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ABSTRACT: Background: The liver is the major detoxification organ that
deactivates and removes toxic chemicals. The oxidative stress-mediated toxicity of
chemicals involves destruction primarily to liver tissue (Hepatotoxicity), which
could lead to cancer. Diosgenin, a steroidal sapogenin, is reported to be an apoptosis
inducer, antineoplastic and antioxidant. The present study is aimed to screen
diosgenin for its effect on diethylnitrosamine induced hepatotoxicity in rats.
Materials and Methods: 48 male Wistar rats were divided into 6 groups of 8
animals each. Group 1: the vehicle was given to the animals for 8 weeks. Group 2:
den control, group 3 sorafenib, groups 4, 5, and 6 diosgenin (10, 20, and 40 mg/kg,
respectively). Groups 2 to 6 were administered with 0.01% den in drinking water for
8 weeks. The respective treatment started from 4 th week and continued till the 11th
week. At the end of the study, animals were sacrificed for the determination of
biochemical, antioxidant, and histological parameters. Results: Administration of
den caused a significant increase in the levels of serum AST, ALT, ALP, LDH, and
liver malondialdehyde as compared with control while the levels of glutathione,
catalase, and superoxide dismutase were significantly decreased. Oral
supplementation of diosgenin led to a significant decrease in the levels of AST,
ALT, ALP, LDH, and malondialdehyde and increased the levels of glutathione,
catalase, and superoxide dismutase. The liver histology of diosgenin administered
groups was preserved. Conclusion: Diosgenin was found to prevent, slow, and treat
the occurrence of hepatotoxicity.

INTRODUCTION: Hepatocellular carcinoma
(HCC) is a malignant condition that is a multistep
development that includes initial geno toxins insult,
clonal
expansions
of
hepatocytes
from
premalignant neoplasia, or foci lesions, and finally
tumor progression. Hepatocellular carcinoma
signifies one of the most common types of
malignancies worldwide, with a significant increase
in mortality rate 1.
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In developed countries, it is considered as the third
cause of cancer-related death 2. Hepatocellular
carcinoma (HCC) is a widely documented danger
to the liver. There are few successful corrective
choices for this severe condition 3. Worldwide,
chronic hepatitis B and C virus infection is a firm
etiological factor for HCC as it causes DNA
damage via activation of inﬂammation and reactive
oxygen species formation 4.
Toxic exposure (alcohol abuse, aﬂatoxin B1 intake
from contaminated food), liver cirrhosis, obesity,
and nonalcoholic fatty liver disease also contribute
to the development of HCC 5. Alcohol
consumption, foods contaminated with fungal
toxins, toxic industrial chemicals, air/water
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pollutants, and hepatitis viral infection are the
major risk factors associated with HCC.
Approximately 7.5 L of fresh cases of HCC per
year occurs universally, which makes HCC as the
5th common cause of cancer. Liver cancer is
abundant more common in countries in SubSaharan Africa and Southeast Asia than in the US.
More than 800,000 people are diagnosed with this
cancer each year throughout the world.
Liver cancer is also a prominent cause of cancer
deaths worldwide, accounting for more than
700,000 deaths each year. The incidence rate of
HCC in India for men ranges from 0.7 to 7.5 and
for women 0.2 to 2.2 per 100,000 populations per
year. The incidence of HCC in cirrhotics in India is
1.6% per year. The male: female ratio for HCC in
India is 4:1. The age of presentation varies from 40
to 70 years. The age-standardized mortality rate for
HCC in India for men is 6.8/100,000, and for
women is 5.1/100,000. In the case of liver cancer
treatment, surgical removal of livers is significant
surgery, especially since the liver is rich in a blood
vessel. There are side effects include infections,
blood clots, pneumonia.
The drugs sorafenib, ramucirumab and cabozantinibare in use for liver cancers that can't be
removed surgically and they act in part by
hindering new blood vessel growth. There are other
managements available for HCC but has limitation
like in early-stage, resection is possible, but
chances of recurrence is high. In liver
transplantation, the scarcity of donor and acceptor
is more so this problem is associated with
transplantation.
Though the number of medications available for
the treatment of liver ailments and hepatotoxicity is
limited, there is the number of plant-origin
medicaments which offer hepatoprotective effect.
However, scientific proof of their impact is not
validated. Hence, it will be worthwhile to screen
such compounds, which will lead to their use in the
prevention of liver cancer similar to silymarin 6.
Diosgenin is a bioactive steroidal sapogenin that
belongs to the triterpene group and is of great
benefit to the pharmaceutical industry 7. Diosgenin,
a well-known steroidal sapogenin obtained by the
hydrolysis of the saponindioscin, from plants,
namely, from Dioscorea, Trigonella, Costus 8 and
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Smilax species 9. It has a role as an apoptosis
inducer, an antiviral agent, an antineoplastic agent
and a metabolite. Diethyl nitrosoamine (DEN), also
known as n-nitrosodiethylamine, is widely used as
a carcinogen in experimental animal models.
Diethyl nitrosamine (DEN) can be given by oral
route with drinking water or intraperitoneal route to
the animals, which produces reactive oxygen
species and increases oxidative stress which leads
to damage of critical cellular biomolecules such as
lipids, proteins and deoxyribonucleic acid (DNA)
and thereby causes hepatocellular carcinoma 10.
Diosgenin is reported to have anti-cancer, antiinflammatory, and antioxidant properties. Based on
the above perspective, the present study was
designed to study its effect in DEN induced
hepatotoxicity.
MATERIALS AND METHODS:
Animals: 48 male Wistar rats (weighing 150-180
gm) were obtained from the National Institute of
Biosciences, Pune (India). The animals were
housed in solid bottom polypropylene cages. They
were maintained at 24 ± 1 °C, with relative
humidity 45-55% and 12:12 h dark/light cycle.
The animals had free access to standard pellet chow
(Prashant enterprises, Pune, India) and open access
to water throughout the experiment protocol. The
experimentation was approved by the Institutional
Animal Ethics Committee (IAEC) of Poona
College of Pharmacy, Pune (Registration number
1703/PO/Re/S/01/CPCSEA dated 17/06/2016)
constituted under Committee for Control and
Supervision of Experiments on Animals
(CPCSEA).
The
approval
number
is
CPCSEA/PCP/PCL12/2018-19.
Chemicals and Their Sources: DEN and
diosgenin were procured from Sigma Aldrich,
USA. Standard drug sorafenib was obtained from
Lupin Limited, Pune, and Maharashtra. All other
chemicals purchased from Pune, Maharashtra.
EXPERIMENTAL DESIGN: The experimental
animals were divided into six groups, each group
comprising of eight animals.
Group 1: Vehicle control group: Animals were not
treated with the drug; the only vehicle was given to
the animals for eight weeks.
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Group 2: DEN control group: 0.01% DEN in
drinking water was given to the animals for eight
weeks 11.

