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a b s t r a c t

Objective: Cinnamomum cassia has been suggested in Ayurveda for the management of sexual
dysfunction. This research work was conducted to shed some light on the mechanism of action of the
extract, and evaluate the efficacy of its methanol extract in age induced sexual dysfunction in male
Wistar rats. Secondary objective of the project was to study the effect of treatment on sperm parameters
and smooth muscle:collagen level in rat penile tissue.
Methods: Young and aged male rats were treated with methanol extract of Cinnamomum cassia at a dose
of 100 mg/kg and sexual behavior was observed on 28th day in presence of female rats in estrous phase.
Sildenafil was used as standard medicine. Effect of treatment was studied on epididymal sperm pa-
rameters, and Massons trichrome staining of rat penile tissues was performed to know the level of
smooth muscle:collagen.
Results: The treatment significantly increased sexual function in aged rats that had decreased in com-
parison to young rats, but did not have any significant effect on sperm count, live and defective sperm
percentage. However, treatment induced an increase in smooth muscle level and a decrease in collagen
level in the aged rat penile tissue in comparison to that of age matched control.
Conclusion: Based on our studies, we found that Cinnamomum cassia extract was effective in manage-
ment of sexual dysfunction in aged rats and hence we propose a possible mechanism of action for
Cinnamomum cassia which could be responsible for restoring sexual activity in aged rat.
Copyright � 2013, InPharm Association, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

Erectile dysfunction (ED), a male sexual dysfunction is the
‘inability of the male to attain and maintain erection of the penis
sufficient to permit satisfactory sexual intercourse’.1 It is amarker of
cardiovascular disorder, decreases quality of life, affects elderly
males, smokers, and thosewith diabetes and high blood pressure.2,3

Among the many treatment options available, a cGMP specific
phosphodiesterase inhibitor, sildenafil, is commonly used.3 Others
include dopamine receptor agonist (apomorphine), selective sero-
tonine re-uptake inhibitor (trazodone), alpha-2 receptor blocker
(yohimbine), and non-specific phosphodiesterases inhibitor
(papaverine). Sildenafil is a first line of medicine for increasing
erectile function and was used as standard medicine in our studies.
It prevents degradation of cGMP, which regulates blood flow in the

penis. Many other enzymes and their inhibitors have been impli-
cated in themanagement of ED including Rho-kinase 2 (ROCK-II).4,5

Methanol and successive aqueous extract of Cinnamomum cassia
have been reported to inhibit ROCK-II where methanol extract was
found to be more potent.6

Ayurveda, an ancient Indian system of alternative medicine has
suggested use of herbs for the management of sexual dysfunction.7

A number of studies on Indian herbal extracts have reported
an increase in sexual function in normal, castrated and diabetic
rats.8e12 However, to best of our knowledge, no modern scientific
literature is available for the efficacy of Cinnamomum cassia in age
induced sexual dysfunction. The current research work was carried
out to study the efficacy of Cinnamomum cassia methanol extract
(CCME) in age induced sexual dysfunction and understand the
possible mechanism of its action by which the extract ameliorates
the condition. In addition, the effect of CCME was studied on sperm
parameters and smooth muscle:collagen level in aged rat penile
tissue.
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2. Materials and methods

2.1. Plant material and extraction

Dried bark of Cinnamomum cassiawas purchased from Amrutha
Keshari Ayurvedic store, Bangalore and authenticated by Dr. P.
Santhan (Taxonomist at Natural Remedies Private Limited/NRPL,
Bangalore). Specimen sample was stored at NRPL repository with
specimen number NPL/CD/169. Methanol extract of Cinnamomum
cassia (CCME) was prepared as described previously.13

2.2. Chemicals and materials

Tween 20 and Sodium chloride (HiMedia Labs, India); Diethyl
stilbestrol (Penta Pharmaceuticals, India); progesterone (Sun
Pharmaceutical Ind. Ltd., India); Triton� X-100 and merthiolate
(Sigma Aldrich Co., USA); and Sildenafil (Watson Pharma India Ltd.,
India) were procured. All other reagents used in the study were of
analytical grade.

2.3. Animals

Young (6 month old) male and female Wistar rats weighing
200e250 g and aged (24 months old) male rats weighing 300e
350 g were used. The animals had free access to food and drinking
water, and were maintained at 25 � 1 �C. Study protocol was
reviewed and approved by institutional animal ethics committee
before the start of the work.

2.4. Acute toxicity study

Acute toxicity study was performed on female mice in accor-
dance with the Organization for Economic Cooperation and
Development guidelines for the testing of chemicals, (OECD 425:
Acute Oral Toxicity-Up-and-Down-Procedure), 2006.

