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INTRODUCTION

The objectives behind artificial insemination are 10
improve the genetic make-up of the indigenocus cattle by
using exotic germplasm on a large scale in a short period
for bringing Wnite Revoliution and thereby improving the
economic conditions of the poor and marginal farmers. (ver
a few decades, the frozen semen has largely supplanted
liquid semen ror artiricial insemination of catile, but
‘ the reduced motility exhibited by the spermatozoa alter
ceryostorage and the concomitant loss of fertilizing potential
is a major problem confronting artificial insemination
prograumes by Irozen semen. 3ince semen is deposited in
the genital tract during oestrous which coincides with the
maximal secretion of mucus, the sperms have 10 exercise
their both motility and vigour in penetrating tue ovestrous
mucus and ovum to complete the process of fertilizationm.
Literature snows positive correlation bDetween mucus pene-
trution capacity of sperm and iertiilzing abillity in human
beings (Insler et al., 1979). according to Akntar et al.
(1980), the penetration rate of sperms in bovine cervical
mucus was always higher in those aniumals wnich concelived
as compared to those that did not conceive. Besides, the
incidence of dir.erent types of sperm abnormalities have
also direct bearing on conception raute. Thus, motility and
penetration rete of sperws in tne oestrous mucus and

morphology of ihe sperms have been considered 8 Vvery important
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criteria for assessment of the quality of the semwen szmples

in relation to fertiiity.

In the past, attempis have been made to improve the
motiiity of spermatozoa, as well as, fertiiity of semen
by using various stimulating agents. Glycine, fructose,
cnelating agents (like EDTA, DEDTC, cysteine hydrochloride
and glutathione) to yolk and milk-based diiuents have been
tried with varlabie results (Sengupta et al., 196Y; Tomar
et al., 1979). In contrast to above agents, amino acids
and enzymes have been used witn much advantage (Hafs, 1968;
Kirton and Hafs, 1965; Kirton et al., 1968; Hafs, 1971;

Foulikes and Goody, 1980 and Baavsar et al., 1989).

In recent past, there are many reports re.arding
incorporation of carffeine and prostaglandin F, alpha as
| additives in the fresh, chililed or frozen thawed seumen
samples of the different livestock, laboratory animals and
numen beings. Some of these reports nave indicated a
stiamulatory effect, but others have obtained contradictory
results. With the advent of recent tecunology for extensive
use of frozen semen for insemination, these contradictory
reporis make it difficult to estabiisu whether treatment
of bovine semen samples witn these agents prior to deep
freezing would improve the sperm motility and oestrous
fucus penetration rate. yurther, it would alsc necessitate
Yo assess whether such additives have detrimental eifects

on morphnology of the sperms and thereby augumenting the
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fertility. As there is a relationship between the spernm

fertiiity and concentration of prostaglandins in the semen

( Howkins, 1968). adequate concentration of prostaglandin in

diiuted semen is essential for optimum fertility. Normaliy

prostaglandins are diiuted to & great extent when semen 1s

hg;tended for artificial inseminestion. Hence, prostaglandin F2

?fnalpha may not be in adequate concentration be sufficient to

augument sperm fertility inspite of it being in fair quantity

in'saminal plasma.

Keeping these aime in view, the present study was under-

taken with the following objectives :

1.

4

Po study the effects of caffeine citrate and prosta-
glandin F, alpha on post thaw motility of frozen
semen of Holstein Friesian and Jersey bulls.

To measure the penetration rate of frozen seumen
samples of Holstein Friesian and Jersey bulls
supplemented with caffeine citrete and prosta-
glandin F2 alphae into the oestrous mucus of coOwWs.

To find out the morphological chenges in tie sperms
of the frozen semen of Holstein Friesian and Jjersey
bulis treated with ca:feine citrate and prostaglandin
¥, alpha.

To evaluate the fertility rate of frozen semen
samples of Holstein Priesian and Jersey bulls
supplemented with caffeine citrate and prostia-
glandin F2 alpha.






