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Abstract: The present experiment evaluates the permanent chemosterilizing activity of single intratesticular
injection of calcium chloride in stray dog. It has been indicated that testicular seminiferous epithelial germ
cell layers were affected drastically along with low sperm count in epididymis, elevation in oxidative
stress in testicular tissue, low androgenic enzyme activity, high levels of testicular cholesterol and ascorbic
acid after calcium chloride injection. There was no significant change in serum GOT and GPT activities
as well as no inflammation was noted in testes. Histoarchitecture of seminiferous tubule at the dose of
200 mg/Kg resulted complete atrophy of germ cells along with infiltration of collagen fibers though the
lower dose i.e.100 mg/Kg is not so much effective. There was no change in sex drive or mounting of the
treated dog at the dose of 100 mg or 150 mg/Kg body weight, but at the dose of 200 mg/Kg the
interference in sex drives with loss of libido was noted. This chemosterilizing ability is permanent as the
above mentioned testicular sensors levels remain at the sub fertile range for 60 days when compare to
control. This suggests that at a specific dose of single intratesticular injection of calcium chloride is very
much effective for induction of chemosterilization.   
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INTRODUCTION

To control the stray dog population, Government of
India framed Canine Rabies Control programme but it
is not effective as there is no method in hand for mass
scale rapid sterilization of the inferior quality male
animals. Open surgery in such cases is not possible due
to post-operative care of mass animals and is
unsuitable for application in mass scale. On that
background, the chemosterilization with various agents
in different species had stimulated interest all over the
world as better substitute. Although sterilization of
male and female dogs is ideal for prevention of
overproduction but sterilization of male dogs have the
potential to produce a greater number of offspring than
females. Though there are two techniques for
sterilization known as surgical and chemical but
surgical method required trained physician along with
postoperative care. In this regard, a challenge has been
taken by different scientist to develop a non-surgical
chemosterilization method by using some chemical
agents, as this process is suitable for mass scale
application and may be a better alternative to surgical
castration. Several attempts have been considered to
search out the promising chemical agent as
chemosterilizing agent like steroid hormones such as

androgens , progestagens , androgens plus[19] [31]

progestagens  and agonists for gonadotrophin[38]

releasing hormone . These are not effective because[33 ,7]

all are impermanent and not effective or suitable for
mass-scale application. Various chemical agents like
cadmium chloride , Danazol , glycerol , lactic[24 , 16] [7] [36]

acid , ferric chloride and ferrous sulphate  have[8] [17]

been used for induction of chemosterilization. Most of
these agents have severe drawbacks like of short period
of  chemosterilizing activity, inflammatory response
and others.

Regarding the efficacy of calcium chloride as
chemosterilizing agent there is paucity of information,
though we have a previous report in this line on rat .[14]

There is no previous report about its effects on stray
dog. For that purpose, the present study was
undertaken to evaluate the efficacy of this injection for
long time or to consider as permanent chemosterilizing
agent.

MATERIALS AND METHODS

Animals: Twenty four healthy male adult stray dogs of

2 to 2.5 years of age having weight about 18.5 ± 10

Kg, with normal libido and serving ability in the
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breeding season (August-November) were acclimatized

initially for one month in the animal house. They were

routinely de-wormed and vaccinated prior to arrival in

the animal housing area. The animal house had facility

of proper light and normal temperature (ranging from

19 C to 25 C). Dogs were housed in indoor runs and0 0

received food and water ad libitum. The Animal Ethics

Committee of the Institute duly approved the protocol

of this experiment.

Animal Treatment: In order to evaluate the effective

dose of calcium chloride for induction of chemo -

sterilization, 24 dogs were divided into following four

groups equally. Treated groups were injected with

sterile analytical grade of calcium chloride (E. Merck,

2 2India, CaCl .2H O) and bilateral intratesticular

injections were performed carefully under light ether

anesthesia by using disposable syringe. The needle was

directed from the codoventral aspect of each testis

approximately 5 mm from the epididymal tail, towards

the dorsocranial aspect of the testis. The solution was

carefully deposited in the entire route from proximal to

distal end by linear infiltration while withdrawing the

needle. All necessary care was also taken to prevent

the seepage of the solution from the injection site. No

further injections were performed through the rest of

the period.

