver of
animals which were administered the lower dose G. biloba
(Group III) revealed congestion and a few pin point necrotic
foci on the parietal surface of one animal only. However,
such foci were not statistically different from control. In
other animals, grossly, the liver appeared healthy and
normal. On histopathology, the liver revealed only mild
cellular degenerative changes and sinusoidal congestion in
a few animals (Fig. 3D). Many double nucleated hepato-
cytes were also seen in centrilobular area. Focal areas of
hepatocytic necrosis with mild leucocytic infiltration were
also observed in one animal. Grossly, the liver of animals
which were administered the higher dose G. biloba (Group
IV) appeared healthy and normal. A few pin point necrotic
foci were noticed in a liver lobe of one animal. However,
such necrotic foci were not statistically significant from
control. In other animals, liver did not show any significant
pathological change (Fig. 3E) except mild sinusoidal
engorgement. Double nucleated hepatocytes and mitotic
figures were frequently observed particularly in cen-
trilobular areas. Hepatocytes, in general, appeared normal.
The liver of silymarin group (Group V) appeared healthy
and normal with only a few pin point necrotic foci on the
periphery of visceral surface of one animal which were
observed as focal areas of hepatocytic necrosis microscop-
ically. In other animals, no significant histopathological
Table 1
Serum biochemical estimations in different treated groups of guinea pigs.

Group ALT (IU/L) AST (IU/L) ALP (IU/L)

I 48.50 � 1.70b 60.00 � 3.89b 91.50 � 3.96c

II 101.50 � 2.10a 180.25 � 22.83a 204.75 � 16.03a

III 52.00 � 0.70b 82.50 � 5.20b 192.25 � 4.32a

IV 48.00 � 0.91b 71.50 � 8.85b 141.75 � 8.39b

V 56.75 � 4.47b 91.00 � 5.95b 117.75 � 6.68bc

a–c Values within columns (between groups) with different superscripts are sign
Group I¼ Control; Group II¼ Lantadenes @ 25mg/kg bw; Group III¼ G. biloba ext
extract @200 mg/kg bw plus Lantadenes @ 25 mg/kg bw; Group V ¼ Silymarin @
changes were observed (Fig. 3F). However, double nucle-
ated hepatocytes were also observed in large numbers
particularly in the centrilobular areas.

3.9. Apoptosis detection

The animals of control group did not show apoptotic
reaction in liver (Fig. 4A). However, the results of TUNEL
assay in liver sections of animals of lantana group (Group II)
showed severe apoptotic reaction. The apoptotic hepato-
cytes were diffusely distributed in all areas of liver paren-
chyma including periportal, midzonal and centrilobular
areas (Fig. 4B). However, in all the remaining groups only
sporadic apoptotic cells were noticed in liver sections
(Fig. 4C–E).

4. Discussion

L. camara causes substantial losses to farmers in India
and Australia, where livestock contributes significantly to
the economy (Sharma et al., 1981a, 1988). On consuming
this plant, grazing animals suffer from hepatotoxicity and
this is an important cause of livestock morbidity and
mortality in lantana-infested regions (Sharma and Makkar,
1981). Lantadenes which are pentacyclic triterpenoids can
be absorbed from all the regions of the digestive tract but
most rapidly from small intestine. It is reported that bile is
not important for the absorption of lantana toxin (Pass
et al., 1981). Sharma et al. (2000) reported that in vitro
anaerobic incubation of lantana leaf powder with guinea
pig caecal contents resulted in biotransformation of LA and
LB to RLA and RLB, respectively. However, no such
biotransformation of lantadenes was observed when
lantana leaf powder was incubated with cattle rumen li-
quor under anaerobic conditions. The RLA, produced as a
result of biotransformation of LA acts as a mitochondrial
uncoupler of oxidative phosphorylation, and LA acts in
other mitochondrial membrane components and such ef-
fects may account for the hepatotoxicity of lantadenes
(Garcia et al., 2010).

