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Original Research Article
In vitro impact assessment of aqueous extract of Sida cordifolia

Linn. upon rat sper matozoa parameters

Abstract

Sda cordifolia Linn. finds frequent mention in Ayurvedic SysteiMedicine for many
therapeutic properties including beneficial effeqton male reproductive processes. Aim of
present in vitro study was to evaluate impact afemqs extract o8ida cordifolia roots on rat
spermatozoa in terms of count, motility & morpholognd through HOS study following
standard assessment methods to assess any liglyduetive toxicity, spermicidal action,
lethality or abnormalities in animal experimentati®Gexually mature (18-22 weeks old) male
Wister rats weighing 180 to 260 gm were used. Spavere collected from cauda epididymis of
rat testes and sperm suspension was prepared loygnilem with 2 ml of 5% Sucrose at 37°C,
dividing into 4 samples — control (A) and 3 drugated samples (B, C &D) containing 10, 20 or
30 mg/ml of agueous extract &fda cordifolia. The various sperm parameters were observed
under Olympus CX41 microscope. Sperm concentratfrmgressive and Non-Progressive
motility were calculated using the Neubauer Chammge viability and morphology of sperm
suspensions were assessed using Eosin Y and Migsisining method using 400 X
magnification under Phase contrast microscope. Hygmotic swelling (HOS) test was used to
evaluate the functional integrity of plasma membrafreatment with agueous extractSudia
cordifolia resulted in no significant adverse impact uponrmepeount up to 30 mg/ml dose,
suggesting no noticeable spermicidal effect. Psgive motility increased marginally due to

intervention ofSda cordifolia in a concentration-dependent manner from 40.00Ah Sample
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A to 43.50 £2.05 in Sample D. Similarly, percentagfenormal sperms and their viability
exhibited steady enhancements with increasing caratens of research drug. The HOS test
indicated no adverse structural changes in plaserabrane integrity of sperms up to 30 mg/ml
level. Thus, in vitro assessment of sperm motilibgrphology and viability due to treatment
with Sda cordifolia agueous extract indicated no spermicidal or tefiect and indicated small

but significant enhancement in various parametdrisiwwas concentration-dependent.

Keywords: Sda cordifolia, in vitro, sperm count, motility, viability

1. INTRODUCTION

Plants have been globally used since ancient tames valuable and safe natural source
of medicines and as agents of therapeutic utiitgle reproduction is a multifaceted process that
involves the testes, epididymis, accessory sexdglammd associated hormones. Testes perform
two highly organized and intricate events, callpdrsmatogenesis and steroidogenesis, which are
vital for the perpetuation of life. Spermatogengaitighly dynamic and synchronized process,
takes place within the seminiferous tubules oftdstis with the support of somatic Sertoli cells,
leading to the formation of mature spermatozoa framdifferentiated stem cells. The male
reproductive system is extremely sensitive to warienvironmental factors such as life style,
drugs, radiation, pollution and toxicants, the hesfi which could be functional alterations in

adults [1-7].

Several natural and synthetic products are repddedrget the testis at the hormonal
level or during spermatogenesis or both. Many glamd minerals have been prescribed in the
form of single or combined form to enhance reprodecprocesses and for the treatment of

diseases related to the male genital organs sincierd times. One such plant which finds
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frequent mention in various texts relating to Ayedlic System of Medicine for these properties
is Sda cordifolia but presently in vitro analysis of its therapeupioperties or its possible

adverse effect upon the vital sperm parametersibalseen done till date.

Sda cordifolia Linn. belongs to the Malvaceae family and is ofighe most useful
medicinal plants in Ayurvedic literature. Also knowasBala, it is a small, erect, annual downy
shruband grows well through the plains of India, espégian damp climates. The shrub grows
up to 0.75 — 1.5 meters in height. The root andstben are stout and strong. The tap root of the
plant is odourless with slightly bitter taste andygsh yellow colour which constitutes a cluster
5-15 cm long with few lateral roots of smaller siZée leaves are 2.5-7 cm long and 2.5-5 cm
broad, with 7-9 veins. They are chordate-oblongpsbaserrate and truncate. The flowers are
small, yellow or white in colour, solitary and daries. The fruits are round in shape and very
small in sized, 6-8 mm in diameter. The seeds eagigh black in colour and smooth. The plant
flowers from August to December and fruiting occfiesn October to January. It has been used
as a cooling, astringent, aromatic, diuretic amdctan Ayurvedic system of medicine for curing
diseases like asthma, cough, fever, wound, skisadiss, heart diseases, facial paralysis, muscle
and joint pain, swelling, inflammation, urinary @afion, skin diseases, lack of sexual desire and
unwanted weight loss. Its roots and seeds confaalogd ephedrine, vasicinol, vasicinong,
sitosterol and stigmasterol and N-methyl tryptopldnle the leaves ofida cordifolia Linn.
contain small amounts of both ephedrine and pseidbaiine. Its pharmacological actions
include hypoglycaemic, wound healing, anti-micrdbiantioxidant, anti-inflammatory,
analgesic, adaptogenic and hepato-protective deg\ig, 9].

