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Abstract

The present study was aimed to investigate the combined effect of bioactive compounds, Diosgenin and
Silymarin in an animal model of depression. Wistar albino rats of either sex were randomly divided into
five groups and treated for 7 days. Groups I and II were served as a control and a standard and groups
III, IV and V were treated with Diosgenin (100 mg/kg, p.o.), Silymarin (100 mg/kg, p.o.) and combination
of Diosgenin (50 mg/kg, p.o.) + Silymarin (50 mg/kg, p.o.), respectively. Imipramine (25 mg/kg, p.o.) was
used as a standard for all antidepressant models and the activity was screened by using Forced swim
test and Tail suspension test. The results suggested that Diosgenin and Silymarin, independently, at a
dose of 100 mg/kg, shown anti-depressant like effect with P value less than 0.05 and 0.01, respectively.
The compounds when given in combination at a dose of 50 mg/kg, each, shown potentiating
antidepressant like activity as compared to their individual effect. It can be concluded that Diosgenin has
got a synergistic effect on antidepressant action when given in combination with Silymarin.

Keywords: Bioactive compounds, Depression, Diosgenin, Silymarin, Imipramine, Forced swim test, Tail
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Introduction

Medicinal plants and their bioactive
compounds are available in abundant in
nature. In spite of their efficacy, the bioactive
compounds are most powerful in the
treatment of variety of psychiatric disorders
with lesser side effects [1]. There arises a
need for the researchers to become familiar
with the bioactive compounds in the
development of pharmacotherapies for
diseases affecting central nervous system

(CNS).

Diosgenin (DI), is a highly potential bioactive
compound present in several plant species,
such as Trigonella foenum-graecum
(Fenugreek) and Dioscorea villosa (Wild
Yam), Costus speciosus, Smilax
menispermoidea and several species of
Trillium [2, 3]. Diosgenin, a steroidal
sapogenin, was first discovered by Fujii and
Matsukawa from Dioscorea tokoro Makino in
1935 [4]. Cholesterol was found to be a
precursor in the biosynthesis of Diosgenin.
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Cholesterol is obtained from lanosterol by the
catalytic action of the enzyme cytochrome
P450 system. The other route of synthesis
was believed to be from squalene-2,3-oxide in
two ways, one from cycloartenol through
formation of sitosterol [5] and the other from
lanosterol by the formation of cholesterol [6].
It is obvious from several studies that DI has
been used in traditional medicine for its anti-

diabetic, anti-hyperlipidemic, anti-
inflammatory, immunomodulatory, anti-
infectious, anti-inflammatory, anti-

hyperglycemic and anti-oxidant properties

[7].

Diosgenin, was founded to induce apoptosis
in a variety of cancer cell lines like,
colorectal, hepatocellular, breast cancer,
osteosarcoma and leukemia [8-10]. It acts by
modulating multiple cell signalling
pathways, thereby plays an important role in
cell-cycle regulation, differentiation and
apoptosis [11].
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Diosgenin is a precursor for synthesising
many steroidal drugs in pharmaceutical
companies and is also found useful in many
functional fool and cosmetic industries [12].
In addition, DI was proven to have some
neuroprotective effects and was found to
improve certain memory impairments.
Antioxidant nature of diosgenin favours its
aid the treatment of many neurodegenerative
disorders like Alzheimer [11]. These findings
support the present concept of assessing
Diosgenin as an antidepressive
phytochemical. Silymarin (SY) is a lipophilic
polyphenol flavonoid, isolated from the seeds
and fruits of Milk Thistle, Silubum
marianum L. Geartn which belongs to the
family Aster of Asteraceae or Compositae
[13].

Silymarin, the active phytocompound of milk
thistle is a mixture of seven flavanolignans
with silibinin (or silibin) as the main
bioactive principle. Silibinin comprises of two
diastereomers, Silibin A and Silibin B in 1:1
proportion. The other flavonolignans of
Silymarin includes Isosilibin, Dehydrosilibin,
Silichristin, Isosilichristin, Silydianin and
Taxifolin, a flavonoid with antioxidant
potential [14, 15].