REVIEW OF LITERATURE

Numerous tests to evaluate the quality of semen in
relation to fertility have been conducted extensively.
No single test can be regarded as an accurate Predictor
of the fertility of individual ejaculate. However, when
several tests are carefully selected and combined, semen
samples may have presumably higher fertility potential.
Hence, the review of literature has been delt with the
following four important widely used semen parameters along-
with thelr response to caffeine and prostaglandins as

additives

1. Caffeine, prostaglandins and sperm motility.

2. (affeine, prostaglandins and sperm penetration
into the cervical mucus.

3. Caifeine, prostaglandins and sperm morpnology.

4. Caifeine, prostaglandins and sperm fertility.

Ceffeine, prostagiandin and sperm motility :

Garbers et al. (1971) observed that bovine epididymal
spermatozoal motility and respiration were stimulsted by
methylxanthines and dibutyryl - 3:5 - cyclic sdenosine
monophosphate. However, dibutyryl - 3:% - cyclie adenosine
mohophoaph&te was found to be more effective due to its
resistence to nydrolysis by phosphodiesterases and greater

lipid solubility/membrane permeability.

Carfeine was found to maintain bovine epididymal
speruetozoa in an ejacuiated - like state (doskins, 1973).
The motility of sperms was stimulated by the cyclic nucleo-~
tides and pnosphodiesterase inhibitors througn faster

degradation of adenoeine tripnosphate.
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Addition of caffeine to human ejaculated semen was
recorded to increase the peréentage of motility by
initiating the movement of non-motile spermatozoa and
" also accelerating the mean motility rate. More effective
results in the presence of glucose was also obtained

‘(Hﬁesungcharern and Chulavatnatol, 1973).

Schoenfeld et al. (1973) reported that caffeine greatly
increased the motiliity of ejaculated numan spermatozoa.
Both the motility percentage and tue grade of motility
increased and were maintained in the presence of 6 mM

caffeine for atleast 5 hours at 37°c.

Hoskins et al. (1974) snhowed that motility could be
induced upto 20 per cent in caput spermatozoa by caffeine
or theopnylline with & simultaneous increase in cyclic

adenosine monophosphate level.

supplementation of ram semen with prostagiandin Fy alpha
(unknown concentration) was found to have nc adverse eifect
on post thaw motility or survival of the spermatoszoa

(Carbo et al., 1975).

Norman and Gombe (1975) observed the stimulatory effect
of the lysosomal stabilizer, chloroquine on the respiration
and motility of fresh and aged bovine spermatozoa in vitro.
Similsr eifects of the phosphodiesterase inhibitors,
theophylline and caffeine suggested that enhancement of
sperm activity by chloroguine may be mediated by cyclic

adenosine monophosphate.
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pougherty et al. (1976) observed no stimulatory

effect of caffeine on human sperm motility.

Homonnai et al. (1976) reported that caffeine, the
phosphodiesterase inhibitor:, was the most potent drug

in enhancing the sperm motility.

The addition of even five times the normal concent-
ration of the prostaglandin F2 alpha in sheep semen , no
significant difference in sperm motility could be observed
by Marley et al. (1976).

Abbitt et al. (1977) studied the effect of tris
(hydroxymethyl) animo methane salt of prostaglandin F,
alpna on the posf thaw motility of bovine spermatozoa.

This salt of prostaglandin F2 alpha was added to the
glycerol fraction of the extender to provide 37.5, 112.5

and 337.5 /ug of active prostaglaandin ¥, alpha per 0.5 ml
straw. The straws were frozen to about -180°C fortwo minutes.
With the three Bélt concentrations progressive motility

was found to be 17.8, 13.6 and 5.8 per cent respectively
~égainst 19.3 for straws frozen without the prostaglandin F,
alpha salt. Thus addition of the salt of prostaglandin Fy

alpha was found to depress the post-thaw progressive motility.

Dimov and Georgiev (1977) reported that the addition
of prostaglandin Ey and ¥, alpha to diluted ram semen
equivalent to the total amounts of these proétaglandins in
one ejaculate showed no correlation between the concentration

of prostaglandins and spermatozoal motility.
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Tamblyn and FPirst (1977) found that Brij-35
(polyoxyethylene alcohol, a non-ionie surfactant) treated
bovine spermatosoa lost their motility but were rcactivated
with adenosine triphosphate and the resactivated motility

was stimulated by caffeine.