In the present study, the percent yield of lantadenes
from powdered L. camara leaves was 0.31%. However,
Sharma et al. (1999) reported 0.53% yield of lantadenes
using the same protocol. The variations found in the con-
centrations of lantadenes might be either due to geo-
climatic variations or due to different methods used for
separation and quantification (Sharma et al., 1983). The
results of reversed-phase HPLC analysis of lantadenes
showed that the purified lantadenes comprised mainly of
ACP (IU/L) Bilirubin (mg/dl) Total proteins (g/dl)

51.15 � 2.55c 0.19 � 0.03a 4.85 � 0.10c

87.20 � 3.30a 0.28 � 0.03a 5.90 � 0.21a

87.77 � 2.00a 0.20 � 0.03a 5.60 � 0.21ab

71.10 � 4.51b 0.18 � 0.03a 5.22 � 0.10bc

85.80 � 3.80a 0.22 � 0.04a 5.42 � 0.08b

ificantly different by ANOVA (P � 0.05). Data are presented as mean � SE.
ract @100mg/kg bw plus Lantadenes @ 25mg/kg bw; Group IV¼ G. biloba
100 mg/kg bw plus Lantadenes @ 25 mg/kg bw.



Table 2
Tissue oxidative damage in the liver homogenate of different treated groups in guinea pigs.

Group Lipid peroxidation
(mM of MDA/g of wet tissue)

Catalase (K/mg protein) Superoxide dismutase
(U/mg protein).

Reduced glutathione
(nM/g of wet tissue)

Protein (mg/dl)

I 0.72 � 0.03bc 21.76 � 1.48a 7.74 � 0.37a 33.40 � 0.54a 93.83 � 1.01ab

II 1.10 � 0.09a 14.85 � 1.44c 5.20 � 0.44c 23.37 � 1.75c 104.25 � 3.46a

III 0.78 � 0.02b 19.90 � 0.72ab 7.16 � 0.31ab 30.20 � 0.69b 92.69 � 3.31b

IV 0.61 � 0.08c 21.80 � 0.87a 7.71 � 0.42a 31.07 � 0.27ab 92.93 � 1.81b

V 0.76 � 0.08b 20.90 � 0.74ab 7.36 � 0.38ab 31.10 � 0.46ab 94.96 � 2.44ab

a–c Values within columns (between groups) with different superscripts are significantly different by ANOVA (P � 0.05). Data are presented as mean � SE.
Group I¼ Control; Group II¼ Lantadenes @ 25mg/kg bw; Group III¼ G. biloba extract @100mg/kg bw plus Lantadenes @ 25mg/kg bw; Group IV¼ G. biloba
extract @200 mg/kg bw plus Lantadenes @ 25 mg/kg bw; Group V ¼ Silymarin @100 mg/kg bw plus Lantadenes @ 25 mg/kg bw.
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LA, which are most commonly involved in producing
hepatotoxicity (Sharma et al., 2007). G. biloba leaf extract
comprised of ginkgolide B, C, and bilobalide with traces of
ginkgolide A and J. Ginkgolide B found in the sample has
been mainly found responsible for inhibiting platelet-
activating factor and thus are able to influence the rheo-
logical properties of blood. Reduction of cerebral oedema
and improvement of brain blood flow after experimental
Fig. 3. Histopathological lesions in the liver tissue sections. (A) Normal architectu
multifocal areas of necrosis in Group II, H&E � 40. (C) A large and irregular shap
H&E � 40. (D)Moderately swollen and degenerated hepatocytes in Group III, H&E �
(F) Comparatively normal appearance of hepatic parenchyma in Group V, H&E � 1
stroke has been attributed to the ginkgolides, especially
ginkgolide B (BN52021) (Birkle et al., 1988) while bilobalide
inhibits the breakdown of membrane phospholipids, a
process that occurs during neurodegeneration (Weichel
et al., 1999).