Silymarin is mainly wused for its anti-
oxidative, antidiabetic, anti-inflammatory,
antifibrotic and cytoprotective properties
[16]. At present, Silybin is clinically used as a
hepatoprotector to treat liver diseases [17].
Silymarin also act as an immunomodulator
and an iron chelating and membrane
stabilizing agent [18]. SY is effective against
certain drug-induced hepatic injuries and it
has been recommended by The German
Commission E to treat dyspeptic complaints,
toxin-induced liver damage and hepatic
cirrhosis and SY is prescribed as a supportive
therapy for chronic inflammatory liver
disorders [19].

The evidence suggested that SY exerts
neuroprotective effect in various disorders of
central nervous system including Alzheimer’s
disease and cerebral ischaemia [20]. In this
context, our research work was designed to
evaluate the antidepressant activity of SY
along with DI. Depression is one of the major
public health problem concerns worldwide
and is found to be most common among the
various stress-related mental disorders that
are responsible for disability and early death.
More than 20% of adult population is
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suffering from depression during their life at
present [21]. Depression is manifested as
negative thoughts, sadness of mood, loss of
interest; laziness in routine work, low or high
appetite, 1insomnia and severe suicidal
tendency. Likewise, anxiety is accompanied
by over activity of autonomic system leading
to tachycardia, tremors, sweating, loss of
confidence and so on [22].

Many numbers of experimental models have
been used to test the antidepressant
activities of medicinal plants and their
phytoconstituents. The reserpine effects
reversal test was the first one that
demonstrated the efficacy of imipramine and
its metabolite desipramine [23]. The
commonly used experimental models to
screen antidepressant drugs in India,
includes Despair swim test, Tail suspension
test, Diazepam-induced sleeping time,
Locomotor activity using actophotometer,
Learned helplessness in rats, Muricide
behaviour in rats, compulsive gnawing in
mice and so on [24].

We used Forced swim test (FST) and Tail
Suspension test (T'ST) in our study to screen
the pharmacological activity of the two
bioactive = compounds, Diosgenin  and
Silymarin, both individually and in
combination against depression.

Materials and Methods
Drugs and Chemicals

The chemicals used were of analytical grade.
Diosgenin and Silymarin were purchased
from Vital Herbs, New Delhi and others from
local suppliers.

Preparation of Drug Suspensions

Suspensions of Diosgenin and Silymarin were
prepared using 0.5 % w/v of carboxy methyl
cellulose (CMC) in distilled water prior to
oral administration to animals [25]. Fresh
preparations were used for each and every
experiment.

Experimental Animals

Wistar albino rats of either sex, weighing
between 150-200 g were selected randomly
and used for the study. The animals were
placed in group of six in polypropylene cages
with paddy husk as bedding and were housed
at a temperature of 25+2¢ C, humidity 30 - 70
% with 12 h light-dark cycles.
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The animals had free access to water and
were fed with standard rodent pellet diet.
The experimental protocol was approved by
the Institutional Animal Ethics Committee of
department (SBCP / 2019-20 / CPCSEA /
TAEC/T (4) / F16/69). Each animal was tested
only once and the observations were recorded
in a noiseless diffusely illuminated room.

Experimental Design

The study was done in 5 different groups
(n=6/group) of rats and the groups were
divided as follows.

e Group I: Control: 0.5 % CMC (10 ml/kg,
p.o.)

e Group II: Standard: Imipramine (25 mg/kg,
p.o.)

e Group III:
p.o.)

Test 1: Diosgenin (100 mg/kg,

e Group IV: Test 2: Silymarin (100 mg/kg,
p.o.)

e Group V: Test 3: Diosgenin (50 mg/kg, p.o.)
+ Silymarin (50 mg/kg, p.o.)