and part of the liver tissue was fixed in 10% neutral
buffered formalin for 24 h for histopathological
examination.

Group 3: Standard treated group: 0.01% DEN in
drinking water was given to the animals for eight
weeks and treated with sorafenib (5 mg/kg) from 3
to 11 weeks of induction.

Biochemical Parameters: For biochemical
estimation, blood samples were allowed to clot at
room temperature and centrifuged at 1500 rpm for
10 min to separate the serum. The biochemical
para-meters, such as AST, ALT, ALP, and LDH,
were estimated using a UV-Visible spectrophotometer (JASCO Japan). For lipid peroxidation
studies and enzymatic antioxidant 10% liver tissue
homogenate (0.2 M phosphate buffer, pH 7.4) was
prepared, the homogenate was then centrifuged at
2500 r/min for 15 min at 4 °C in a refrigerated
centrifuge. The resultant supernatants were
maintained in an ice bath. The activities of
antioxidant enzymes superoxide dismutase (SOD),
catalase (CAT), and GSH were estimated by the
methods of respectively. Levels of lipid
peroxidation (LPO) products were estimated in
liver tissue homogenate 12, 13.

Group 4: Diosgenin (10 mg/kg) treated: 0.01%
DEN in drinking water was given to the animals for
eight weeks and treated with diosgenin (10 mg/kg)
from 3 to 11 weeks of induction.