Control group received single bilateral intra

testicular injection of 0.1 ml of sterile normal saline

per l00 g of body weight into each testis and was

considered as vehicle treated control.

Treated group 1, given single bilateral intra

testicular injections of 100 mg calcium chloride in 0.5

ml normal saline/testis/Kg body weight.

Treated group 2, received single bilateral intra

testicular injections of 150 mg calcium chloride in 0.5

ml normal saline/testis/Kg body weight.

Treated group 3, given of single bilateral intra

testicular injections of 200 mg calcium chloride in 0.5

ml normal saline/testis/Kg body weight.

After 60 days all the animals were operated under

anaesthetized condition for the open surgery to collect

the testes and relevant organs. Blood samples were

collected from sephanus vein. Serum samples were

separated by centrifugation and testes were dissected

out and stored at -20 C for biochemical analysis of the0

activities of the enzymes like catalase (CAT),

peroxidase (Px), superoxide dismutase (SOD),

g luta thio ne-s-transfe ra se  (G -S-T ) a long  with

quantification of the levels of thiobarbituric acid

reactive substance (TBARS) and conjugated diene (CD)

and histological study.

Epididymal Sperm Count: Spermatozoa were
collected from an equal length of the cauda of the
excised epididymis of each animal by flushing it with

the same volume (10 ml) of a suspension medium
containing 140 mM NaCl, 0.3 mM KC1, 0.8 mM

2 4 2 4Na HPO , 0.2 mol KH PO  and 1.5 mM D-glucose (pH
adjusted to 7.3 by adding 0.1 M NaOH) (Merck,
Mumbai, India). The collected sample was centrifuged
at l00 x g for 2 min and the precipitate was
resuspended in 10 ml of fresh medium. The numbers
of spermatozoa in a 100 ml suspension were counted
in four chambers of the leukocyte-counting chamber on
a haemocytometer slide  under a light microscope.[37]

The sperm count was expressed as the count of sperm
per ml of suspension.

Estimation of Testicular Ä ,3â-hydroxysteroid5

,dehydrogenase (Ä 3â-HSD) and 17â-hydrxoysteroid5

dehydrogenase (17â-HSD) Activities: Testicular Ä ,5

3b-HSD activity was measured according to the method
of Talalay . One testis from each animal was[32]

homogenized carefully at 4 C in 20 % spectroscopic0

grade glycerol containing 5 mM potassium phosphate
and 1 mM EDTA at a tissue concentration 100 mg/ml
homogenizing mixture. This mixture was centrifuged at
10, 000 x g for 30 min at 4 C. The supernatant (1ml)0

was mixed with 100 mM sodium pyrophosphate buffer
(pH- 8.9), 40 ml ethanol containing 30 mg
dehydroepiandrosterone and 960 ml of 25 mg % BSA,
bringing the incubation mixture to a total of 3 ml.
Enzyme activity was measured after addition of 0.5
mM NAD to the tissue supernatant mixture in a
spectrophotometer cuvette at 340 nm against a blank
(without NAD). One unit of enzyme activity was the
amount causing a change in absorbance of 0.001/ min
at 340 nm.

For the measurement of testicular 17â-HSD
activity, another 1ml supernatant from the same
homogenizing mixture was added to 440 mM sodium
pyrophosphate buffer (pH-10.2), 40 ml ethanol
containing 0.3 mmol testosterone and 960 ml of 25 mg
% BSA, bringing the incubation mixture to a total of
3 ml. Enzyme activity was measured according to the
method of Jarabak et al  After addition of 1.1 mM[15]

NADP to the tissue supernatant mixture in a
spectrophotometer at 340 nm against a blank (without
NADP). Optical density was measured at 30 sec
intervals for the assessment of the enzyme activity.
One unit of enzyme activity was equivalent to a
change in absorbency of 0.001 /min at 340 nm.

Estimation of Testicular Cholesterol Level: The
testicular cholesterol level was determined by the ferric

3chloride (FeCl ) method . The testicular tissue was[25]

3homogenized in 0.5 % FeCl  buffer at the concentration
of 20 mg/ml followed by centrifugation at 2000 rpm
for 10 min. The reading of unknown and standard
taken in respect to blank at 570 nm in Photo
colorimeter. The value was expressed in mg/100mg of
tissue.
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Biochemical Estimation of Testicular Content of

Ascorbic acid: The 10 % (wt/vol) tissue homogenate

of testicular tissue in 4 % (wt/vol) oxalic acid solution

will has been centrifuged at l000 x g for 10 min at

room temperature and the deproteinized supernatant has

been collected for the measurement of ascorbic acid.