Experimental Models
Forced Swim Test (FST)

This test was done based on the method of
Porsolt et al. (1977). Rats were forced to
swim individually in a glass cylinder (20 cm
X 14 cm) containing fresh water up to a
height of 10 cm at 25+1° C. Animals were
trained in 15 min session individually,
constituted the “pre-test session” a day
before. Twenty four hours later, in a “test
session”, rats were forced to swim for a 6 min
period and the total duration of immobility
was recorded for the last 4 min period,
manually using a stop watch. Animal was
considered immobile when it floats in water
without struggling and making only those
movements that is necessary to keep its head
above the water. The animals were allowed
to dry for 15 min following their swimming
session. Decrease in immobility was an
indicative of anti-depressant effect [26].

Tail Suspension Test (TST)

This test was performed as described earlier
(Steru et.al., 1985). Animal was suspended
individually from the side of the table/shelf at
50 cm height from the floor with the aid of
adhesive tape placed approximately 1 cm
from the tip of the tail.
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The duration of immobility was recorded
during the final 4 min of the total 6 min test
period, excluding the initial 2 min of
struggling. Animals were considered to be
immobile when they hung passively or
remained completely motionless [27].

Statistical Analysis

The Data were statistically analysed by using
One-way Analysis of Variance (ANOVA)
followed by Dunnett’s multiple comparison
tests in Graphpad Prism software and the
values were expressed as meant SEM.
P<0.05 was considered as significant with
respect to control and Standard treatment
(mentioned in the caption of results).

Results and Discussion
Forced Swim Test

Oral administration of Diosgenin and
Silymarin, independently, at a dose of 100
mg/kg, p.o., each, elicited significant decrease
in immobility time of rats with P value less
than 0.05 and 0.01, respectively, during the 5
minute of test session. The same compounds
when given in combination at a dose of 50
mg/kg, p.o., each, also decreased the
immobility time of rats subjected to Forced
Swimming, significantly (P<0.001) (Table 1).

The standard drug, Imipramine (25 mg/kg,
p.o.) reduced the immobility time,
significantly (P<0.001), when compared with
control group of rats. FST is a common
behavioural paradigm used to evaluate the
antidepressant-like activity of many test
compounds in rodents [28]. This test is based
on the observations that the rodents, such as
rats and mice, when constrained to swim in a
restricted space from which there is no
possibility of an escape, eventually cease the
animal to struggle and brings them to a state
of despair or lowered mood.

This behaviour 1is either increased or
decreased by test drugs [29, 30]. The
parameter that is observed in this test is
termed immobility time and the shorter
immobility time denotes antidepressant-like
activity of a drug while the extended
immobility  time indicates its CNS
depressant-like effect [31].

It has been reported in several studies that
swimming 1is sensitive to serotoninergic
compounds mainly the selective serotonin
reuptake inhibitor such as fluoxetine,
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whereas the climbing behaviour is sensitive
to tricyclic antidepressants and others with
selective catecholamine transmission effects
[32]. Imipramine, the tricyclic
antidepressant, exerts its action by blocking
the reuptake mechanism of norepinephrine
(NE) and 5-hydroxytrytamine (5-HT) into
their neurons, respectively [33], thereby,
decreases the immobility frequency and

increases the escape-type behaviour of
climbing [34]. Taking this into an account,
the results obtained in this study, strongly
suggested that Diosgenin and Silymarin,
exerted their antidepressant-like effect
through the mechanism of serotoninergic and

catecholaminergic neurotransmission,
similar to that of the standard drug,
imipramine.