FIG. 1: SCHEMATIC REPRESENTATION OF THE
EXPERIMENTAL PROTOCOL

Group 5: Diosgenin (20 mg/kg) treated: 0.01%
DEN in drinking water was given to the animals for
eight weeks and then treated with diosgenin (20
mg/kg) from 3 to 11 weeks of induction.
Group 6: Diosgenin (40 mg/kg) treated: 0.01%
DEN in drinking water was given to animals for
eight weeks and then treated with diosgenin (40
mg/kg) from 3 to 11 weeks of induction.
All groups except the vehicle control group of
animals
were
induced
by
0.01%
Nnitrosodiethylamine through drinking water for
eight weeks. Groups 3 was treated with sorafenib
(5 mg/kg), while 4, 5, and six were treated with
diosgenin in 10, 20, 40 mg/kg p. o. Every day for
eight weeks. After three weeks of DEN induction,
the respective treatment was given to group 3 to 6
for eight weeks once daily orally. Then after eight
weeks of treatment, the blood sample was collected
for evaluation of parameters. The animals were
sacrificed, and liver tissues were collected for
antioxidant and histopathology parameters. Blood
serum was separated by centrifugation (2500 rpm ×
10 min) and stored at -80 °C until further analyzed,

Histological Examination: On the last day of
study, animals were sacrificed by using thiopentone
sodium (100 mg/kg), dissected, and liver were
collected for histopathology. The liver was fixed in
the neutral buffered formalin solution; Formalinfixed liver tissues were dehydrated using gradient
concentrations of ethanol, were hed in xylene, and
embedded in paraffin wax. Tissue blocks were
sectioned at 5-6 μM thickness, deparaffinized, and
stained with hematoxylin and eosin and analyzed
under a microscope.
Statistical Analysis: Results were expressed as
mean ± sem and analyzed by One way ANOVA
followed by Dunnett’s test.
RESULTS:
Effect of Diosgenin on Bodyweight and Liver
Weight in DEN Induced Hepatotoxicity in Rats:
The bodyweight of the DEN control group was
significantly decreased as compared to the vehicle
control group.
In the diosgenin treated group (20 and 40 mg/kg),
the body weight was significantly increased as
compared to the DEN control group. The body
weight was significantly increased in sorafenib
treated groups as compared to the DEN control
group. However, the bodyweight of diosgenin (10
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mg/kg) treated group was not altered when
compared to DEN control Table 1. The body
weight changes suggest that the diosgenin at the
dose (20 and 40 mg/kg) could reverse DEN
induced cachexia. The liver weight was
significantly increased in the DEN control group as
compared to the vehicle control group. On the
treatment with diosgenin, the liver weight was
significantly decreased in (20 and 40 mg/kg)
treated groups as compared to the DEN control
group. Treatment with sorafenib significantly
decreased liver weights. However, the observation
confirms and that diosgenin could attenuate the
liver weight increase due to DEN Table 1.
TABLE
1:
EFFECT
OF
DIOSGENIN
ON
BODYWEIGHT AND LIVER WEIGHT IN DEN
INDUCED HEPATOTOXICITY IN RATS
Groups
Difference in
Relative
body weight (g) liver weight
Vehicle Control
105.25±
0.0284±
1.34
0.00013
DEN Control
16.32±
0.0725±
5.80###
0.00011###
Standard (Sorafenib
80.13±
0.0373±
5mg/ kg )
2.01***
0.00008***
Diosgenin 10 mg/kg
29.32±
0.0473±
12.20
0.00011***
Diosgenin 20 mg/kg
53.21±
0.0403±
1.12***
0.00014***
Diosgenin 40 mg/kg
70.12±
0.0384±
4.82***
0.0001***
Values are expressed as mean ± sem n = 8 and analyzed by
one way ANOVA followed by Dunnet’s test, ### p<0.001
when compared to vehicle control and *p<0.05, ***p<0.001
when compared to DEN control