The aim of the present in vitro study was to eviuthe impact of aqueous extract of

Sda cordifolia roots on rat spermatozoa in terms of sperm cosp&rm motility, sperm
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morphology and through HOS study following standasdessment methods. The objective was
to assess any likely cytotoxic damage, lethalityabnormalities that could cause spermicidal
action or other reproductive toxicity in animal exipnentation. These assessments could provide
valuable information for the determination of pdiahtherapeutic action of the research drug

which can be prescribed for future in vivo sperrgattesis evaluations.

2. MATERIALSAND METHODS

2.1 Preparation of plant extract

The roots ofSda cordifolia Linn. were purchased from crude drug supplier of Katwa
Chowrasta, Burdwan district and the plant samplesevauthenticated by the Research Officer,
Botanical Survey of India, Howrah, Indiade Ref. No. BSI/CNH/SF/Tech./2016. The crude
drugs were washed, sun dried and crushed to pasicé of 80 meshes. The powder of the dried
roots of Sda cordifolia Linn was extracted by non-polar to polar solvents, namedyrdbeum
ether (60°- 80°), Ethyl acetate, Chloroform, Acetpalcohol and water using Soxhlet Apparatus
by continuous hot extraction. The extracts obtawvece filtered, concentrated by water-bath and
finally dried and stored for further analysis. Tdopieous extract of the research drug was used in

this study.

2.2 Chemicals

Tri-Sodium citrate dehydrate (B. No. MK8M583268) svabtained from Merck
Specialties Pvt. Ltd., Mumbai, India. Fructose K. 503414), Sucrose (B. No. 503593), Eosin
yellow stain solution-2% w/v (B. No. 409153) andghisine solution-10% w/v (B. No. 407278)

were obtained from NICE Chemicals Pvt. Ltd., Kerdtalia.
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2.3 Animals

Sexually mature (18-22 weeks old) male Wister raighing 180 to 260 gm were used
for this study. All animals were procured from t@@vernment of West Bengal approved
breeder, M/s Satyacharan Ghosh, Kolkata and howusedr standard environmental conditions
with fixed 12 hr light/dark cycles and at a tempera of approximately 25°C in the animal
house of IPGAE&R, Kolkata. The animals were keptstandard polypropylene cages and
provided with food (standard pellet diet) and wafEnese animals were acclimatized for a
period of 14 days prior to performing any experitsenAll experimental protocols were

approved by the Institutional Animal Ethics Comett(IAEC).

2.4 Preparation of Sperm Suspension

Fig. 1: Testis along with the epididymis in rat

Sperm suspension was prepared following the WHOuala8" ed. (2010) [10]. The
epididymis is a complex organ, where the immotitd &nfertile spermatozoa leaving the testis
acquire both their motility and fertility. Sperm taeation mainly takes place within the proximal
regions (caput and corpus) of the epididymis, whetbe cauda epididymidis plays a major role

in the storage of mature sperm [5]. In this stuitig sperms were collected from the cauda
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epididymis of a healthy male rat who was first anetized for 15 days in the animal house
before dissection. The procedure was repeatedtfabof three randomly selected healthy male
rats and the average values obtained were usedgtinoat the study. The sperm suspension was

prepared by mixing the collected sperms with 2 fid% Sucrose at 37°C [11].

2.5 Division of prepared semen samples

The prepared sperm suspensions were divided intoeiqual parts and assigned to the

following four samples:

Sample A: Control (untreated)

Sample B:  Sida cordifolia AQueous Extract (10 mg/ml)

Sample C:  Sida cordifolia Aqueous Extract (20 mg/ml)

Sample D:  Sida cordifolia Aqueous Extract (30 mg/ml)

The sperm count, motility, morphology and viabilitgsts were done following the
prescribed methods by adding the different conaéiotis (10, 20 & 30 mg/ml) oSda
cordifolia Aqueous Extract in physiological saline (pH 7.4¢pared by serial dilution, and 100
uL of each was mixed with an aliquot of gD of prepared sperm suspension. The sperm count,
motility and other parameters of the each sampbeures were observed within the next 30

minutes under microscope (Olympus CX41).