Table 1: Combined Effect of Diosgenin and Silymarin on Forced Swim Test

Group Dose (mg/kg) Duration of Immobility (Sec)
Control - 146.3+4.998
Imipramine 25 mg/kg, p.o. 51.50+2.363***
Diosgenin 100 mg/kg, p.o. 117.3+4.462*
Silymarin 100 mg/kg, p.o. 113.2+10.48**
Diosgenin + Silymarin 50 mg/kg, p.o. + 50 mg/kg, p.o. 93.5+6.850%**

Data represent meant SEM of six rats. Comparisons were made by using a one-way ANOVA followed by Dunnett’s test as the post
hoc. *P<0.05, **P<0.01, ***P<0.001 compared with Control group of rats

Tail Suspension Test

Diosgenin and Silymarin, when administered
individually, at a dose of 100 mg/kg, p.o.,
each and in combination of Diosgenin (50
mg/kg, p.o.) and Silymarin (50 mg/kg, p.o.),
decreased the mean duration of immobility of
rats subjected to Tail Suspension Test
significantly with P value less than 0.05
(Figure 1). The standard drug, Imipramine
(25 mg/kg, p.o.) also decreased the duration
of immobility, significantly (P<0.001), when
compared with control group of rats. Like
FST, the TST 1s also a validated model to

antidepressant drugs. In this test, the rats
are placed in an unpreventable distressing
condition, similar to that of FST, but in slight
moderate. Lack of escaping behaviour is
termed to be immobility [35]. In contrast to
FST, there is no submersion of animal in
water in TST; hence the animal is safe from
hypothermia. The sensitivity and
reproducibility of FST and TST also differs
[36, 37]. The result demonstrated that, the
combined antidepressant activity  of
phytocompounds, Diosgenin and Silymarin
was found to be greater than their individual
effect.
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Fig. 2: Combined Effect of Diosgenin and Silymarin on Tail Suspension Test in Rats

The forced swimming and the tail suspension
tests are behavioural despair tests used to
study the mechanism of depression and are
sensitive to all major classes of
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antidepressant drugs such as tricyclic
antidepressants, atypical antidepressants,
monoamine oxidase inhibitors and serotonin
reuptake inhibitors. The  behavioural
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responses observed in both the tests were
duration of immobility time in seconds,
reflecting behavioural despair similar to that
of human depression [38].

The results obtained in this study indicated
that Diosgenin and Silymarin, given orally
were found to be effective both in
independent and in combination against
depression. The antidepressant activity of DI
and SY, when given in combination at a dose
of 50 mg/kg, p.o., each, was found to be more
or less significant to that of the standard
drug, imipramine (25 mg/kg, p.o.) rather than
when given individually.

References

1. Patil PJ, Raghunath PV, Deshmukh TA
(2014) CNS Activity of Argyreia Speciosa
and Acorus calamus: A Reveiw. Research

and Reviews: J. Pharmacog. Phytochem,
2(2):1-9.

2. Patel K, Gadewar M, Tahilyani V, Patel
DK (2013) A review on pharmacological
and analytical aspects of diosmetin: a
concise report. Chin. J. Integr. Med., 19:
792-800.

3. Chen Y, Tang YM, Yu SL, Han YW, Kou
JP, Liu BL, et al (2015) Advances in the
pharmacological activities and
mechanisms of diosgenin. Chin J. Nat.
Med., 13: 578-87.

4. Djerassi C, Rosenkranz G, Pataki J,
Kaufmann S (1952) Steroids, XXVII.
Synthesis of allopregnane-3beta, 11lbeta,
17alpha-, 20beta, 21-pentol from cortisone
and diosgenin. J. Biol. Chem., 194: 115-8.

5. Ciura J, Szeliga M, Grzesik M Tyrka M
(2017) Next-generation sequencing of
representational difference analysis
products for identification of genes
involved in diosgenin biosynthesis in
Fenugreek (Trigonella foenum-graecum).
Planta, 245: 977-991.

6. Vaidya K, Ghosh A, Kumar V, Chaudhary
S, Srivastava N, Katudia K, et al (2013)
De novo transcriptome sequencing in
Trigonella foenum-graecum L. to identify
genes involved in the biosynthesis of
diosgenin. Plant. Genome, 6: 1-11.