Effect of Diosgenin on Biochemical Parameters
in Den Induced Hepatotoxicity in Rats: Oral
administration of DEN in DEN control group
resulted in a significant increase (p< 0.001) in the
aspartate aminotransferase (AST) level as
compared to vehicle control rats (49.83%).
Treatment with diosgenin (10, 20, and 40 mg/kg, p.
o.) for eight weeks showed a significant decrease in
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the level of AST (7%, 18.58%, 32%), respectively,
as compared to DEN control group. Animals
treated with sorafenib (5 mg/kg p. o.) for eight
weeks, showed a significant decrease in the level of
AST (36.44%) compared to DEN control group
Table 2.
Oral administration of DEN resulted in a
significant increase (p<0.001) in the alanine
aminotransferase (ALT) level of the DEN control
group compared to vehicle control rats (56.2%).
Treatment with diosgenin (10, 20, and 40 mg/kg, p.
o.) for eight weeks showed a significant decrease in
the level of ALT (11.4%, 22.2%, 40%) as
compared to DEN control group. Animals treated
with sorafenib (5mg/kg p. o.) for eight weeks
showed a significant decrease in the level of AST
(46.86%) compared to DEN control group Table 2.
Oral administration of DEN resulted in a
significant increase (p< 0.001) in the alkaline
phosphatase (ALP) level of the DEN control group
compared to vehicle control rats (48.36%).
Treatment with Diosgenin (10, 20, and 40 mg/kg,
p. o.) for eight weeks showed a significant decrease
in the level of AST (11.64%, 23.68%, 24.39%) as
compared to DEN control group. Animals treated
with sorafenib (5 mg/kg p.o.) for eight weeks
showed a significant decrease in the level of ALP
(33.08%) compared to DEN control group Table 2.
Oral administration of DEN resulted in a
significant increase (p< 0.05) in the lactate
dehydrogenase LDH level of the DEN control
group compared to vehicle control rats (52.26%).
Treatment with diosgenin (10, 20, and 40 mg/kg, p.
o.) for eight weeks, showed a significant decrease
in the level of AST (18.83%, 23.93%, 29.30%) as
compared to DEN control group. Animals treated
with sorafenib (5 mg/kg p. o.) for eight weeks,
showed a significant decrease in the level of LDH
(42.15%) compared to DEN control group Table 2.

TABLE 2: EFFECT OF DIOSGENIN ON BIOCHEMICAL PARAMETERS IN DEN INDUCED HEPATOTOXICITY IN RATS:

Treatment (60 Days )
AST(IU/L)
ALT(IU/L)
ALP(IU/L)
LDH(IU/L)
Vehicle control
84.55 ± 1.541
31.21 ± 1.448
101.27 ± 4.612
159.51 ± 5.962
DEN control
168.55 ± 2.700###
71.26 ± 2.281###
196.13 ± 4.012###
334.18 ± 9.124###
***
***
***
Standard sorafenib 5 mg/ kg
107.12 ± 2.739
42.14 ± 2.821
131.24 ± 1.781
193.31 ± 5.124***
*
*
*
Diosgenin 10 mg/kg
156.61± 4.058
63.13 ± 1.452
173.29 ± 1.818
271.25 ± 3.081***
***
**
***
Diosgenin 20 mg/kg
137.22 ± 1.435
55.41± 1.451
150.27 ± 1.015
254.21 ± 3.812***
***
***
***
Diosgenin 40 mg/kg
114.14 ± 2.810
42.11 ± 1.431
148.28 ± 3.71
236.28 ± 3.721***
Values are expressed as mean ± sem n = 8 and analyzed by One way ANOVA followed by Dunnett’s test, ### p<0.001 when
compared with vehicle control and *p<0.05, **p<0.01, ***p<0.001 when compared to DEN control
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Effect of Diosgenin on Antioxidant Parameters
in DEN Induced Hepatotoxicity in Rats: Oral
administration of DEN resulted in a significant
decrease (p<0.001) in the GSH level of DEN
control group compared to vehicle control rats
(49.91%).
Treatment with diosgenin (10, 20, 40 mg/kg, p. o.)
for 8 weeks, showed significant increase in level of
GSH (9.75%, 23.1%, 37.08%) as compared to DEN
control Animals treated with sorafenib (5 mg/kg p.
o.) for 8 weeks, showed significant increase in level
of GSH (36.40%) compared to DEN control group
Table 3.
Oral administration of DEN resulted in a
significant increase (p<0.001) in the MDA level of
the DEN control group compared to vehicle control
rats (74.28%). Treatment with diosgenin (10, 20,
40 mg/kg, p. o.) for eight weeks, showed a
significant decrease in the level of MDA (24.77%,
39.13%, 49.10%) as compared to DEN control
group. Animals treated with sorafenib (5 mg/kg p.
o.) for eight weeks, showed a significant decrease
in the level of MDA (62.23%) compared to DEN
control group Table 3.
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Oral administration of DEN resulted in a
significant increase (p< 0.05) in the SOD level of
the DEN control group compared to vehicle control
rats (68.44%). Rats treated with diosgenin (10, 20,
40 mg/kg, p. o.) for eight weeks showed a
significant decrease in the level of SOD (3.8%,
8.8%, 13.7%) as compared to DEN control group.
Rats treated with sorafenib (5 mg/kg p. o.) for eight
weeks showed a significant decrease in the level of
SOD (62.59%) compared to the DEN control
group. However, the SOD level of diosgenin (10
mg/kg) treated group was not changed when
compared to DEN control Table 3.
Oral administration of DEN resulted in a
significant increase (p<0.001) in the catalase level
in the DEN control group compared to vehicle
control rats (53.26%). Treatment with diosgenin
(10, 20, 40 mg/kg, p. o.) for eight weeks showed a
significant decrease in the level of catalase (12.9%,
40%, 67.7%) as compared to DEN control group.
Animals treated with sorafenib (5 mg/kg p. o.) for
eight weeks, showed a significant decrease in the
level of catalase (41.18%) compared to DEN
control group Table 3.

