
Hepatoprotective Efficacy of Gold Nanoparticle Synthesized by Green
Method Using Trigonella Foenum-Graecum Seed Extract
Sourav Ghosh and Antony Gomes*

Department of Physiology, University of Calcutta, India
*Corresponding author: Antony Gomes, Department of Physiology, University of Calcutta, India, Tel: +919433139031; Fax: 91-33-2351-9755; E-mail: 
agomescu@gmail.com

Received date: October 21, 2016; Accepted date: November 21, 2016; Published date: December 04, 2016

Copyright: © 2016 Ghosh S, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Earlier study showed the effective hematopoietic potential of gold nanoparticle (FG-GNP) synthesized using
fenugreek seed aqueous extract. The present work was an effort to establish the hepatoprotective activity of FG-
GNP in animal model. Swiss albino male mice (n=4) were grouped into: Gr.1- Sham Control, Gr.2- CCl4 treated (1.5
ml/kg), Gr.3- Standard Drug (Silymarin) treated (100 mg/kg/p.o.), Gr.4- Fenugreek treated (100 mg/kg/p.o.), Gr.5-
FG-GNP treated (0.5 mg/kg/p.o.). Biochemical parameters (AST, ALT, γGT, ACP, ALP, total bilirubin), pro-
inflammatory parameters (IL 1β, IL 17, TNF α), anti-inflammatory parameters (IL 10, Cathepsin K), antioxidant
parameters (GSH, SOD, Catalase) and prooxidant parameter (LPO) were assayed. Histology of liver tissue was
done. AST and ALT release from liver tissue was done by in vitro liver slice model. Statistical analysis was done by
one way ANOVA, values expressed as mean±SE, P<0.05 was considered as statistically significant. CCl4 induction
caused significant increased the serum biochemical parameters, pro-inflammatory parameters, prooxidant and
decrease in anti-inflammatory parameters and anti-oxidants in animal model and increase in AST, ALT release in in
vitro model. Treatment with FG-GNP caused significant decrease in biochemical parameters, pro-inflammatory
parameters, prooxidant and increase in anti-inflammatory parameters, anti-oxidants in animal model and decrease in
AST, ALT release in in vitro model when compared to hepatotoxic control animals. FG-GNP partially recovered CCl4-
induced damages observed in liver histology. The present study showed hepatoprotective potential of FG-GNP
which was >FG. Further studies regarding molecular actions of FG-GNP are warranted.
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Introduction
With the advancement of civilizations, hepatotoxicity is one of the

major causes of large number of deaths per year worldwide.

Hepato-biliary disorders are a threat to the modern society due to
changed lifestyle and misuse of drugs. More than 900 drugs, toxins,
and herbs have been reported to cause liver injury. Approximately 75%
of the idiosyncratic drug reactions result in liver transplantation or
death [1]. Many herbs and herbal compounds have been found to be
effective against hepatotoxicity. The seeds of fenugreek have
hepatoprotective [2-4], anti-inflammatory [5,6] and anti-oxidant
activities [7,8].

Gold nanoparticles have anti-inflammatory potential [9,10]. Gold
nanoparticle (FG-GNP) synthesized using the reducing property of
aqueous extract of the seed of Trigonella foenum-graecum (fenugreek,
FG) has already been reported to have hematopoietic and antioxidant
potential [11].

The present study was an approach to evaluate whether gold
nanoparticle tagging with fenugreek seed extract can increase the
efficacy of the herb against chemical/drug induced experimental
hepatotoxicity.

Methods

Trigonella foenum graecum (Fenugreek) seed and synthesis
of gold nanoparticle (FG-GNP)

Trigonella foenum graecum (Fenugreek) seed was collected from
M/s united Chemical and Allied Products, Kolkata, India.

100 gm of finely powdered seed was mixed with 1000 ml of distilled
water and was kept at 4–8°C for 24 hours. It was then filtered and the
filtrate was collected. The filtrate was centrifuged at 8000 rpm for 1
hour. The dry weight of the supernatant was measured and finally used
for the experiments. This aqueous fenugreek seed extract (FS) was kept
at 2–8°C for further use. Gold nanoparticle was synthesized from gold
salt by using the reducing property of FG as described earlier [11].