2.6 Epididymal sperm count
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Fig 2: Neubauer Chamber

The epididymis functions as a storage repositoryspermatozoa prior to ejaculation [10]. The
sperm concentration for each epididymis was evatuéty using the Neubauer chamber [12].
Before using the Neubauer chamber, both sidesofalls were lightly wet and the cover slip
was firmly placed onto the chambers. Approximateyul of the prepared sperm suspension
was transferred to the counting chambers of thebBleer unit. The central square of the grid in
an improved Neubauer chamber containda2§e squares, each containing 16 smaller squares.
More than 200 Spermatozoa were counted for eachpgamd value was expressed as Mean
+SEM. The sperm concentration per epididymis was caledldly counting the number of

spermatozoa in the 16 smaller squares and assdssgsigg the formula:

Sperm concentration in epididymis £N1+2+..+19/12  million/ml

where

N; = Sperm number in one smaller square

12 = factor of multiplication of dilution factor i thickness of cover slip of the Neubauer

chamber

2.7 Deter mination of sperm motility
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The effect upon sperm motility of the research duag determined following a modified
version of the procedure detailed by R.H. Aladaketital (2015) [13]. The motility of each
spermatozoon was graded as either ‘Progressivdim@@R)’, ‘Non-Progressive motility (NP)’,
or ‘Immotility’ (IM) according to their rate of mdity [10] during analysis in the Neubauer

Chamber as described below.

a. Progressive motility (PR): spermatozoa movintivaly and swimming either mostly in a
straight line or in a large circle, or sperm thajzags but makes forward progression, with

varying speed (i.e.,> 25 pm/s at 37°C arel20 um/s at 20°C)

b. Non-Progressive motility (NP): all other pattemf motility with an absence of progression;
the spermatozoa only vibrates in very tight circles forward progression is observed and the
flagellar force hardly displaces the head; or wbaly a flagellar beat can be observed where

speed <5 um/s
c. Immotility (IM): No movement
2.8 Assessment of sperm mor phology and viability

Sperm morphology and viability tests were done ating to WHO manual % ed. 2010
[10]. All the study samples, namely the control ahfferent concentrations of research drug
treated sperm suspensions, were examined sepaaat#dp X under Phase contrast microscope
using Eosin Y and Nigrosin staining method to asseability and morphology of the sperm.
The staining was done by mixing one drop of treated control sperm suspensions with 2 drops
of 2% Eosin Y on a clear microscope slide. Afterse@onds, 3 drops of 10% Nigrosin solution
were added, the mixture was allowed to dry and mieseunder Phase contrast microscope at
400X magnification (fig. 3). The proportion of livigpermatozoa can be determined by using

8
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staining techniques that are based on the prindlpd¢ dead cells with a damaged plasma
membrane absorb certain stains, thus differengaive live (unstained) spermatozoa from the
dead (stained) cells. Sperm vitality assessmests [@ovide a clear idea about the accuracy of
the motility evaluation, since the percentage addleells should not exceed (within counting
error) the percentage of immotile spermatozoa @sfig. 4 & 5). The presence of a large

proportion of vital but immotile cells may be indtove of structural defects in the flagellum

[14].

<m@

Fig 3: Slide after staining with Eosin Y & Nigrosin

-
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spermatozoa

Fig 4: Viable sperm without staining showing headland bent tail abnormality
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Fig 5: Dead sperm with stain showing hook tail &edt tail abnormality

2.9 Assessment of plasma membraneintegrity

The Hypo-osmotic swelling (HOS) test is a relatwelew assay used to evaluate the
functional integrity of the sperm'’s plasma membritd. The assay is based on the fact that
fluid transport occurs across an intact cell memérander hypo-osmotic conditions until
equilibrium is reached. Due to the influx of fluithe cell will expand and bulge, especially in the
tail, and this change can be readily observed wigihase contrast microscope. The Control and
different concentrations of research drug treatperra suspensions were exposed to HOS
solution (75 mM fructose and 20 mM sodium citrdt®)at least 30 min at 37°C. The number of
spermatozoa which exhibit characteristic swellimgtal coiling were counted under a phase

contrast microscope (X 100).