TABLE 3: EFFECT OF DIOSGENIN ON ANTIOXIDANT PARAMETERS IN DEN INDUCED HEPATOTOXICITY
IN RATS:
Treatment
GSH
MDA
SOD
CAT
(60 Days)
(µg/g of protein)
(µg/g of protein)
(µg/g of protein)
(µg/g of protein)
Vehicle control
84.16 ± 4.812***
28.11 ± 1.312***
32.23 ± 3.051***
84.32 ± 1.782***
###
###
###
DEN control
42.15 ± 1.25
109.31 ± 1.96
10.17 ± 0.691
39.41 ± 1.31###
***
***
***
Standard (sorafenib 5 mg/ kg )
66.28 ± 1.05
41.28 ± 1.12
27.19 ± 1.312
66.65 ± 0.82***
***
Diosgenin 10 mg/kg
46.26 ± 1.125
82.23 ± 3.321
14.13 ± 0.801
44.51 ± 0.942
Diosgenin 20 mg/kg
52.23 ± 0.912**
70.81 ± 1.96***
19.19 ± 1.521**
55.43 ± 1.72***
Diosgenin 40 mg/kg
57.78 ± 1.62***
55.21 ± 3.412***
24.12 ± 1.025***
66.12 ± 1.92***
###
Values are expressed as mean ± sem n = 8 and analyzed by One way ANOVA followed by Dunnett’s test,
p<0.001 when
compared with vehicle control and *p<0.05, **p<0.01, ***p<0.001 when compared to DEN control

Histological Examination: The liver section of the
vehicle control (A) group showed the vehicle
architecture of hepatocyte and intact cell
membranes. DEN control group (B) showed
hepatocyte morphology with diffused vacuolization
and bright cell foci (white cell space) and also
raised border of cells and condition of dysplasia
(pre-hepatoma phase).
The standard group (C) showed a vehicle liver
pattern with loss of vacuolization and radially
arranged hepatocytes similar to the vehicle control
group. The treatment group with low dose (D)
indicates significantly decrease vacuolization as

compared to the DEN control group (B). The middose (E) indicates the rearrangement of the cells.
The treatment group with a high dose (F)
significantly alters the morphology of cells. The
high dose group showed mild vacuolization of cells
similar to the vehicle group (A).
Histopathological Representation of Liver of
Following groups, H and E stain 10X: Image A:
vehicle control, image B: DEN control, image C:
standard (Sorafenib 5 mg/kg), image D: diosgenin
10 mg/kg, image E: diosgenin 20 mg/kg, image F:
diosgenin 40 mg/kg.
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FIG. 2: EFFECT OF DIOSGENIN IN DEN INDUCED HEPATOTOXICITY ON HISTOPATHOLOGICAL
ALTERATION IN LIVER OF RATS:

DISCUSSION: Liver cancer is a prominent cause
of cancer deaths worldwide, accounting for more
than 700,000 deaths each year. Approximately 7.5
Lakhs of new cases of HCC per year occur
worldwide, which makes HCC as the 5th common
cause of cancer. The incidence rate of HCC in India
for men ranges from 0.7 to 7.5 and for women 0.2
to 2.2 per 100,000 populations per year. The
incidence of HCC in cirrhotics in India is 1.6% per
year 14.
Hepatic injury exaggerated by DEN causes
uncertainty of liver metabolism and changes the
serum enzyme activities. N-nitroso compounds are
a massive group of diet and environment-borne
carcinogens and are related to the development of
many types of cancer, including HCC. DEN is one
of the N-nitroso chemicals used to induce liver
cancer in experimental animal models. DEN is a
reactive carcinogen which is metabolized in-vivo
by cytochrome P450 enzymes for its biological
activity and produces toxicity 15.
The first bioactivation step of DEN is
hydroxylation of the a-carbon of an alkyl group to
form a-hydroxyl nitrosamine. Thus formed
metabolites (a-hydroxynitrosamines) decompose
instinctively to alkanediazohydroxides and then to
alkyl diazonium ions, which can alkylate DNA
bases. The subsequent pro mutagenic adducts, O6-