7. Jesus M, Martins AP, Gallardo E,
Silvestre S (2016) Diosgenin: recent
highlights on pharmacology and analytical

©2009-2020, JGPT. All Rights Reserved

Conclusion

The anti-depressant studies revealed that the
combined dose of Diosgenin and Silymarin
required to produce a 90% reduction in
depression were lower than the doses of
either drug alone necessary to produce the
same effect. Application of these bioactive
compounds in combination for depression has
an advantage of reduced risk of adverse
effects which are found to be more in case of
certain synthetic antidepressant medications.
Further investigations are recommended to
determine the exact biomedical pathway of
these phytocompounds.

methodology. J. Anal. Methods Chem.,
4156293.

8. Chiang CT, Way TD, Tsai SJ, Lin JK
(2007) Diosgenin, a naturally occurring
steroid, suppresses fatty acid synthase
expression in HER2-overexpressing breast
cancer cells through modulating Akt,
mTOR and JNK phosphorylation. FEBS
Lett., 581: 5735-5742.

9. Li F, Fernandez PP, Rajendran P, Hui
KM, Sethi G (2010) Diosgenin, a steroidal
saponin, inhibits STAT3  signaling
pathway leading to suppression of
proliferation and chemosensitization of
human hepatocellular carcinoma cells.
Cancer Lett., 292: 197-207.

10. Moalic S, Liagre B, Corbiere C, Bianchi A,
Dauca M, Bordji K, et al (2001) A plant
steroid, diosgenin, induces apoptosis, cell
cycle arrest and cox activity in
osteosarcoma cells. FEBS Lett., 506: 225-
230.

11. Chen PS, Shih YW, Huang HC, Cheng HW
(2011) Diosgenin, a steroidal saponin,
inhibits migration and invasion of human
prostate cancer pc-3 cells by reducing

matrix metalloproteinases expression.
PLoS ONE, 6: e20164.

12. El Bairi K, Ouzir M, Agnieszka N, Khalki
L (2017) Anticancer potential of Trigonella
foenum graecum: Cellular and molecular
targets. Biomed Pharmacother, 90: 479-
491.

13. Wagner H, Diesel P, Seitz M (1974) The
chemistry and analysis of silymarin from

28



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sathya. B et. al.| Journal of Global Pharma Technology | 2020]| Vol. 12| Issue 04]|24-30

Silybum marianum Gaertn.
Arzneimittelforschung., 24: 466-71.
Morazzoni P, Bombardeli E (1995)

Silybum marianum (Carduus marianus).
Fitoterapia, 66: 3-42.

Kren V, Walterova D (2005) Silybin and
silymarin-new effects and applications.
Biomed Papers, 149(1):29-41.

Vivekanandan L, Sheik H, Singaravel S,
Thangavel S (2018) Ameliorative effect of
silymarin against linezolid-induced
hepatotoxicity in  methicillin-resistant
Staphylococcus aureus (MRSA) infected
Wistar rats. Biomed Pharmacother, 108:
1303-1312.

Hau DKP, Wong RSM, Chengetal GYM
(2010) Novel use of silymarin as delayed
therapy for acetaminophen-induced acute
hepatic injury. Forschende Komplementar
medizin., 17(4):209-213.

Saller R, Meier R, Brignoli R (2001) The
use of Silymarin in the treatment of liver
diseases. Drugs, 61: 2035-63.

Blumenthal M (1998) The complete
german commission E  monography:
therapeutic guide to herbal medicines.
Austin: Americal Botanical Council.

Ullah H, Khan H (2018) Anti-Parkinson
Potential of Silymarin: Mechanistic
Insight and Therapeutic Standing. Front
Pharmacol., 9: 422-432.

Dang H, Chen Y, Liu X, Pan A, Peng B,
Wang Q, et al (2009) Preventive action of
Kai Xin San aqueous extract on
depressive-like symptoms and cognition

deficit induced by chronic mild stress. Exp.
Biol. Med., 234(7):785-793.