The ascorbic acid into the sample and series of

standards were first dehydrogenated by bromination.

The dehydroascorbic acid then reacted with 2 % 2, 4-

Dinitrophenyl Hydrazine (DNPH) dissolved in 0.5 N

2 4H SO  to form osazone crystals dissolved in 80 %

sulphuric acid that give an orange- red colour solution

which is measured at 540 nm .[34]

Biochemical Assay of Testicular Catalase (CAT):

The activity of catalase of the testicular tissue was

measured bio chemically, . For the evaluation of[3]

catalase activity testis of each animal was homogenized

separately in 0.05 M Tris-HCl buffer solution (pH-7.0)

at the tissue concentration of 50 mg/ml. These

homogenized samples were centrifuged at 10,000 x g

at 4 C for 10 min. In spectrophotometric cuvette, 0.50

2 2ml of 0.00035 M H O  and 2.5 ml of distilled water

were mixed and reading of absorbance was noted at

240 nm. Supernatant of epididymal sample was added

at a volume of 40 µl and the subsequent six readings

were noted at 30 sec intervals.

Biochemical Assay of Testicular Peroxidase (Px):

The peroxidase activity was measured in testicular

tissue according to the standard method . The sample[26]

was homogenized in ice cold of 0.1 M phosphate

buffer saline (pH -7.0) at the tissue concentration of 50

mg/ ml. Next, 20 mM guiacol was mixed with 0.1 ml

supernatant collected from the homogenate. In the

2 2presence of 0.3 ml of 12.3 mM H O , the time was

recorded for an increase in the absorbance by 0.1 at

436 nm.

Assay of Superoxide Dismutase (SOD) Activities in

the Testicular Tissues: Testicular tissue was

homogenized in chilled 100 mM Tris HCl buffer

containing 0.16 M KC1 (pH-7.4) to give a tissue

concentration of 10 % (wt/vol) and centrifuged at

l0,000 x g for 20 min at 4 C. The SOD activity of the0

sample was estimated by measuring the percentage

inhibition of the pyrogallol auto oxidation by SOD

according to the standard method . The buffer was[18]

prepared  by 50  m M  T ris (pH -8.2).  In a

spectrophotometric cuvette, 2.04 ml of TRIS buffer, 20

ml of sample and 20 ml of pyrogallol were taken and

the absorbance was noted in spectrophotometer at 420

nm for 3 min period. One unit of SOD was defined as

the enzyme activity that inhibits the auto-oxidation of

pyrogallol by 50 %.

Assay of Glutathione-S-Transferase (G-S-T) Activity

in the Testicular Tissues: Glutathione-s-transferase

activity was also measured spectrophotometrically [12]

using CDNB (l-chloro-2.4-dinitrobenzene, Sigma) as

substrate. The assay mixture (3 ml) contained 0.1 ml of

1 mM CDNB in ethanol, 0.1 ml of 1 M GSH (SRL,

Mumbai, India), 2.7 ml of 100 mM potassium

phosphate buffer (pH-6.5) and 0.1 ml of the

supernatant of the tissue homogenate. The formation of

the adduct of CDNB, S-2,4-dinitrophenylglutathione,

was monitored by measuring the net increase in

absorbance at 340 nm against the blank. The enzyme

activity was calculated using the co-efficient 9.6 M -1

cm  and expressed as nmol of product formed per min-1

per mg of protein.