ethyl deoxyguanosine, and O4- and O6-ethyl
deoxythymidine are believed to be mostly
responsible for DEN-induced carcinogenesis 16.
DEN is a potent hepatocarcinogenic agent that
causes disturbances in the nucleic acid repair
mechanism and also produces reactive oxygen
species (ROS), leading to oxidative stress.
Oxidative stress is an imbalance between ROS and
antioxidant cell capability for detoxifying the
reactive intermediates.
This disturbance is caused by ROS accretion,
further depletion of antioxidants, or both.
Additionally, oxidative stress has been verified in
membrane lipid peroxidation, tissue injury, DNA
damage, and mutagenesis associated with various
stages of the tumor formation process. The
mechanism of DEN-induced oxidative stress may
further cause severe hepato-carcinogenesis.
The bodyweight of animals was observed on a
weekly basis in all groups. Throughout the study,
body weight was found to be significantly
decreased in the DEN control group as compared to
the vehicle group due to cachexia. In the diosgenin
treated group, body weight was found to be
significantly increased as compared to the DEN
control group, which is in accordance with the
earlier reports 17. The liver is the major
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detoxification organ that deactivates and removes
toxic chemicals to be excreted in the form of urine.
The oxidative stress-mediated toxicity of chemicals
involves destruction primarily to liver tissue
(hepatotoxicity), which could lead to cancer. Liver
damage caused by DEN could lead to the escape of
enzymes (such as ALT and AST) from the liver
tissue into the bloodstream. The serum levels of
these enzymes are illustrative of the liver function,
and increases are a valuable indicator of liver
diseases. In this study, there was a significant
increase in ALT, AST, ALP, and LDH in DENexposed rats, which is in accordance with earlier
reports 18.
AST, ALT, ALP, and LDH are the
pathophysiological markers used to find liver and
tissue damage. The liver damage such as ischemic
injury, toxicity injury, hepatitis, and biliary
obstruction results in the increase of ALT, AST,
and ALP. The increase in these enzymes confirms
the loss of hepatocyte integrity 19, which is further
observed in our histopathological studies. Lactate
dehydrogenase is an enzyme that is increased in the
early stages of acute liver failure 20. The level of
liver enzymes was found to be decreased in
diosgenin treated groups as compared to DEN
control, which confirmed the preservation of
hepatocyte integrity by diosgenin, which is also
observed in the histopathological studies. The
decrease in LDH in the diosgenin treated group
confirms the hepatoprotective effect of diosgenin.
The primary line of defense against the celldamaging effects of oxidative stress for the liver is
the antioxidant defense system that counteracts the
deleterious effects of free radicals. The oxidative
damage is eluded by several enzymatic
mechanisms that are activated in the hepatic cells.
Chemical induction of liver damage by DEN
administration
causes
an
uncompromised
generation of free radicals in the liver, which was
validated by assessing the activity of the
antioxidant enzymes. SOD, the major antioxidative
enzyme in the liver, is a manganese-containing
enzyme that catalyzes the dismutation of
superoxide anions into hydrogen peroxide and
molecular oxygen. In turn, hydrogen peroxide is
rapidly altered into the water by CAT or GSH,
thereby act as protection against ROS. CAT or
GSH serves as a marker of evaluation oxidative
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stress, and it acts as an antioxidant at both cellular
and intracellular levels. Decreased activity of GSH
and CAT in the level in the DEN control group was
observed. Diosgenin treated group increased the
GSH and CAT levels, which suggest its antioxidant
and hepatoprotective property of diosgenin 21.
An end product of lipid peroxidation, MDA, is also
considered a perilous indicator of oxidative damage
because it is linked to the increased ROS caused
when cytochrome P450 enzymes mediate the
metabolism of DEN 22. In lipid peroxidation,
oxidative stress is known to be involved in
carcinogenesis 23, and a higher level of their
product plays an early phase of tumor growth. In
the present study, DEN induced group showed
increased activity of the lipid peroxidation level.
The diosgenin treated group significantly altered
lipid peroxidation and reversed nearly to the
vehicle control level, thus indicating anti-lipid
peroxidative property. Hepatic contents of MDA
indirectly reflect the degree of cell damage 22.
Administration of diosgenin to DEN-fed rats in this
study countered DEN-induced oxidative stress, as
shown by the restoration of antioxidant levels in the
liver and the reduction of critical markers of
oxidative stress, MDA.
Histopathological examination confirmed the
dysplasia and pre-hepatoma caused by DEN. This
is in accordance with the observed increase in liver
weight in the DEN control group of animals.
Treatment with diosgenin caused normalization of
the cells with mild vacuolization, which further
confirms the protective effect of diosgenin.
Diosgenin a steroidal sapogenin belongs to the
triterpene group, which can be obtained from
plants, like Dioscorea and Trigonella species. It has
been reported to be an apoptosis inducer,
antineoplastic and antioxidant. Furthermore, the
present study demonstrated that diosgenin
administration reduced DEN-induced oxidative
stress, inflammatory response, and revoked the
formation of preneoplastic liver nodules.
Additional research is essential to explore the exact
mechanism of the hepatoprotective effect of
diosgenin and assess its clinical use as an adjuvant
to chemotherapy or as a dietary supplement for
improving liver function. Our results conclude that
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diosgenin is suitable for hepatoprotective effect in
oxidative stress-induced liver damage.