3.RESULTS

3.1 Epididymal sperm count and deter mination of sperm motility

10



187 The sperm count and motility values of the differemmples are shown in table 1. There
188 was no appreciable change in the sperm count mfterducing the research drug extract at
189  different concentrations up to the level of 30 migawel as elaborated in Fig. 6 and 7.
190 Table 1: Sperm parameter assessment
Sample Sperm Count Sperm Motility Sperm Sperm
(million/ml) Morphology| Viability
(in %)
Progressive Non- Immoatile Normal
(in%) |progressive| (in %) (in %)
(in %)
Sample A 123.00 £3.46 40.00£1.p%.00+0.5854.00£1.1654.50+4.70| 60.0+£3.70
Sample B 121.00 +6.00 41.50+1.3%.50+£0.89| 53.00+1.985.00+£1.53/60.17+1.20
Sample C 121.00 £7.04 43.00+1.0[75.00+0.7352.00+1.0355.50+1.48|61.00+2.22
Sample D 122.00 £8.30 43.50+2.08.90+0.68| 51.60+1.536.00+1.77| 61.50+2.4]
191

11
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Image of spermatozoa in control sample (Sample Image of spermatozoa in treated Sample D

A) at 10X magnification (30mg/ml) at 10X magnification

Fig 6: Sperm Count by using Neubauer chamber

54.00 53.00 52.00 51.50

% of Motility
8 8 &8 8 3

et
(=T ]

=

A B C D

B Progressive Motility ~ ™ Non-progressive Motility ™ Immotile

Fig. 7. Effect of different concentrations $tla cordifolia AqQueous Extracts on sperm motility

3.2 Sperm Morphology and Viability

Although normal seminal fluid contains a huge nuralmé sperm, not all of these sperms
will be viable where 'Viable' in its most basic senmeans ‘alive’. The morphological and
viability studies of spermatozoa were done usingsitoY and Nigrosin. No adverse

12
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morphological changes were found in the sperm hesdkpiece or tail of samples B, C and D
which received the research drug in various comagohs when compared with untreated
spermatozoa (fig. 8). The percentage of spermsngarormal morphology which was 54.50
+4.70 in Sample A increased to 56.00 £1.77 in ads®ample D. Similarly, the sperm viability

also increased from 60.0 £3.70 % in Sample A t6®%2.43 % in case of Sample D (fig. 9).

.

Hook tail

Control: Image under microscope showin§ample D (30 mg/ml): Image under microscope
some abnormal spermatozoa (headless, bentghdwing some abnormal spermatozoa (headless,

and bent neck) bent tail and bent neck)

Fig. 8 Slides showing assessment of sperm morpkalnd viability
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Fig. 9: The effect o8da cordifolia agueous extract on sperm morphology and viability
3.3 Hypo Osmotic swelling test (HOS test):

No significant changes between the various treatrgesups were observed during the
HOS test. The number of spermatozoa which exhiliteatacteristic swelling or tail coiling in
the control sample and various concentrations sktaech drug treated sperm suspensions
exposed to HOS solution were assessed under thiesoape, but no noticeable variations were

observed under laboratory conditions.

4. DISCUSSION

In India, Sda cordifolia or ‘Bala’ is considered to be one of the most &hle drugs in
Ayurvedic medicine and has been widely used simogeat times. The roots, leaves, and stems
are utilized as traditional medicines in chroniceiytery, general weakness, muscular weakness,
gonorrhea, pain and inflammation of the joints @sthma. The roots of this plant are also
indicated for piles, to promote aphrodisiac treattrfer neurodegenerative diseases, including

Parkinson’s disease, facial paralysis as well asrinary and reproductive disorders. In this

14
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study, the aqueous extract @tla cordifolia was used because this plant has been prescribed to
the patients as a rejuvenator and tonic in the @ggérm of root powder for a long period in
Ayurvedic traditional system of medicine. Howeviemvas not evaluated in vivo till now for its
possible impact on the spermatozoa in animal exyaris. Therefore, the aqueous extract of this
plant was evaluated and extraction was done inlsbxdpparatus following different solvent
systems as per Ayurvedic pharmacopeia. The othesa@s were not used since their extractive
value was very low. During the study, treatmenthwiite research drug, namely the aqueous
extract ofSda cordifolia resulted in no significant adverse impact uponsierm count up to 30
mg/ml dose.