Addition of cyclic adenosine monophosphate to motile
desiembranated preparations of bull spermatozoa was observed
to produce measured increase in motility. The stimulation
was of the same relative magnitude as that obtained by the

addition of caffeine to intact spermatozoa (Lindemann, 1978&).

Ceffeine was not found to stimulate the motility of
spermatozoa in oligozoompermic semen samplee of humen beings

(Read and Schnieden, 1978).

After addition of 6 mM caifeine in oligospermic and
asthenospermic semen samples of human beings, Harrison (1978)

observed increased motility of the spermatozoa.

According to the experimental results of Guillory et &l.
_(19?9) addition of prostaglandin Fy alpha tended to increase
the progreesive motility of bull spermatozoa relative to
that in semen in which prostaglandin F, ealpha vas not added.
Sperm survival &1so increased in the presence of prosta-

glandin F2 alpha.

gaffeine was found to increase and maintain the motility

- index of bull spermatozoes incubated with glucose, fructose oI



-8B~

pyruvate for about five hours at 37°C and the maximum effect
achieved with 10 mM caffeine. In the Presence of T to 10 per
cent glycerol both prefreesing and post thaw motility indices
were not as good in caffeine treated spermatozoa as in untreated
ones. On the other hand, the addition of cerfeine to frozen
thawed spermatozoa in the presence of glycerol was found 1o
"ehhance the sperm motiiity iﬁdex and longevity as compared to

the controls without caffeine (Miyamoto and Kishikawa, 1579).

Makler et al. (1980) investigated the effects of caffeine,
cyclic adenosine 3:5 monophosphate, prostaglandin 2, triiodo-
thyronine and insulin on spermatozoal motility. No significent
diifferences were found between experimental and control apecimens
with the exception of caffeine. Caffeine lumediately increased
the percentage of motile spermatozoa by about 30 to 50 per cent
of initial values in approximately two third of the cases. Ko
influence on sperm velocity was detccted durin: this period.
Non-motile live spermatozoa were asctiveted by caffeine without

any eifect on the percentage of dead speru.

Carfeine was reporied to produce a dose-dependent increase
in humen sperm motility whereas imipramine produced & dose~

dependent decrease (Robert et al., 1980).

Memon (1981) supplemented pooled semen of 6 rams with
different doses of prostaglandin E, and F, alpha before freeging
and found no effeet on post thaw motility upto about 300 /ug/ml,

but higher levels caused a decrease in sperm motility.
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varnavsxkii (1981) found no effect of commsrcial prosta-
glandin F, alpha on the post thaw motility, resistance and
survival rate of ram spermatogoa, compared with sewmen processed

without the prostaglandin.

Aitken et al. (1983) observed a significant increase in
the percentage of motile spermatozoa when three doses of
cafieine (2, 5 and 10 mM) were added to frosen thawed human

. Benen.

Moussa (198%) studied the effect of six different doses

. of caffeine on uuman spermatozoal motility, swimming speed,
progressive sperms and progressive swimming speed by using
videomicrography. In doses of 3 and 6 mM per ml caffeine
significantly increased the percentage of motile sperms but

had no influence on sperm velocity. In doses more than 6 my

per ml, cairfeine exnhibited & slight non-significent stimuletion
while in a dose of 60 mM per ml exerted an inanibitory effect

ou ail parameters of sperm motility. Caffeine was found to
cause complete immobilization of human spermatozoa with a doce

of 120 mM per ml.

Stoysnov (1984) used prostaglandin F, alphe in the amounts
of 4, 10 and 20 Vol to 0.5 ml »f the 2.8 per cent sodium citrate
thewing solution for semen peliets. Sperm moti.ity after tnawing
wes 3.9, 3.1 and 6.0 per cent units higher for thawing medium

witn three concentrations of prostaglandin F, alpha then for



—30=

the control medium without prostaglandin and sperm survival
time at 46°C was 76, 88 and 89 minutes vs 69 minutes for the

control medium respectively.