Animals
Swiss albino male mice (20 ± 2 gm) were obtained from authorized

animal suppliers of the University of Calcutta, Kolkata India. The
animals were housed in appropriate cages in a well ventilated room
with controlled atmosphere (temperature: 25 ± 3°C, humidity: 50 ±
15% and 12:12 hour light: dark cycle). All the animals were provided
with standard food and water ad libitum. All experimental protocols
described in this study were approved by the animal ethical committee
(Reference number: IAEC/ Revised Proposal/ AG-01/ 2012; dt:
01.02.2013), University of Calcutta and the animals were maintained as
per the guideline of the Committee for the Purpose of Control and
Supervision of Experiments on Animal (CPCSEA), Government of
India.
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Hepatotoxicity induction and treatment schedule
Animals were taken in 5 groups (n=6): Group 1 (Control group),

Group 2 (hepatotoxicity control group, CCl4 treated), Group 3
(Standard drug Silymarin treated), Group 4 (FG treated) and Group 5
(FG-GNP treated). Animals of group 3, 4 and 5 were treated for 0-10
days with Silymarin (100 mg/kg/po), FG (100 mg/kg/ip) and FG-GNP
(100 µl/kg/ip), respectively. On 11th day, CCl4 was induced (1
ml/kg/po) in animals of group 2, 3, 4 and 5 animals. On 13th day,
blood and liver tissues were collected from all animals and
biochemical, anti-oxidant, cytokine parameters, histology of liver
tissue were done and liver slice model was performed.

Biochemical parameters
Aspartate transaminase (AST), alanine transaminase (ALT), γ-

glutamyl transaminase (γGT), acid phosphatase (ACP), alkaline
phosphatase (ALP) and total bilirubin from serum were estimated
using biochemical kit (Labkit, India).

Antioxidant parameters: Reduced glutathione (expressed as µM/mg
protein), superoxide dismutase (IU/mg protein) and lipid peroxidase
(MDA/mg protein) were estimated from the serum [12-14]. Serum
protein was estimated to express the antioxidants [15]. Heparinised
blood was centrifuged for 10 min at 3000 rpm and 1% solution of
packed cell volume was used as RBC lysate. From this lysate, catalase
(µM/mg hemoglobin) was estimated according to Beers and Sizers
[16].

Cytokine assay: IL 17, IL 1β, TNF α, IL 10 and cathepsin K were
assayed from serum using ELISA kit (R&D, USA) as per instruction of
the manufacturer.

Histology of liver tissue: Tissues were collected, fixed in 10%
buffered formalin for 24 hrs. The tissues were then dehydrated in
graded (50-100%) ethanol followed by clearing in Xylene. Paraffin
(56-58°C) embedding was done at 58 ± 1°C for 4 hours, followed by
paraffin block preparation. Paraffin sections of 5 µ were cut using a
rotary microtome. Paraffin sections were deparaffinised with xylene,
stained with hematoxylin- eosin, followed by mounting in DPX with a
cover slip. Histology of liver tissue was observed with a bright field
microscope (Motic, Germany) and photographs were captured with
Motic software (Motic Images Plus 2.0 software).

In vitro liver toxicity: Mice livers were isolated from adult fasted
male Swiss albino male mice and 100 mg of liver was taken in each of
the groups (n=4): Group 1 (Sham control), Group 2 (Hepatotoxic
control), Group 3 (Silymarin treated), Group 4 (FG treated) and Group
5 (FG-GNP treated). To avoid inter experimental variations due to the
circadian rhythm of the mice, isolation of the livers was always
performed between 9 and 11 A.M. Slices were prepared from the whole
liver and randomly selected for incubation and sampling. As soon as
the liver slices were made, they were incubated with phosphate
buffered saline with 25 mM D-glucose. Slices were transferred to 5 ml
tubes containing 2 ml phosphate buffered saline and oxygen was given
(1 bubble/sec). Temperature was maintained at 37 ± 1°C throughout
the experiment. At the start of the incubation period, 1 mM
acetaminophen was added in the tubes of group 2, 3, 4 and 5 liver
slices. At the same time 2.5 μg of Silymarin, FG and FG-GNP were
added to tubes of group 3, 4 and 5 liver slices, respectively. All the slices
were incubated for 2 hour. After 2 hour the incubated fluid was
collected and AST and ALT were measured from the incubated fluid
using biochemical kits (Labkit, India).