It was found that G. biloba extract was able to prevent
hepatotoxicity induced by lantadenes and the hep-
atoprotective effect was comparable to silymarin, which is
re of hepatocytes in Group I, H&E � 100. (B) Hepatocytic degeneration and
ed area of coagulative necrosis with inflammatory infiltration in Group III,
100. (E)Mildly swollen and degenerated hepatocytes in Group IV, H&E � 100.
00.



Fig. 4. Demonstration of apoptotic cells in the liver tissue sections by using TdT-mediated dUTP Nick-End Labeling (TUNEL) assay. (A) No apoptosis reaction in
Group I. DAB substrate-Mayer’s Haematoxylin counterstain, TUNEL assay � 100. (B) Marked apoptotic reaction especially around the portal area in Group II. DAB
substrate-Mayer’s Haematoxylin counterstain, TUNEL assay � 100. (C) Very mild apoptotic reaction in Group III. DAB substrate-Mayer’s Haematoxylin coun-
terstain, TUNEL assay � 200. (D) Negligible apoptotic reaction in Group IV. DAB substrate-Mayer’s Haematoxylin counterstain, TUNEL assay � 200. (E) Occasional
cellular apoptosis in Group V. DAB substrate-Mayer’s Haematoxylin counterstain, TUNEL assay � 200.
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one of the reputed commercially available hep-
atoprotectant. It has been suggested that mild but not
severe uncoupling activity of G. biloba leaf extract may be
involved in providing pharmacological protection of
cellular functions in pathological conditions (Baliutyte
et al., 2010). ALT is a hepato-specific enzyme that is
principally found in the cytoplasm of hepatocytes
(Nyblom et al., 2006). The serum ALT and AST levels are
susceptible to hepatotoxins and serve as markers of liver
damage, which promotes the release of such amino-
transferases from hepatocytes into the blood stream. The
elevated levels of ALT and AST in serum of lantadenes
treated animals indicated severe liver damage, as these
enzymes leak out from the hepatocytes into blood at the
site of hepatonecrosis. However, animals which were
administered G. biloba extract as well as silymarin along
with lantadenes showed significant decrease in the levels
of these enzymes in serum in a dose-dependent manner.
The ALP and ACP levels in groups which were adminis-
tered different doses of ginkgo leaf extract and silymarin
also suggested about hepatoprotective action of extract as
levels at both the doses were depressed in a dose-
dependent manner than that of lantana group. Similar to
our findings, Sharma and Sharma (1999) also reported a
marked increase in ALT, AST, ALP, and ACP levels following
oral administration of lantadene A to guinea pigs. Acute
lantana toxicity in female mice resulted in increased
serum ALT levels (Pour et al., 2011). Earlier studies have
also shown the reduction in serum liver marker enzyme
levels by administration of G. biloba extract against
chemically-induced hepatic damage. The protective effect
of G. biloba against CCl4 (Shenoy et al., 2001; Chavez-
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Morales et al., 2011), and rifampicin (Naik and Panda,
2008), -induced hepatotoxicity in rats, as depicted by
lowered levels of ALT and AST has been reported. Simi-
larly, Cavusoglu et al. (2011), Guo et al. (2011) and Yapar
et al. (2010) reported protective role of G. biloba leaf
extract against glyphosate, CCl4 and uranium-induced
hepatotoxicity, respectively in Swiss albino mice. The
molecular mechanism of action of G. biloba is based on the
findings of modulation of several genes involved in lipid
and carbohydrate metabolism, vascular constriction, ion
transportation, neuronal systems and drug metabolism by
Gu et al. (2009) in the liver of rats fed on high-fat diet.
However, no literature could be cited where G. biloba
extract was used against lantadenes-induced hepatotox-
icity. This is apparently the first description of ginkgo leaf
extract treatment preventing lantadenes-induced liver
toxicity.