Ramana (1986) found better motility with lower prosta-
glandin concentration in the buffalo bull semen preserved at

70

Gehlaut end Srivasteva (1987) diluted buffalo bull semen
samples in different diluents with and without 6 mM caffeine
citrate. The diluted semen samples were frozen in liguid
nitrogen (-19600), thawed at 50°C for 2 minutes after O and
20 days of storage and thereafter found that the post thaw
motility of spermatozoa was the same as on U and 20 days of
.storage. caffeine citrate increased the post thaw motility of
the spermatozoa in different diluents from 25 to 100 per cent.
Highly significent stimulation due to caifeine citrate was
observed in samples with low post thaw motility, irrespective
of the diluents used. The mean percentage motility observed in
post thawed control and cafieine treated semen were 5.0 + 0.00
end 10.00 + 0.00 respectively in tris diluent snowing 100 per

cent increase in case of caffeine citrate treatment.

Schoff and Lardy (1987) reported that tne putative
phosphodiesterase inhibitor caffeine (2.5 mld) restored

motility and increased the respiration in fluoride treated



spermatozoa and even in untreated control spermatosoa.
Caffeine did not change the internal pH of spermatozoa.
It increased the intracellular cyclic adenosine monophos-

phate titres by about 35 per cent.

Shannon and Curacn (1987) observed that caffeine
increased the motility score at © hours of incubation of
spermatozoa diluted in dialysed egg yolk buffers and at 24
nours of incubation of spermatozoa diluted in whnole egg yolk
or dialysed egg yolk witn K-iom buffers. It increased tne
duration of motility of spermatozoa diluted in a diaiysed
¢gg yolk buffer by 16 hours but depressed tne duration of
motiiity wien spermatozoa were diluted in wncle egg yolk or

rdialysed egg yolk bufiers with K-ions by 10 nours.

In frozen buffalo bull semen with supplementation of
caffeine in tris diiuent, Hukeri (1989) reported signi-

ficantiy higier post thaw motility.

Muralinath et al. (1989) studied the efifect of pre-
freeze addition of prostaglandins on post thaw motility of
ceryopreserved buffalo bull semen. The lower dose combination
of prosteglendins resulted in improved motility and the

response was bull specific wi.h individual bull differences.

EL-Gaafary (1989) reported depression of sperm motility

with increzse in Prostaglandin F2 alpha concentration in

rabbit semen.



Deader et al. (1989) observed stimulatory effect of
A'caffeine on tris diluted chilled buil apermatozda. They
found reduced fructose content at 20 mi level and increased

geminal pH at 10 mM compared with controls and concluded
' §h¢t 10 to 20 mM caffeine per 100 ml gives the highest

‘};Bﬁility and metabolic activity of spermatoszoa.

Bhosrekar et al. (1990) showed significantly higher
post thaw forward motiiity in diluent containing detergent

mixture when compared to carfeine puris or control.

LL-Gaafary et al. (1990) observed higner bulil sperm
“ﬁotility in tris-based diluent than in citrate-based.
Supplementation with caffeine at 10 mM and 20 mM per 100 ml
diluent was shown t0 increase the percentage oi motile

- spermatozoa irrespective of the diluents compared to controls.

Kusunoki et al. (1990) reported thet caifeine mainteined

the goat sperm motility above 50 per cent for only one hour.

Muralinath et al. (1990a) found significently iwmproved
post thew motility in frozen buffalo bull semen supplenented
with lower concentrations of prostaglandin E, end ¥, aipha

after zero hour of incubation at 37°C compared witin higher

concentrations of prostaglendins or no prostaglandins.
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Caffeine, prosteglendins end sperm penetration into the
cervical mucus :

Memon (1981) measured higration distance of frozen
sperms of ram in the pooled cervical mucus of ewes after
15, 30, 60, 120 and 180 minutes of semen-mucus contact and
found increased sperm migration distence with time, but with
no difference between prostaglandin F2 alpha supplemented

and control semen sawmples.

Altken et al. (1983) suggested that the addition of
caffeine to frosen thawed human spermatozoa increased the
number of spermatozoa penetrating the cervical mucus in unit

time, by increasing the frequency rather than the success of

colliisions between spermatozoa and the cervical mucus interface.

Memon and Gustafsson (1984) found that the penetration
distance of ram sperm in cervicel mucus after 15 and 180
minutes of exposure was not significantly affected by

prostaglandin treatment.