Three month old female mice weighing 27 � 3 g were dosed
with 2 g/kg body weight of Cinnamomum cassia methanol extract.
Mice were fasted for 4 h before dosing and food was allowed only
after 2 h of treatment. The extract was triturated using mortar and
pestle with distilled water containing 1% Tween 20. A vehicle
control (1% Tween 20) group was maintained.

Animals were observed at least once during the first 30 min
after dosing, periodically during the first 24 h (with special atten-
tion given during the first 4 h), and thereafter, daily for a total
period of 14 days for any adverse event (time of onset, length of
recovery period).

2.5. Sexual behavior study

Male Wistar rats were divided into 4 groups of six rats each i.e.
group I (young rat treated with 1% Tween 20 in water), group II
(aged rat treated with 1% Tween 20 in water), group III (aged rat
treated with 100 mg/kg body weight CCME) and group IV (aged rat
treated with 20 mg/kg body weight sildenafil). CCME and sildenafil
were suspended in water containing 1% Tween 20 and adminis-
tered orally. Sexual behavior study was performed as described in
published literature.8e13 A week before start of study, male rats

were sexually trained in presence of female rats for 3 days. Ovari-
ectomized female rats14 for the study were brought to estrous
phase by administration of diethyl stilbestrol (1 mg/kg, p.o,
administered 2 days before the study) and progesterone (5 mg/kg,
s.c., administered 6 h prior to the study). Male rats were dosed
orally for 28 days and sexual behavior was observed on 28th day for
30 min in the evening. Following sexual behavior parameters of
male rats were observed in presence of female rat in a wooden box
(45 � 50 � 35 cm) covered with glass lid and illuminated with red
light.

Mount latency (ML): time from the introduction of female into
the cage of the male up to the first mount.

Intromission latency (IL): time from the introduction of the fe-
male up to the first intromission by the male.

Mount frequency (MF): number of mounts before ejaculation.
Intromission frequency (IF): number of intromission before

ejaculation.
Ejaculation latency (EL): time from the first intromission of a

series up to the ejaculation.
Post-ejaculatory interval (PEI): time from the first ejaculation up

to the next intromission by the male.

2.6. Sperm analysis

After completion of sexual behavior study, male animals were
anesthetized with ether and sacrificed by cervical dislocation. Left
epididymis and shaft of penile tissue from each rat was excised.
Epididymis was used for sperm parameter study whereas shaft of
penile tissue was kept in 7% formalin saline solution for
histopathology.

Sperm count and analysis was performed by the methods as
reported earlier.13,15e18 Briefly, the epidydimises were transferred
to beakers containing 30 mL of salineetritonemerthiolate solution
(saline solution containing 0.05% triton-X and 0.01% merthiolate)
and teased with surgical blade. Sperms were allowed to diffuse
into the solution for 15 min and volume was made up to 50 mL
with distilled water. Subsequently, 0.5 mL of 1% eosin Y solution
was added to the sperm solution and mixed well. 10 mL of this
sperm solution was placed on Neubauer chamber for sperm count
study. Sperm heads were counted using light microscope
(Olympus CX41, Olympus, USA; magnification: 200�) and mean
sperm count in all 4 corner square were counted using the
following formula.

No: of sperms per caudal epididymis

¼ Mean count� 50ðtotal volumeÞ
0:01� 0:01ðVolume of counting chamberÞ

Live sperm ratio was calculated by the following formula.

Livespermpercentage¼ Totalnumberof livesperm
Totalnumberof spermscounted

�100

Defective sperms (coiled sperms, tail less sperms, sperms with
bent neck, midpiece and tails) were observed and percentage was
calculated using the following formula.

Defective sperm percentage ¼ Total defective sperms counted
Total number of sperms counted

� 100
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2.7. Penile tissue histopathology

Excised shaft of penile tissueswere fixed in 7% formalin saline and
paraffin blocks of the tissuewere prepared. Paraffin sections of tissue
(5 mm thickness) were taken and Masson’s trichrome staining was
performed for determining smooth muscle:collagen level using a
standard protocol.13,19,20 Briefly, the tissues were hydrated and dip-
ped in bouin’s fluid for 12 h at 27 �C. The tissues were then washed
and rinsed in distilled water followed by staining in Wigards iron
haematoxylene for 10 min. The tissues were subsequently washed
and rinsed in distilled water followed by staining in Biebrich scarlet-
acid fuchsin for 5 min. After rinsingwith distilled water, tissues were
treated with phosphomolybdicetungstic acid solution followed by
staining inanilineblue for3min. Further, the tissueswere rinsedwith
distilled water followed by rinsing with dilute acetic acid for 5 min.
The tissues were then dehydrated, cleared in xylene and mounted in
DPX (contains a neutral plastic resin dissolved in xylene and con-
taining di-n-butyl phthalate as a plasticizer). The tissues were
observed under light microscope (Nikon, Japan; magnification: 20�)
fitted with Nikon digital camera (model number: DS-Ri1).