Malondialdehyde, a main oxidative degradation product
of lipid peroxidation, functions as a marker of oxidative
injury of cellular membranes (Yao et al., 2006). An
increased MDA level in liver suggests enhanced lipid per-
oxidation leading to tissue damage and failure of antioxi-
dant defence mechanism to prevent formation of excessive
free radicals. In the present study, it was found that
lantadenes-induced free radical formation, which led to
formation of lipid peroxides, which in turn resulted in
higher levels of products particularly MDA in lantadenes
treatment group (Group II). Superoxide dismutase has been
reported as one of the most important enzyme in enzy-
matic antioxidant defence system. It scavenges superoxide
anion to form H2O2, hence diminishing the toxic effects
caused by this free radical. Depletion in activities of liver
SOD in lantadenes treated group (Group II) might be due to
enhanced radical (superoxide anions) formation. GSH is
one of the most abundant non-enzymatic biological anti-
oxidant present in liver. GSH is a key component of overall
antioxidant defence system that protects cell from delete-
rious effects of reactive oxygen species (Meister, 1994). The
decreased levels of GSH in lantadenes treatment group
might be due to its utilization by excessive amount of free
radicals generated in damaged cells. Enzymatic antioxi-
dants including SOD and catalase are essential for endog-
enous antioxidative defence system to scavenge reactive
oxygen species and maintain cellular redox balance
(Molina et al., 2003).

In the present study, both the G. biloba extract as well as
silymarin significantly prevented lipid peroxidation.
Decreased lipid peroxidation in ginkgo extract treatment
groups might be through increased GSH levels that scav-
enged the free radicals and due to combined role of anti-
oxidant enzyme system comprising SOD and catalase, that
efficiently scavenged reactive oxygen species, and thus
protecting the hepatocytes from reactive oxygen species
damage. It has been observed that when GSH levels are
markedly decreased, it leads to liver injury. It also appeared
that G. biloba extract might have provided protection by
inhibiting enzymes associated with GSH degradation,
thereby restoring GSH levels. G. biloba extract comprises a
large group of polyphenols and has been shown to be a
potent free radical scavenger and antioxidant (Sticher,
1999). Overall, it appears that G. biloba inhibited lipid
peroxidation by scavenging the free radicals and aug-
menting the cellular antioxidant defence system which is
comprised of GSH, SOD and catalase. G. biloba has been
reported to decrease lipid peroxidation and increase GSH,
catalase and SOD levels in CCl4 (Naik and Panda, 2007) and
rifampicin (Naik and Panda, 2008) -induced hepatotoxicity
in rats. Boveris et al. (2007) reported that in vivo supple-
mentation by G. biloba extract in rats actively protected
microsomal membranes from oxidative damage and pre-
vented lipid peroxidation. Yao et al. (2007) reported that G.
biloba extract resulted in upregulation of heme oxygenase-
1 which might had enhanced the antioxidative capacity
against the ethanol-induced oxidative stress in male rats.
Al-Attar (2012) reported that G. biloba extract has potential
activity against thioacetamide-induced hepatic fibrosis and
also suggested that its constituents are effective in modu-
lating thioacetamide-induced oxidative stress.

The gross and histopathological findings of liver tissues
are in agreement with the results of biochemical and
oxidative stress analysis studies. The results of apoptosis
showed that lantadenes at the dose rate of 25 mg/kg bw
were able to cause cell death both by apoptosis as well as
necrosis. Besides, the G. biloba extract and silymarin were
able to efficiently prevent apoptosis induced by lantadenes
of L. camara. Our findings of apoptosis were in agreement to
earlier work by Dias et al. (2008) which showed that the G.
biloba extract significantly reduced the rates of cell prolif-
eration, apoptosis and p53, TGF-alpha immunoreactivity in
liver of rats chemically induced with carcinogen.

In conclusion, the results of the present study indicated
that G. biloba extract was able to prevent hepatotoxicity
induced by lantadenes in a dose-dependent manner and
the hepatoprotective effect was comparable to silymarin,
which is one of the reputed commercially available hep-
atoprotectant. However, further studies are needed to
ascertain the exact mechanism of hepatoprotection activity
of G. biloba extract against lantadenes in order to stan-
dardize its dosage for practical application.
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