EL-Gaafery et al. (1990) studied the effect of O, 10,
20, 40 and 80 mM caffeine for 100 ml diluent on cervical
mucus penetration characteristics of Friesian bull semen
and found increased penetrative ability of spermatozoa into

the cervical mucus in the presence of caffeine.

Muralinath et al. (1990a) reported that the addition
of prostaglandins at lower concentration significantly

improved the penetrated sperm motility of frozen buffalo
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bu}l semen after 30 minutes of initial semen-mucus contact
at 10 milliimeter distance compared to higher concentration
and ‘untreated controls, this difference was not seen at 2,

4 or & hours after incubation.

Muralinath et al. (1990b) studied the cervical mucus
~penetration characteristics of frosen Murral buifelo buiil
semen supplemented with lower concentiratiocns or presteglandin
: ﬁ& and 32 elpha and observed no cognisable eifect either

_on sperm renetration distance or penetr:ted sperm count.
However, sperm progression speed was significantily improved

in the presence of prostaglandins.

caffeine, prostaglandins and sperm morphology :

According to Carbo et al. (1975) addition of pfosta—
glandin F, alphe in ram semen was not found to cause any

edverse eifect on morpnology of the spermatozoa.

The inclusion of five times the normal semen concentra-
tions of the five prostaglandins including prostaglandin F,
alpha, Marley et al. (1976) observed no significant
hdirrerencaa in spera acrosomal morphology aifter the

incubation or chilling of diluted ram semen.

Harrison (1978) showed that the in vitro caffeine
treatment of fresh semen for artificial insemination with
husband's semen of 34 men, of whom 14 had normal semen
analysis and the other 20 were oligozoospermic or
- asthenozoospermic, or both, did not positively influence
the conception rute of tneir wives as the caffeine damaged

the spermatozoa.
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Harrison et al. (19802) found that there was disruption
Of the norwal shape of the sperm head in the asthenosoospermic

Semen of men after caffeine incubation.

Harrison et al. (1980b) studied the surface morphology
- 0f human sperm after 2 hours of incubation with 6 ml caffeine -
and found more disruption of the sperm head and swelling of

the mid piece.

In vitro caffeine treatment of fresh proven donor
semen showed no morphological changes (Barkay et al.,1984).
It wes concluded by them that in vitro carfeine treatment
of fertile donor semen did not ceuse any damage to the
different organeiles of the spermatozoal heads and tails

even after prolionged incubation.

Meizel and Turner (i984) found adverse effect of prosta-
. glandins, especiaily prostaglandin EZ on the acrosomal

maintenance of hamster spermatozoa during crilled storage.

AL-JuBuri et al. (1989) observed a lower percentage
of abnormal sperms with the prefreese addition of prosta-
glandin Fy alpha (0 to 300 /ug/ml) in frozen washed sperma-

tozoa than frogen whole semen of Awassi ram.

Muralinath et 8l. (1989) reported that the prostaglaudins
had no effect on the percentage of live spermatozoa of buffalo
bulli semen after cooling, but significantly reduced tne

percentage of spermatozoa with intact acrosomes from
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67.46 + 0.9 in control diluent to 64.64 + 0.7 and 65.3 + 0.9
Per cent with the lower and higher concentrations respectively,
while the percentage of abnormal and acrosome - intact spermato-

zoa was not affected by prostaglandins on cryopreservation.

caffeine, Prostaglandins and sperm fertility :

Bygdeman et al. (1970) found that the percentage of
semen samples with a low concentretion of prostaglandin E
compounds (below 11 /ug/ml) constituted O per cent in fertile
men group, 17 per cent in noniﬁvestigated infertile marriage
group and 41 per cent in infertile marriage group with no
clinical or laboratory abnormal findings. $he groups were
found to differ statistically significantly. Tue high number
of cases in the last group with a low concentration of prosta-
glandin E strongly pointed out that these compounds were of

importance in the reproductive process.