Statistical Analysis
Statistical significance was evaluated by one way analysis of variance

(ANOVA) and P<0.05 was considered statistically significant. Values
were expressed as mean ± standard error of mean (n=6).

Results

Biochemical parameters
There was significant (P<0.05) increase in AST (86.8%), ALT

(82.2%), γGT (49.8%), ACP (86.8%), ALP (82.2%) and total bilirubin
(49.8%) in group 2 hepatotoxic control mice when compared to group
1 normal mice, suggesting CCl4 induced hepatotoxicity in animals.
Treatment with FG-GNP in group 5 animals caused significant
(P<0.05) decrease in AST (30.5%), ALT (31.2%), γGT (17.4%), ACP
(30.5%), ALP (31.2%) and total bilirubin (17.4%) in group 5 animals
when compared to group 2 hepatotoxic control animals. FG treatment
in group 4 animals caused significant (P<0.05) decrease in AST
(36.0%), ALT (26.1%), γGT (27.9%), ACP (36.0%), ALP (26.1%) and
total bilirubin (27.9%) in group 4 animals when compared to group 2
hepatotoxic control animals. Treatment with standard drug
(Silymarin) in group 3 animals caused significant (P<0.05) decrease in
AST (33.6%), ALT (30.3%), γGT (18.2%), ACP (33.6%), ALP (30.3%)
and total bilirubin (18.2%) in group 3 animals when compared to
group 2 hepatotoxic control animals (Figure 1).

Figure 1: Effect of FG-GNP on biochemical parameters in CCl4
induced hepatotoxicity in male albino mice. Values were expressed
as mean ± standard error of mean, statistical analysis was done with
one way ANOVA, #P<0.05 when compared to group 1, *P<0.05
when compared to group 2. Group 1: Control group, Group 2:
hepatotoxic control group, Group 3: Silymarin treated, Group 4: FG
treated and Group 5: FG-GNP treated.

Antioxidant parameters
There was significant (P<0.05) decrease in GSH (27.2%), SOD

(46.1%), catalase (45.9%) and increase in LPO (80.5%) in group 2
hepatotoxic control mice when compared to group 1 normal mice,
suggesting CCl4 induced oxidative stress in animals. Treatment with
FG-GNP in group 5 animals caused significant (P<0.05) increase in
GSH (33.1%), SOD (66.5%), catalase (67.2%) and decrease in LPO
(37.3%) when compared to group 2 hepatotoxic control animals. FG
treatment in group 4 animals caused significant (P<0.05) increase in
GSH (28.7%), SOD (68.6%), catalase (61.4%) and decrease in LPO
(31.2%) when compared to group 2 hepatotoxic control animals.
Treatment with standard drug (Silymarin) in group 3 animals caused
significant (P<0.05) increase in GSH (21.9%), SOD (44.2%), catalase
(57.8%) and decrease in LPO (31.9%) when compared to group 2
hepatotoxic control animals (Figure 2).
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Figure 2: Effect of FG-GNP on antioxidant parameters in CCl4
induced hepatotoxicity in male albino mice. Values were expressed
as mean ± standard error of mean, statistical analysis was done with
one way ANOVA, #P<0.05 when compared to group 1, *P<0.05
when compared to group 2. Group 1: Control group, Group 2:
hepatotoxic control group, Group 3: Silymarin treated, Group 4: FG
treated and Group 5: FG-GNP treated.