Estimation of Lipid Peroxidation from the

Concentration of Thiobarbituric Acid Reactive

Substance (TBARS) and Conjugated Diene (CD):

Epididymal tissues were homogenized separately at the

tissue concentration of 50 mg/ml in 0.1 mol of ice-cold

phosphate buffer (pH-7.4) and the homogenates were

centrifuged at 10, 000 x g at 4 C for 5 min0

individually. Each supernatant was used for the

estimation of TBARS and CD. For the measurement of

TBARS, the homogenate mixture of 0.5 ml was mixed

with 0.5 ml of normal saline (0.9 g % NaCl) and 2 ml

of TBA-TCA mixture (0.392 g thiobarbituric acid in 75

ml of 0.25 N HCl with 15 g trichloroacetic acid. The

volume of the mixture was made up to 100 ml by 95

% ethanol) and boiled at 100 C for 10 min. This0

mixture was then cooled at room temperature and

centrifuged at 4,000 x g for 10 min. The whole

supernatant was taken in spectrophotometer cuvette and

read at 535 nm .[23]

Quantification of the CD was performed by a

standard method . The lipids were extracted with[29]

chloroform-methanol (2:1) followed by centrifugation

at 1000 x g for 5 min. The chloroform layer was

evaporated to dryness under a stream of nitrogen. The

lipid residue was dissolved in 1.5 ml of cyclohexane

and the absorbance was noted at 233 nm to measure

the amount of hydro peroxide formed.

Assay of Serum Testosterone Level: Serum levels of

testosterone were measured using the testosterone kit

from IBL-Germany according to the standard protocol

supplied by that company . In this solid phase-[22 ] 

conjugated assay an alkaline phosphatase conjugated

hormone was used. The company supplied the

chromogen and stop solution. The optical density of

standard and unknown was measured by using the

selective filter at 480 nm and differentiating filter at

660 nm. The intra-assay variation was 5.2 %. There is

no interassay variation as all the samples were assayed

at a time.
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Biochemical Assay of Serum Glutamate Oxaloacetate

Transaminase (SGOT) and Serum Glutamate
Pyruvate Transaminase (SGPT): Serum GOT and

GPT were measured biochemically using the kit
supplied by Ozone Biomedical Pvt. LTD (TD/ Boarda,

India) and the activities were measured according to
supplied standard protocol . The activities of these[13]

enzymes were expressed as U /L.

Histopathological Study of Testes: The right testis
from each animal was fixed with Bouin’s fixative and

embedded in paraffin wax. Sections of 5 mm thick was
cut from the middle portion of each testis, stained with

hematoxylin-eosin (HE) and examined under light
microscope at 400X magnifications.

Statistical Analysis: Data are reported as means ±

SEM and one-way ANOVA followed by  multiple
comparison two-tail ‘t’ test was used for statistical

analysis of the collected data . Differences were[30]  

considered significantly at P<0.05.

RESULTS AND DISCUSSION

2Results: Intratesticular injection of CaCl  at the doses

of 100 mg. 150 mg and 200 mg led to a significant
graded diminution (P<0.001) in testicular somatic index

and a significant graded diminution also in epididymal
sperm count in respect to vehicle treated control

(P<0.001) (Table 1).
There was a significant diminution in the activities

2of testicular Ä , 3â-HSD  and 17â-HSD  after CaCl5

2treatment in both l00 mg, 150 mg and 200 mg CaCl

treatment, caused a greater inhibition (P<0.00l) in these
enzyme activities when compared with the control

(Fig.1).
Testicular content of cholesterol and ascorbic acid

levels were significantly elevated (P< 0.001) at the

2doses of 100 mg, 150 mg or 200 mg CaCl  dose of

treatment when compared with the control (P<0.00l)
(Fig. 2).

Serum concentration of testosterone was
significantly decreased in graded manner (P<0.00l) at

2the doses of 100 mg, 150 mg and 200 mg CaCl
treatment in comparison with the vehicle treated control

as well as between the treated groups (Fig. 3).
There was a significant diminution in the activities

2of testicular CAT, Px, SOD, G-S-T after CaCl
treatment at the dose of l00 mg, 150 mg and 200

2mgthough 200 mg dose of CaCl  treatment caused a
maximum inhibition (P<0.00l) in these enzyme

activities when compar with the control (Fig. 4,   Fig.
5).

Testicular content of TBARS and CD were
significantly elevated (P<0.00l) at the doses of 100 mg

2or 150 mg CaCl  treatment in respect to control but the

2dose of 200 mg CaCl  treatment exerts a greater degree

of elevation in the testicular contents of TBARS and
CD when compared with the control (P<0.00l) (Fig. 6).