Spilman et al. (1973) found that in rabbits ligation of
utero-tubal junction 2.5 to 3 hours after insemination improved
the fertiligation rates by adminstration of prostaglandin Fy
alpha eitner with the rabbit semen (100 /ug) or &8 & series
of four subcutaneous injections of 1 mg per kg body weight.
This improvement was hypothesised to be the result of a

beneficial effect of prostaglandin Fy alpha on sperm transport.
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The addition of prostaglandins to sheep semen priof :
deep freesing was observed to improve the fertility ret®

(zhiltsov et al., 1974 end Gustafsson et al., 1975).

Dimov and Georgiev (1976) studied tne effect of primary
diene prostaglendins on conception rate of ewes. They diluted
ram semen with glucose phosphate tuffer diluent with and with-
out 5 mg prosteglandin F, alphe, 50 mg prostaglandin E, OT 5 mg
prostaglandin F2 alphe + 50 mg prostaglandin B, Dper dose. For
the 3 groups of prostaglandin additives the conception rate of
52, 51 and 35 ewes inseminated was 67.3, 72.5 and 82.8 per cent
vs 62.5, 58.6 and 68.4 for 48, 41 and 91 ewes respectively
inseminated without prostaglandin additives. For.groups of 35,
47 and 43 ewes inseminsted with semen diluted with the above
diluent to which had been added 5 mg prostaglandin F2 alpha +
50 mg prostaglandin Eoo the conception rate was 82.8, T8.7 and
74.4 per cent vs 86.7, 91.3 and 72ﬂ7 for groups of 28, 23 and
22 ewes inseminated with semen diluted with the avove diluent
to whicn had been added 10 mg prostaglandin F, alpha + 100 mg
prostaglandin E2' For 2 rams, the conception rate of ewes
inseminated without a prostaeglandin additive to diluted semen
was 59.7 and 36.8 per cenf ve 60.0 and 91.7 for ewes inseminatec

with 50 mg prostaglandin E2 added diluted semen.

pimov and Georgiev (1977) observed that the addition of

prostaglandin F2 alpha to diluted ram semen in amounts comparabl
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to the total amounts of these prostaglandins in one ejaculate

increased the fertility oj rams by more than 15 per cent.

Harrison (1978) carried out 400 cervico-veginal artificial
insemination using husband's semen for a variety of clinical
indications (oligospermia, asthenospermia etc.). Before
insemination, to one half of the samples caffeine was added
to a final concentration of 6 ml. No pregnancies were achieved
by the artificial insemination with subnormal semen even in the

Presence of caffeine.

Fraser (1979) found accelerated mouse sperm penetration
and cepacitation when the fertiliszing ebility of sperm sus-
pensions was tested after preincubation, for a period of time
insufficient to permit full capacitetion under standard
conditions, in the presence or avsence of caffeine. When eggs
were fixed after one hour, the majority (76.7 per cent) in the
caffeine containing medium were fertilized compared with only
32.1 per cent in the carfeine free medium. In the absence of
caffeine, early stagee of nuclear development were predominant,
thle in the presence of caffaine, & significent proportion of

eggs reached terminal stages of activation.

Rogers and Garcia (1979) found that the caffeine increased
the fertilizing abiiity of guinea pig spermatozoe by enhancing

their penetration rate.

Barkay and Zuckerman (1980) studied the effect of 7.2 mM

caffeine on fertilizing capacity of frozen human sperms in vitro
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and found 10 to 15 per cent increese in their fertilizing
ability.

Varnavakii (198l) inseminated 96 ewes withfrrozen semen
to yhich prostaglandin E, or Fa alpha had been added before
freezing; the lambing rates were 41.4 and 47.3 per cent
respectively. when prostaglandins were added to thawed semen,
tie laabing rates for 13 and 7 ewes were 61.7 and 57.0 per

cent respectively against 60.0 inseainated with freen semen.

Altken et al. (1983) observed no improvement in the
fertiiizing ablility of the spermatozos when the caifeine
stimulated frozen thawed human spermatozoa washed free of
sluinal plasma. However, when 2 mM caffeine added to wasned
suspensions of capacitated spermatozoa, siznificant enhance-

ment in the fertiliszing ability of the spermatozoa was evident.