7.

CONCLUSION:
Diogenin
demonstrated
significant beneficial effects against DEN induced
HCC in rats. The above observations suggest that
diosgenin possesses chemopreventive action. The
hepatoprotective properties observed in the present
study could be due to the presence of
phytoconstituents
such
as
trigoneoside,
trigofoenoside, asparasaponin, stigmasterol, azelaic
acid, etc.

8.

Diosgenin at high dose (40 mg/kg) suppresses the
tumors and decreases the biochemical marker,
which is elevated in HCC. This will open new
perspectives that diosgenin is a chemopreventive
compound to prevent, slow, or treat the occurrence
of hepatotoxicity.

11.

ACKNOWLEDGEMENT: The author acknowledges Dr. S. S. Kadam, Chancellor, Bharati
Vidyapeeth (Deemed to be University), Pune,
India, for providing the necessary facilities to carry
out the study.

9.

10.

12.

13.

CONFLICTS OF INTEREST: No conflicts of
interest.

14.

REFERENCES:

15.

1.

2.

3.

4.

5.

6.

Fujise Y, Okano JI, Nagahara T, Abe R, Imamoto R and
Murawaki Y: Preventive effect of caffeine and curcumin
on hepato-carcinogenesis in diethyl nitrosamine-induced
rats. International Journal of Oncology 2016; 49(3): 1259.
Soheylizad M, Jenabi E and Veisani Y: Global liver cancer
incidence and mortality rates, the role of human
development index. Asian Pacific Journal of Cancer
Biology 2018; 1(3).
El‐Serag HB, Kanwal F, Richardson P and Kramer J: Risk
of hepatocellular carcinoma after sustained virological
response in veterans with hepatitis C virus infection.
Hepatology 2016; 64(1): 130-7.
Farzaei MH, Zobeiri M, Parvizi F, El-Senduny FF,
Marmouzi I, Coy-Barrera E, Naseri R, Nabavi SM, Rahimi
R and Abdollahi M: Curcumin in liver diseases: a
systematic review of the cellular mechanisms of oxidative
stress and clinical perspective. Nutrients 2018; 10(7): 855.
Aveic S, Pantile M, Seydel A, Esposito MR, Zanon C, Li
G and Tonini GP: Combating autophagy is a strategy to
increase cytotoxic effects of novel ALK inhibitor
entrectinib in neuroblastoma cells. Oncotarget. 2016; 7(5):
5646.
Nasr SS, Nasra MM, Hazzah HA and Abdallah OY:
Mesoporous silica nanoparticles, a safe option for
silymarin delivery: preparation, characterization and in
vivo evaluation. Drug delivery and translational research.
2019; 9(5): 968-79.

International Journal of Pharmaceutical Sciences and Research

16.

17.

18.

19.

20.

21.