Cytokine parameters
There was significant (P<0.05) increase in IL 17 (83.3%), IL 1β

(102.2%), TNF α (50.3%) and decrease in IL 10 (35.2%), cathepsin K
(70.4%) in group 2 hepatotoxic control mice when compared to group
1 normal mice, suggesting CCl4 induced oxidative stress in animals.
Treatment with FG-GNP in group 5 animals caused significant
(P<0.05) decrease in IL 17 (34.9%), IL 1β (32.7%), TNF α (24.1%) and
increase in IL 10 (47.4%), cathepsin K (205.2%) when compared to
group 2 hepatotoxic control animals. FG treatment in group 4 animals
caused significant (P<0.05) decrease in IL 17 (24.8%), IL 1β (35.4%),
TNF α (26.1%) and increase in IL 10 (53.0%), cathepsin k (199.5%)
when compared to group 2 hepatotoxic control animals. Treatment
with standard drug (Silymarin) in group 3 animals caused significant
(P<0.05) decrease in IL 17 (41.8%), IL 1β (47.0%), TNF α (24.1%) and
increase in IL 10 (48.2%), cathepsin K (161.1%) when compared to
group 2 hepatotoxic control animals (Figure 3).

Figure 3: Effect of FG-GNP on cytokine parameters in CCl4
induced hepatotoxicity in male albino mice. Values were expressed
as mean ± standard error of mean, statistical analysis was done with
one way ANOVA, #P<0.05 when compared to group 1, *P<0.05
when compared to group 2. Group 1: Control group, Group 2:
hepatotoxic control group, Group 3: Silymarin treated, Group 4: FG
treated and Group 5: FG-GNP treated.

Histology of liver
Histology of liver of group 1 control animals showed normal

architecture, intact central canal and prominent hepatocytes. After
induction of CCl4 in group 2 hepatotoxic animals, there was disruption
of central canals, centrizonal necrosis, nuclear disintegration,
vacuolization and fatty infiltration. Treatment with FG-GNP showed
partial recovery of cellular architectures (less necrosis, less
vacuolization, intact nucleus and less fatty infiltration as compared
with group 2 hepatotoxic control) as shown in Figure 4.

Figure 4: Effect of nanoparticles on the histology of liver tissue in
CCl4 induced hepatotoxicity in male albino mice. (Hematoxylene-
Eosin Stain, 150X magnification). a. Normal, b. CCl4 treated, c. FG-
GNP treated.

In vitro liver toxicity
There was significant (P<0.05) increase in AST (86.8%) and ALT

(82.2%) release in group 2 hepatotoxic control liver slice when
compared to group 1 normal liver slice. Standard drug (iron-sucrose)
treatment in group 3 liver slice caused significant (P<0.05) decrease in
AST (33.6%) and ALT (30.3%) release when compared to group 2
hepatotoxic liver slice group. FG treatment in group 4 liver slice caused
significant (P<0.05) decrease in AST (36.0%) and ALT (26.1%) release
when compared to group 2 hepatotoxic control group. FG-GNP
treatment in group 5 liver slice caused significant (P<0.05) decrease in
AST (30.5%) and ALT (31.2%) release when compared to group 2
hepatotoxic control group (Figure 5).

Discussion
Hepatotoxicity is one of the major health hazards in the present

society and is still one of the major causes of casualties worldwide.
There are many limitations of hepatoprotective therapeutics, which
lead to the need of development of alternative treatment protocol
against. In many traditional systems of medicine, there were mention
of herbs and herbal products used in protecting liver function.
Medicinal plants along with metals and minerals have been found
useful in the treatment and management of pathophysiological
conditions [17,18]. Literatures show that processing of medicinal herbs
and metallic formulations (including mercury, gold, silver copper, iron,
tin lead, zinc etc.) may bring down its size to nanometer range [19,20].
Being so small in size, they are more powerful because the constituent
metals and minerals do not react with the tissues of the body [21]. In
recent years, metal nanoparticles are being synthesized using the
reducing property of herbs with effective therapeutic potential. Green
metal nanoparticle produced by using this method is beneficial against
anemia, cancer, metastasis, diabetes, drug delivery etc. [22]. The seed
of fenugreek has already been reported as hepatoprotective agent [2-4].
In the present study, combination of fenugreek seed extract with gold
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nanoparticle was done in order to increase the hepatoprotective
efficacy of fenugreek seed extract in animal models.