Fig. 1: Changes in Ä5, 3â-HSD and 17â-HSD

activities in testis in intratesticular calcium

chloride injected stray dog. Data are expressed

as mean ± SEM, n=6. Bars with different

superscripts (a,b,c,d) significantly differ from

each other (P< 0.05). ANOVA followed by

Multiple comparison two-tail "t" test.

Fig. 2: Effect of intratesticular calcium chloride

injection in testicular cholesterol and ascorbic

acid levels in testis in stray dog. Data are

expressed as mean ± SEM, n=6. Bars with

different superscripts (a,b,c,d) significantly

differ from each other (P< 0.05). ANOVA

followed by Multiple comparison two-tail "t"

test.

No significant (P>0.05) alterations in the activities

of serum GOT and GPT were observed in any of the

treated groups with respect to the controls treated with

the vehicle or between the treated groups (Table 2).
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Fig. 3: Diminution in serum testosterone level in intra

testicular calcium chloride injected stray dog.

Data are expressed as mean ± SEM, n=6. Bars

w ith  d i f fe r e n t  su p e rsc r ip ts  ( a ,b ,c ,d )

significantly differ from each other  (P< 0.05).

ANOVA followed by Multiple comparison

two-tail "t" test.

Fig. 4: Changes in testicular catalase and peroxidase

activities in intratesticular calcium chloride

injected stray dog. Data are expressed as mean

± SEM, n=6. Bars with different superscripts

(a,b,c,d) significantly differ from each other

(P<0.05). ANOVA followed by Multiple

comparison two-tail "t" test.

Testicular sections showed normal arrangement of

germ cells in seminiferous tubules with distinct

peritubular space and interstitial cells of Leydig in

2control group (Fig. 7a). 100 mg CaCl  treatment was

associated with necrotic seminiferous tubules, which

was loaded with degenerative germ cells along with

calcium deposition. Some matured and elongated

spermatozoa present in interstitial space were noted

2(Fig. 7b). Intratesticular injection of 150 mg CaCl

solution resulted a significant degree of necrosis in

germinal epithelium of seminiferous tubules and

interstitial cells of Leydig along with the appearance of

fibrous tissue in interestitial spaces. Some of the

seminiferous tubules showed scattered loci of calcium

deposition and all the tubules were atrophied (Fig. 7c).

At the highest dose (200 mg) of intra testicular

2injection of CaCl  solution, complete derangement of

tubular architecture without any distinct boundary

between the tubular and extra tubular compartment

along with infiltration of huge number of leukocyte

throughout the testicular tissue were noted. The

degeneration of interstitial cells of Leydig along with

notable appearance of fibrous tissue was noted through

out the testicular tissue (Fig. 7d).

Fig. 5: Effect of intratesticular injection of calcium

chloride on testicular superoxide dismutase

(SOD) and Glutathione-S-Transferase (G-S-T)

activities in stray dog. Data are expressed as

mean ± SEM, n=6. Bars with different

superscripts (a,b,c,d) significantly differ from

each other (P< 0.05). ANOVA followed by

Multiple comparison two-tail "t" test.

Fig. 6: Elevation in thiobarbituric acid reactive

substance (TBARS) and conjugated diene (CD) levels

in testis in intratesticular calcium chloride injected stray

dog. Data are expressed as mean ± SEM, n=6. Bars

with different superscripts (a, b, c, d) significantly

differ from each other (P< 0.05). ANOVA followed by

Multiple comparison two-tail "t" test.
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2Fig. 7: Microphotography of testis of control and CaCl  treated groups. (HE x 400X). 

7a. Normal architecture of seminiferous tubules along with interstitial space i.e., control group. 

27b. 100 mg/testis/ Kg of body weight CaCl  injected group showing necrotic seminiferous tubules along with

degenerated germ cells.

27c. 150 mg/testis/Kg of body weight CaCl  injected group focused degenerative changes in seminiferous tubules

as well as the interstitial tissues.

27d. 200 mg/testis/Kg of body weight CaCl  injected group resulted complete degeneration of seminiferous

tubules along with appearance of fibrous tissue in the interstitial space.

Table 1:  Effect of intratesticular calcium chloride injection in testicular somatic index, sperm  count.