2.8. Statistical methods

Effect of vehicle (1% Tween 20), CCME and sildenafil on sexual
behavior and sperm parameters are expressed as mean � standard
error of mean (SEM). Statistical significance was calculated using
one way ANOVA followed by Tukey’s multiple comparison tests
using GraphPad� Prism version 5.

3. Results

3.1. Acute toxicity study

CCMEwas found to be safe up to 2 g/kg body weight in mice and
a single dose of the extract was selected for in vivo study based
upon a pilot study.

3.2. Sexual behavior study

Sexual dysfunctionwas observed in aged rats whichwas evident
by increase in ML, IL, and PEI and decrease in MF, IF and EL in

comparison to young rats. Treatment with CCME and sildenafil
restored sexual dysfunction of aged rats (Figs. 1 and 2).

3.3. Sperm analysis

With age, the total sperm and live sperm count decreased and
percent of defective sperm increased in aged rats in comparison to
that of young rats. CCME treatment decreased percent of dead
sperm and defective sperm in aged rat while it increased live sperm
count. CCME treatment decreased total sperm count with com-
parison to aged rat treated with vehicle. CCME and sildenafil
treatment did not show any significant effect on sperm count, live
sperm percentage and defective sperm percentage (Fig. 3).

3.4. Penile tissue histopathology

Smooth muscle:collagen ratio was approximately 1:10 in young
rat penile tissue (corpus cavernosum smooth muscle). A decreased
smooth muscle level and an increased collagen level in corpus
cavernosum smooth muscle (CCSM) were found in aged rats in
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Fig. 1. Effect of treatment on Latencies and post-ejaculatory interval of male rats. Mount Latency (ML), Intromission Latency (IL) and Post-Ejaculatory Interval (PEI) had increased
significantly (*p < 0.001) whereas Ejaculation Latency (EL) had decreased significantly (*p < 0.001) in aged rats in comparison to young rats fed with vehicle. Treatment of Cin-
namomum cassia methanol extract/CCME (#p < 0.001) and sildenafil ($p < 0.001) significantly decreased ML, IL and PEI and increased EL in comparison to age matched control rat
fed with vehicle. Effect of sildenafil was better than CCME (@p < 0.001). Before treatment, 50% (3 out of 6) of the aged rat completely lost sexual function as there were no mounting/
intromission till 20th minutes. After treatment, 4 and 5 rats responded to CCME and sildenafil, respectively.

Fig. 2. Effect of treatment on Mount Frequency (MF) and Intromission Frequency (IF)
of male rats. MF and IF of aged rats treated with vehicle were decreased significantly
(*p < 0.01) in comparison to young rats fed with vehicle. Treatment of Cinnamomum
cassia methanol extract/CCME (#p < 0.01) and sildenafil ($p < 0.001) increased MF and
IF significantly in comparison to age matched control rat fed with vehicle. Effect of
sildenafil was better than CCME (@p < 0.01).
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comparison to that of young rats. CCME and sildenafil treatment
increased smooth muscle level in aged rat penile tissue (Fig. 4).

4. Discussion

CCME treatment in aged rats increased sexual function which
otherwise exhibited a decreased sexual function as compared to
young rats. ML represents sexual motivation and decrease in ML by
CCME indicates that it increased sexual motivation. Similarly, it has
been suggested that number of intromission (IF), time taken for
ejaculation (EL) and resting period between two consecutive sexual
period (PEI) depend on degree of erection, duration of erection and
time taken for regaining erection after ejaculation respectively.21,22

CCME increased IF and EL; and decreased PEI therefore confirming
erectogenic potential of CCME. Increase in Rho-kinase activity in
aged rat penile tissue was proposed to be responsible for sexual

dysfunction in aged rat and ROCK-II inhibitors alleviated sexual
dysfunction.23,24 Increased erectile function in aged rat treatedwith
CCME could be attributed to Rho-kinase 2 (ROCK-II) inhibition and
resultant increase in myosin light chain level in corpus cavernosum
smooth muscle of penile tissue.6,23,24

Nitric oxide synthase (NOS) generates nitric oxide (NO) that
stimulates soluble guanylyl cyclase (sGC) to produce cyclic guano-
sine monophosphate (cGMP). The second messenger relaxes CCSM
that is essential for erection.25,26 eNOS uncoupling and subsequent
production of reactive oxygen species (ROS) has been reported to
be responsible for age related erectile dysfunction.27 Upregulation
of NADPH oxidase was associated with downregulation of neuronal
and endothelial nitric oxide synthase (NOS) in aged rat corpus
cavernosum. Antioxidant (apocynin, a NADPH oxidase inhibitor)
therapy normalized erectile function of middle aged rat.28 ROS have
been reported to cause erectile dysfunction and this could be due to
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Fig. 3. Effect of treatment on sperm parameters (n ¼ 6). 3A: Sperm count had decreased in aged rat in comparison to young rat. CCME decreased the sperm count whereas sildenafil
increased it in aged rat when compared to the age matched control. 3B: Live sperm percentage had decreased in aged rat when compared with young rat. CCME and sildenafil
treatment increased live sperm percentage in aged rat. 3C: Defective sperm percentage was more in aged rats with respect to young rats. CCME and sildenafil treatment decreased
defective sperm percentage in aged rats. CCME and sildenafil did not result in any significant effect on sperm parameters.