Figure 5: Effect of FG-GNP on biochemical parameters in in vitro
acetaminophen induced hepatotoxicity. Values were expressed as
mean ± standard error of mean, statistical analysis was done with
one way ANOVA, #P<0.05 when compared to group 1, *P<0.05
when compared to group 2. Group 1: Control group, Group 2:
hepatotoxic control group, Group 3: Silymarin treated, Group 4: FG
treated and Group 5: FG-GNP treated.

Experimental hepatotoxicity can be induced by several agents
among which using carbon tetrachloride, acetaminophen,
galactosamine, thioacetamide, lead, bromobenzene, alcohol,
azathioprine etc. are common [23]. In the present study, carbon
tetrachloride was used for convenience (availability, route of
application, dose standardization etc.). CCl4 is activated by
cytochrome in the liver, forms trichloromethyl radical (CCl3) and
causes fatty degeneration, fibrosis, hepatocyte death, and
carcinogenicity. CCl3 radical can bind to cellular molecules (nucleic
acid, protein, lipid) and interfere with crucial cellular processes such as
lipid metabolism leading to fatty degeneration. This radical can also
react with oxygen to form highly reactive oxygen species i.e.,
trichloromethylperoxy radical (CCl3OO*), initiating lipid peroxidation
of biological membranes. CCl4 activates TNF α, nitric oxide, and
transforming growth factors in the cell which direct the cell towards
fibrosis [24]. Normally transaminases and other enzymes are present
inside the hepatocytes and they do not appear in circulation. CCl4-
induced hepatotoxicity causes membrane rupture of hepatocytes which
in turn causes the enzymes to be leaked out from the cells. As a result,
blood transaminase levels increase. Treatment with FG-GNP caused
decrease in transaminases, phosphatases and total bilirubin in serum,
which indicated the hepatoprotective role of the particle in animal
model.

As CCl4 forms highly reactive oxygen species, it mediates oxidative
stress during pathogenesis of hepatotoxicity [25,26]. Very likely, the
herbal compounds present in fenugreek (terpenoids, flavonoids,
alkaloids etc.) mediated antioxidant effects to inhibit the pathogenesis
of hepatotoxicity. Previous studies confirmed the association of
proinflammatory and anti-inflammatory cytokines in progression of
hepatotoxicity [27,28]. In the present study induction of CCl4 caused
an increase in proinflammatory cytokines (such as IL 17, IL 1β and
TNF α) and decrease in anti-inflammatory cytokines (IL 10 and
cathepsin K), suggesting a proinflammatory environment inside the

liver. Treatment with FG-GNP caused decrease in proinflammatory
cytokines and increase in anti-inflammatory cytokines level.

Studies have already established the hepatotoxicity induced by CCl4
at molecular/cellular level, which could be examined through
histological studies of liver [29,30]. CCl4 causes fatty degeneration,
fibrosis, hepatocyte death, and carcinogenicity. In the present study,
there was disruption and necrosis of central canal, fatty infiltration,
vacuolization and nuclear disintegration after CCl4 induction.
Treatment with FG-GNP caused partial recovery of the cellular
structures. There were intact nucleus, less fatty infiltration, less
vacuolization and less necrosis of central canal after treatment with
FG-GNP.

The herbal compounds present in fenugreek seed (terpenoids,
flavonoids and alkaloids) exerted their anti-inflammatory and
antioxidant activities, which, in combination with gold nanoparticle
helped to ameliorate chemical/drug- induced hepatotoxicity in animal
model. It was observed from the present study that hepatoprotective
potential of FG-GNP>fenugreek. Very likely, it was due to the
combination of gold nanoparticle and fenugreek, which helped
targeted delivery of FG-GNP.

Conclusion
To conclude, FG-GNP exerted its hepatoprotective effects in

experimental animals by acting as an anti-inflammatory agent, and its
antioxidant property helped to reduce the pathogenesis of chemical/
drug-induced hepatotoxicity. Further work may uncover the detailed
mechanism of the management of hepatotoxicity by using the herbal-
nanoparticle combination.
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