Group Testicular Somatic Index (mg /100 g body weight) Sperm count (count/ml)

Control 1380 ± 35.45 12.41 x 10 ± 460.40a 6 a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100mg/Testis/Kg body weight 750 ± 21.10 2.12 x 10  ± 120.50b 3 b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

150mg/Testis/Kg body weight 402 ± 18.85 0.74 x 10  ± 80.30c 3 c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

200mg/Testis/Kg body weight 180 ± 10.10 0.31 x 10   ± 45.20d 3 d

Data are expressed as mean ± SEM , n=6. Values in each vertical colum n with different superscripts (a, b, c, d), significantly differ from each

other P< 0.05. ANOVA followed by M ultiple comparison two-tail “t” test.

Table 2: Changes in serum glutamate oxaloacetate transaminase and glutamate pyruvate transaminase activities in intra testicular calcium

chloride injected stray dog.

Group SGOT (U/L) SGPT (U/L)

Control 19.2 ± 0.35 28.7 ± 0.35 a  a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100mg/Testis/Kg body weight 18.7 ± 0.42 27.8 ± 0.75 a  a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

150mg/Testis/Kg body weight 17.9 ± 0.37 24.5 ± 0.8 a  a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

200mg/Testis/Kg body weight 18.2 ± 0.62 28.8 ± 0.62 a  a

Data are expressed as mean ± SEM , n=6. Values in each vertical colum n with same superscripts did not differ significantly from each other

P< 0.05. ANOVA followed by M ultiple comparison two-tail “t” test.

Discussion: From the histoarchitectural study of

seminiferous epithelium, it has been revealed that

graded response was noted in the degenerative nature

of germinal epithelium which was started from 100 mg

dose and maximum effective dose was 200 mg. At this

most effective dose, seminiferous epithelial germ cell

layer has been captured by collagen fibers along with

total degeneration of germ cell in the tubule and

relatively absence of germ cell. This degenerative

change which is started from 100 mg/Kg of dose and

optimal response noted in 150 mg dose has been

confirmed here from epididymal sperm count as this is
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the reflector of spermatogenesis . The mode of[10]

action of this chemosterilizing agent may be explained

from the angle of low testicular androgens as

testosterone is one of the important regulators of

spermatogenesis . This low level of testosterone in[28]

this experiment has been confirmed here by the

inhibition in the activities of androgenic key enzymes

like Ä , 3â-HSD and 17â-HSD . Low serum5 [21]

testosterone which has been noted here is also in the

same line of findings of our earlier students . The[14]

low concentration of serum testosterone in calcium

chloride treated group is further strengthening here by

the qualitative assay of testicular section where fibrosis

is noted in interstitial space of seminiferous tubules .[9]

Efficacy of calcium chloride for induction of

chemosterilization both in optimum and maximum

doses is supported by necrosis in seminiferous tubule

and interstitial cells of Leydig along with significant

fibrosis of interstitial space which are in consistent to

others . Another possible explanation for induction of[9]

chemosterilization in testis may be the elevation in the

oxidative stress injury of testicular tissues by calcium

chloride as testicular catalase, peroxidase, superoxide

dismutase and glutathione-s-transferase which are

important antioxidant enzymes are decreased in their[27] 

activities. More over, the level of end product of free

radicals i.e. TBARS and CD both are elevated which

are biosensors of testicular oxidative stress . This[1 1 ]

high level of free radicals in testicular tissues may

results germ cell degeneration as germ cells are

vulnerable to the free radicals . This testicular[1 , 2]

oxidative injury by calcium chloride may be due to low

level of testosterone  and or due to the direct effect[4 ]

of this agent for infertility induction via testicular

oxidative injury .[35]

From the study of testicular cholesterol and

ascorbic acid levels, it has been noted that both these

parameters were elevated remarkably which may be

due to low androgenesis .[20 , 5]

This single intra testicular injection of calcium

chloride did not cause any general toxicity induction

which has been reflected here by insignificant change

in SGOT and SGPT levels, as these are the main

indicators of general toxicity.

In conclusion, as the above evaluation was

performed after sixty days of intratesticular injection of

calcium chloride so it indicates the possibility of

irreversible chemo sterilization ability of the agent.

This method for induction of sterilization in male is

simple, economic and one of the best alternative of

surgical technique and so it has a bright future for

application in great scale.
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