Fig. 4. Masson’s trichrome staining of male rat penile tissue (corpus cavernosum smooth muscle) as seen under light microscope (40�). Smooth muscle was stained as pink and
collagenwas stained as blue. In aged rat penile tissue collagen level had increased (intensity of blue color was more) and smooth muscle level had decreased in comparison to young
rats. Cinnamomum cassia methanol extract (CCME) and sildenafil treatment decreased collagen level and increased smooth muscle level in aged rat penile tissue in comparison to
age matched control.
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stimulation of Rho-kinase activity.29,30 Rho GTPase/Rho-kinase
pathway negatively regulates eNOS function through the inhibition
of protein kinase B/Akt in human endothelial Cells. RhoA/Rho-
kinase suppresses eNOS in diabetic rat penis.31 Similar inhibition
of eNOS by Rho-kinase could be possible in aged rat penis. In
addition to Rho-kinase inhibition, antioxidant potential32 of Cin-
namomum cassia could be responsible for increasing sexual func-
tion in aged rat (Fig. 5).

Oxidative stress decreases total sperm count and increases
production of defective sperm in aged rat. Herbal extract having
antioxidant potential is reported to increase live sperm percentage
and decrease sperm morphological damage.33 Cinnamomum cassia
was reported to possess antioxidant property32 and cinnamon bark
oil at a dose of 100 mg/kg by gavage daily for 10 weeks to the rats
significantly increased epididymal sperm concentration but insig-
nificantly decreased abnormal sperm count and apoptotic germ cell
count.34 Decrease in dead and defective sperm percentage in aged
rat treated with CCME might be due to antioxidant potential of
CCME. Administration of sildenafil to rats at 5 mg/kg for 120 days
decreased sperm count and increased defective sperm percent-
age.35 However, 28 days of treatment of sildenafil at the same dose
increased live sperm percentage and decreased defective sperm
percentage in our study. Decrease in dead and defective sperm
percentage in aged rats treated with sildenafil could be due to its
antioxidant potential.36

Methanolic extract of Cinnamomum cassia increased the level of
smooth muscle which was decreased in aged rat. Increase in
sexual function of aged rat treated with CCME could be due to
increase in smooth muscle level of CCSM. Administration of sil-
denafil at 20 mg/kg/day for 45 days increased smooth muscle:-
collagen ratio and smooth muscle cells in penile tissue of 20
months aged rat.19 We also observed a similar result that could be
due to increased cGMP and NOS; and Rho-kinase inhibition in
penile smooth muscle.

Based on our studies, we propose a mechanism by which Cin-
namomum cassia extract might be alleviating sexual dysfunction
(Fig. 5).

5. Conclusion

Cinnamomum cassia increased the sexual function in terms of
sexual motivation and erectile function in aged rats. The increase in
erectile function by CCME could be attributed to Rho-kinase inhi-
bition, increase in smooth muscle:collagen ratio and mitigation of
oxidative stress in rat penile smooth muscle. Increase in smooth
muscle level in rat penile tissue might also be due to ability of
Cinnamomum cassia to increase angiogenesis.
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Fig. 5. Proposed mechanism of Cinnamomum cassia methanol extract (CCME) action
on corpus cavernosum smooth muscle (CCSM) of aged rat penile tissue. Solid arrow
represents stimulation whereas dotted arrow means inhibition. NO: nitric oxide,
NADPH: reduced form of nicotinamide adenine dinucleotide phosphate, NADPþ:
nicotinamide adenine dinucleotide phosphate, O2

�: superoxide anion, ONOO�: perox-
ynitrite, ROS: reactive oxygen species. In aged rat penile tissue, Rho-kinase and NADPH
oxidase activity increases. Rho-kinase contracts CCSM while NADPH oxidase generates
ROS that activate Rho-kinase apart from damaging CCSM. CCME increases erectile
function in aged rat penis by relaxing CCSM and protecting CCSM from oxidative
damage. The extract inhibits Rho-kinase and controls level of ROS probably by
inhibiting NADPH oxidase and/increasing antioxidant defense system.
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