Sperm maturation mainly takes place within the prat regions (caput and corpus) of
the epididymis, whereas the cauda epididymidis gplaymajor role in the storage of mature
sperm. Plant origin compound azorellanone signifigainhibited several functions that are
essential for fertilization, such as sperm motjlgperm—zona binding, sperm acrosome reaction
and C&" influx, and sperm protease activities [16]. Neeemidtives, viz., sodium nimbinate
and sodium nimbidinate have been found to posses wpermicidal actiom vitro [17, 18].
Praneem polyherbal cream has shown spermicidalctefée effective concentration to
immobilization (100%) of sperm within 20 secs [1Bumbar et al. (2012) and Aladakatti et al.
(2011) evaluated the effective concentration of buhide, an isoprenoid of neem leaf, to
immobilize and kill 100% rat spermatozoa and sutggkthat isoprenoid of leaf is hydrophilic in
nature and mixes immediately with water as welbagdy fluids and kills sperm within 20 secs
[20, 21]. Azadirachtin - A, a tetranortritarpinomf neem seed kernel, when tested on rat
spermatozoa bestows the sperm-immobilizing effetttee directly executing its effects by

structural and functional modulation of the plasmembrane or by way of its synergism with

15
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blockage of some biochemical pathway likes enetdization [22]. A. indica leaves also cause
impairment of spermatogenesis and exhibit anti-ageinic effect in albino rats [23, 24].
Therefore, the present study was done to evalusitdirect impact on the spermatozoa of rat
animal following the standard spermicidal effecestinods.

In this study, the sperms were collected from thweda epididymis of a healthy male rat
who was first acclimatized for 15 days in the arimause before dissection. The sperm count,
motility, morphology and viability tests were dofedlowing the prescribed methods by adding
the different concentrations (10, 20 & 30 mg/ml) Sfla cordifolia Aqueous Extract in
physiological saline (pH 7.4) prepared by seriéltdin, and 10QuL of each was mixed with an
aliquot of 20uL of prepared sperm suspension.The overall speumtoaried only between 121
to 123 million/ml during the study, suggesting naticeable in vitro spermicidal effect of the

research drug.

As far as sperm motility is concerned, there wasdeerse impact upon motility due to
intervention ofSda cordifolia Aqueous Extract at all doses. In fact, the progvesmotility
increased marginally from 40.00 £1.07 in case ohf§la A to 43.50 £2.05 in case of Sample D.
Accordingly, the percentage of immotile sperms dased from 54.00 +1.16 in case of Sample
A to 51.50 £1.52 in Sample D. Therefore, the inovitreatment with aqueous extrauft Sda
cordifolia root powder had a little but consistent and sigaiiit positive impact upon the motility
of sperms in this experiment. It was also obsethatithis positive impact on the sperm motility
in case of semen samples was concentration-depemnterature since the overall motility
showed an increasing trend when the drug conceriratas increased in various samples in the
range of 10 mg/ml to 30 mg/ml may be due to itsoxidant activity of the plant having

phenolic and flavonoid compoundBlant sourced food antioxidants like vitamin Camiin E,
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carotenes, phenolic acids, phytate and phytoesisodmve been recognized as having the
potential to reduce disease risk that can scavémgeradical. Researchers suggest that two-
thirds of the world's plant species have medicuaddie and many of them have great antioxidant
potential. In fact, many plant species have sim#atioxidant potential as that of synthetic

antioxidants [25].

These findings about the positive in vitro effefttloe research drug upon vital sperm
parameters are also corroborated by the resulisingat in respect of the morphology and
viability of sperms. Both the percentage of norspadrms and their viability exhibited a trend of
slow but steady enhancements with increasing caratem levels of research drug across the

treatment groups.

Studies of the plasma membrane integrity of spemmshe HOS test indicated no
significant adverse changes at the structural leveie research drug treated semen samples. No
negative impact in the sperm plasma membrane, wiaald affect its efficacy, could be noticed

up to the level of 30 mg/ndida cordifolia aqueous extract.

This study validates the effect of the researcly dnuenhancing the quality of semen as
described in the Ayurvedic texts which may be duéhe presence of phenolic compounds and

its antioxidant properties.

5. CONCLUSION

In vitro assessment of the sperm quality in ternfisit®e motility, morphological
abnormalities and viability due to treatment witjuaous extract diida cordifolia indicated no

spermicidal or toxic effect. On the other handre¢hwas a small but significant enhancement in

17
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the sperm parameters, reduction in abnormalitiesiacrease in viability of sperms which was

found to be concentration-dependent.
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