Barkay et al. (1984) studied the influence of in vitro
caffeine treatment on human sperm fertilizing capacity. Sixty
women (with infertile husbands) underwent artificial insemi-
nation by dounor with frozen thawed semen over a period of 12
montha, using randomised addition of 7.2 mM caffeine in
alternate months. Fourteen women became Pregnant during the
6 wonths they received caifeine treated semen, whereas only
7 pregnancies occurred duriung the 6 months for the women wiio
received sewen witnout caffeine. It seemed to improve fhe

- fertilizing capacity by 10 to 15 per cent.



Stoyanov (1Y84) found that the conception rate of 826
cows inseminated witn semen containing 4 /ug Engaprost
(prostaglandin F, alpna) in an insemination dose wes 60
per cent vs 59 for 244 cows inseminated with semen containing
20 /ug Enzaprost per dose and 40 to 50 per cent for control

inseminated with semen without prostagiandin.

Niwa et al. (1988) studied the effect of caffeine in
media for pretreatment of frozen thawed sperm on in vitro
penetration of cattle oocytes. In the firet experiment, thawed
semen was washed with modified Kreb's Ringer bicarbonete
solution or modified Tyrode's solution with or without 10 mM
caffeine, then preincubated at 39°c for 5 hours in the two
media witk or without 5 mM ca:feine, before incubation with
oocytes for 20 to 22 hours. In the second experiment, semen
was washed in Tyrode's solution without caifeine and then
incubated with 0, i, 3, 5 or 10 mM casfeine, before incubation
wiin oocytes. For semen in Tyrode's solution in the first
experiment, 80, 30 and 78 and 23 per ceat of oocytes were
penetrated by spermatozoa when semen was washed and pre-
incubated, washed and not preincubated, not washed and
pPreincuvated, and neit.er washed nor preincubated with caffeine
respectively. Corresponding figures for Kreb's Ringer solution
waie 35y 21, 45 and 17 per cent. In the second experiment
27, 48, 60, 94 and 85 per cent of oocytes were penetrated at
~concentration of O, 1, 3, 5 and 10 m¥ carffeine respectively.

Polyspermy occurred in O to 2% and O to & per cent of ova in
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T¥rode's end Kreb's Ringer sclution respectively, and was not
correlated with the presence of cafreine in the washing and/or

Preincubation media. :

Bird et al. (i1989) observed thet the bovine irozen thawed
spermatozoa panetréted the zona-free hamster oocytes following
treatment with calcium ionophore in tne avsence of bovine serum
albumin (B84) and in the presence of 10 mM caffeine. Sperm
velocity was also found to be stimulated with concentration of
caffeine less than 2.5 mM following dilution with medium

containing BSA.

EL-Gaafary (1989) studied survival rate and fertility of
rabbit sperm supplemented with prostaglacdin ¥y alpha (600 fug/
@i}, Tue percentage fertility after insewination was 81.3 and
50.0 for untreated control and prostaglandin treated semen

respectively.

Burov and Kolomoets (1990) found 19.6 per cent increased
~conception rete in cows with tne addition of 0.2 wl Enzaprost

( prostaglandin F, alpna) to diluted bull semen.

Radoslavov et al. (1990, inseminated 307 and 335 cows,
using cloprostenol in the semen diluent (5 mg per dose) and
300 and 317 cows inseminated without cloprostenol. The
conception rate was 41.7, 43.6, 3%.3 and 36.9 per cent
respectively to first insemination and 56.0, 57.3, 45.7 and

47.% per cent overall.
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Niwa et al. (1991) studied penetration of bovine oocytes
during maturation in vitro by frozen spermatozoa using caffeine
and heparin; in medium. They found 100 per cent penetration of
oocytes incubated for O to 4 hours, and had a decondensing
Qperm head, indicating no reguirement of maturation of oocytes
for in vitro sperm penetration into tne vitellus, or for

in vitro decondeunsation of the sperm nucleus.
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MATERIALS AND METHODS
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The present study was conducted on semen samples collected
from 6 bulls, 3 Holstein Friesians and 3 Jerseye within the
range of age between 4 and 7 years. All these bulls were
maintained on similar ration schedule and isomenagementel
conditiones at Froszen Semen Bank, Patna. All the bulls were

_or documented fertility.