Dong J, Lei C, Lu D and Wang Y: Direct biotransformation of dioscin into diosgenin in rhizome of
Dioscorea zingiberensis by Penicillium dioscin. Indian
Journal of Microbiology 2015; 55(2): 200-6.
Selim S and Al-Jaouni S: Anticancer and apoptotic effects
on cell proliferation of diosgenin isolated from Costus
speciosus (Koen.) Sm. BMC Complementary and
Alternative Medicine 2015; 15(1): 301.
Srivastava A, Kumar M, Misra A, Shukla PK, Agrawal PK
and Srivastava S: Evaluation of diosgenin content in
Costus speciosus germplasm collected from Eastern Ghats
of India and identification of elite chemotypes.
Pharmacognosy Magazine 2019; 15(66): 462.
Tetala KK and Vijayalakshmi MA: A review on recent
developments for biomolecule separation at analytical
scale using microfluidic devices. Analytica Chimica Acta
2016; 906: 7-21.
Horng CT, Huang CW, Yang MY, Chen TH, Chang YC
and Wang CJ: Nelumbo nucifera leaf extract treatment
attenuated preneoplastic lesions and oxidative stress in the
livers of diethyl nitrosamine‐treated rats. Environmental
Toxicology 2017; 32(11): 2327-40.
Viswanatha GL, Shylaja H and Moolemath Y: The
beneficial role of naringin-a citrus bioflavonoid, against
oxidative stress induced neurobehavioral disorders and
cognitive dysfunction in rodents: a systematic review and
Meta analysis. Biomedicine and Pharmacotherapy 2017;
94: 909-29.
Das M, Basu S, Banerjee B, Sen A, Jana K and Datta G:
Hepatoprotective effects of green Capsicum annum against
ethanol induced oxidative stress, inflammation and
apoptosis in rats. Journal of Ethnopharmacology 2018;
227: 69-81.
Mohammadian M, Mahdavifar N, MohammadianHafshejani A and Salehiniya H: Liver cancer in the world:
epidemiology, incidence, mortality and risk factors. World
Cancer Research Journal 2018; 5(2).
Verna L, Whysner J and Williams GM: Nnitrosodiethylamine mechanistic data and risk assessment:
bioactivation, DNA-adduct formation, mutagenicity and
tumor initiation. Pharmacology and Therapeutics 1996;
71(1-2): 57-81.
Zhang R, Huang B, Du D, Guo X, Xin G, Xing Z, Liang
Y, Chen Y, Chen Q, He Y and Huang W: Anti-thrombosis
effect of diosgenylsaponins in-vitro and in-vivo. Steroids.
2013; 78(11): 1064-70.
Krishanan P: Citral attenuates n-nitrosodiethylamine
induced liver carcinogenesis in experimental Wistar rats.
International Journal of Pharmaceutical Sciences and
Research 2018; 9(6): 2463-70.
Tolba R, Kraus T, Liedtke C, Schwarz M and Weiskirchen
R: Diethylnitrosamine (DEN) induced carcinogenic liver
injury in mice. Laboratory Animals 2015; 49(1): 59-69.
Giannini EG, Testa R and Savarino V: Liver enzyme
alteration: a guide for clinicians. CMAJ 2005; 172(3): 36779.
Kotoh K, Kato M, Kohjima M, Tanaka M, Miyazaki M,
Nakamura K, Enjoji M, Nakamuta M and Takayanagi R:
Lactate dehydrogenase production in hepatocytes is
increased at an early stage of acute liver failure.
Experimental and Therapeutic Medicine 2011; 2(2): 195-9.
Kiss R, Pesti-Asbóth G, Szarvas MM, Stündl L, Cziáky Z,
Hegedűs C, Kovács D, Badale A, Máthé E, Szilvássy Z
and Remenyik J: Diosgenin and Its fenugreek based
biological matrix affect insulin resistance and anabolic
hormones in a rat based insulin resistance model. Bio Med

3804

Jagdale et al., IJPSR, 2020; Vol. 11(8): 3797-3805.
Research International 2019; https://doi.Org/10.1155/
2019/ 7213913.
22. Waykar BB and Alqadhi YA: Protective role of honey and
royal jelly on cisplatin-induced oxidative stress in liver of
rat International Journal of Pharmaceutical Sciences and
Research 2019; 10(8): 3898-04.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
23. Chikara S, Nagaprashantha LD, Singhal J, Horne D,
Awasthi S and Singhal SS: Oxidative stress and dietary
phytochemicals: Role in cancer chemoprevention and
treatment. Cancer Letters 2018; 28(413): 122-34.

How to cite this article:
Jagdale SG, Arulmozhi S, Jamadagni S and Mahadik KR: Pharmacological effect of diosgenin on diethylnitrosamine induced
hepatotoxicity in Wistar rats. Int J Pharm Sci & Res 2020; 11(8): 3797-05. doi: 10.13040/IJPSR.0975-8232.11(8).3797-05.
All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

3805