Dhamija I, Parle M, Kumar S (2017)
Antidepressant and anxiolytic effects of
Garcinia indica fruit rind via
monoaminergic pathway 3 Biotech 7: 131.

Costa E, Garattini S, Valzelli L (1960)
Interactions between reserpine,
chlorpromazine, and 1Imipramine.

Experientia, 16: 461-463.

Vogel HG, Vogel WH (2002) 2»d edition.
Drug Discovery and Evaluation:
Pharmaclogical assays, Springer Verlag,
Heidelberg, Germany, 559-567.

Dashputre NL, Naikwade NS (2010)
Immunomodulatory activity of Abutilon

©2009-2020, JGPT. All Rights Reserved

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

indicum Linn on albino mice. Int. J.

Pharm. Sci. Res., 1(3):178-184.

Porsolt RD, Bertin A, Jalfre M (1977)
Behavioral despair in mice: A primary
screening test for antidepressants. Arch
Int. Pharmacodyn Ther., 229(2):327-336.

Steru L, Chermet R, Thierry B, Simon P
(1985) The tail suspension test: a new
method for screening antidepressants in
mice. Psychopharmacol., 85(3):367-370.

Rodrigues A, da Silva G, Mateussi A,
Fernandes E, Miguel O, Yunes R, et al
(2002) Involvement of monoaminergic
system in the antidepressant-like effect of
the hydroalcoholic extracts of
Siphocampylus verticillatus. Life Sci., 70:
1347-58.

Borsini F, Meli A (1988) Is the forced
swimming test a suitable model for
revealing antidepressant activity?
Psychopharmacol., 94: 147-60.

Aslam M (2016) Forced swim test in mice:
A common animal model of depression.
Bangladesh J. Pharmacol., 11: 28-29.

Huang F, Xiong Y, Xu L, Ma S, Dou C
(2007) Sedative and hypnotic activities of
the ethanol fraction from Fructus
Schisandrae in mice and rats. J.
Ethnopharmacol., 110(3):471-475.

Cryan JF, Lucki I (2000) Antidepressant-
like behavioural ejects mediated by 5-

hydroxytryptamine (2C) receptors,” J.
Pharmacol. Exp. Ther., 295(3):1120-1126.

Onasanwo SA, Chatterjee M, Palit G
(2010) Antidepressant and Anxiolytic
Potentials of Dichloromethane Fraction
from Hedranthera barteri. Afr. J. Biomed.
Res., 13(1):76-81.

Barros HM, Ferigolo M (1998)
Ethnopharmacology of Imipramine in the
forced-swimming test: gender differences.
Neurosci. Biobehav. Rev., 23(2):279-86.

Crowley J, Blendy J, Lucki I (2005) Strain-
dependent antidepressant-like effects of
citalopram in the mouse tail suspension
test. Psychopharmacol (Berl). 183: 257-64.

Thierry B, Steru L, Simon P, Porsolt R
(1986) The tail suspension test: Ethical

considerations. Psychopharmacol (Berl).
90: 284-85.
Cryan J, Mombereau C, Vassout A (2005)

The tail suspension test as a model for

29



Sathya. B et. al.| Journal of Global Pharma Technology | 2020]| Vol. 12| Issue 04]|24-30

assessing antidepressant activity: Review

of pharmacological and genetic studies in

mice. Neurosci Biobehav. Rev., 29: 571-

625.

38. Hsu LC, Ko YJ, Cheng HY, Chang CW,

Lin YC, Cheng YH,

©2009-2020, JGPT. All Rights Reserved

et

al

(2012)

Antidepressant-Like  Activity of the
Ethanolic Extract from Uncaria lanosa
Wallich var. appendiculata Ridsd in the
Forced Swimming Test and in the Tail
Suspension Test in Mice. Evid-Based
Compl. Alt. doi:10.1155/2012/497302

30