Ccllection and evaluation of semen :

Semen samples were collected by artificiasl vagine method
end schedule oI two collections per week ywos folliowed ior each
bull. jumediately after collection, different attributes of the
semen were evaluated. volume and coiour of each semen sample
were recorded by visual examinations. Mass activity was
deteruined by taking a small drop of semen on prewarmed clear
and dry gliass slide under phase contrast microscope with 10
objective ana 10 pansse combinstion having biotuerm. sciivity
of the semen samnple was assessed on the basis of vigour of wave
motion and the mass movement of spermatozoa. [t was graded
grossly into 6 categories ranging from +5 to 0 abng wita the

following distinctive and differential features (Tomar, 1976).

I +5 very quick wave motion with formation of eddies.

11 +4 tne swiris and eddies were comparatively not
80 rapid as in +5 grade but they were observed
t0 move towards extremeties.
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11X +5 swirls were slow and scattered in the field.

IV +2 swirls were absent and individual movement
of sperms were evident in the field.

v +l no wave motion was observed.

V1 O the spermatozoz were not motile.

Ten semen samples from each bull showed mass activity
of srade +4 and above and ejaculate volume 3 ml and above

were only included for freezing.

Tue initiel wmotility was graded in rpercentage sperm-—
atozoe having progressive motility. This was done on
dilution with dilutor in the ratio of 1:10 in small test
tubes before tie sewen was final.y diluted. A thin drop of
diluted semen was xept on a warm slide and seen uader phase
contrust wicroscope with 20 phnase. An approximute idea of
dead or ilmwotile or oscillating or circular motile and
rrogressively wmotile spermatozoza were estimated in a particular
field unuer microscope and the percentage of motile Bpermaetozoa

was determined.

Ine concentratvion. of speruatozoa was detérmined by Corning
Puotoeliectric Colorimeter 252. 30 ml of tue 2.9 per cent sodium
citrate buifer was taken into a small sized measuring cylinder
and to it 0.2 ml neat semen was added and mixed thoroughly.
in colorimeter tube buifer and semen mixture was taken upto
the mark and the transmittance recorded witn violet filter

No. 4%0. Sperm concentration (xlO9 per ml) was noted from the
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caart already prepared for each degree of trausmittance.

freparation of tris dilutor g

Tris dilutor was prepared as follows according to
Raju and Rao (1983)
Tris (hydroxy methyie) aminomethane —-- -- 12.11 gms.
(Qualigens Fine Chemicels)

Citric acid (Nice) . -~ «=  6.80 gus.
Fructose (B.D.H. ' - - 5.00 gms.
Glycerol (Qualigens Fine Chemicsls) == -= 32.00 ml.
Double glass distilled water - == 358.00 ml.
Egg yolx == == 100.00 ml.

After tanorough mixing the prepared dilutor was filtered
with wWhatmen's filter peper No. 41 in a sterilized conical
flask. Benzyl peniciliin end etreptomycin sulpnate were
incorporated at the concentration of 1000 I.U. and 1.0 wg per

milliiliter dilutor respectively.

Dilution of aemen :

Diiution rate of the reyresentative semen sample was
deterwmined by the propared chart corresponding to the reading
of concentration and initial motility of tue spermatozoa, to
keep about 25 to 30:106 spermatozoa per dose. pilution of

semen was done at a single step at room temperature.



Addition of additives :

Caffeine citrate (Mol. wWt. 386.33, M/S Golden Fibre and
Iressing syndicete, (Goregaon, Bombay) and Dinoprbst (5 mg
pProstaglandin ¥, alpha per ml, Alived Froducts, Madras) were
‘dissolved in tris buffer. The diluted semen samples were
splitved in three equal aliquots. Two aliquots were suppls-
mented with caffeine citrate and dinoprost‘solutions, to make
final concentration of 7.2 mM (Barkay gﬁ &l., 1984) and 4 /ug
per mi diluted semen respectively, while third aliguot was
being left without any addition. The concentration of ‘rosta-
glandin F2 alpha was choosen on tine basis of pilot trial with
4 to 10 /ug per ml diluted semen, tne 4/ug per ml yielded
better result on the sperm motility, as such the same concen-

tration was used throughout the experiment.

racking and equilibration of diluted semen :

piluted semen of each aliquét was packed and sealed in
pilastic minitubes (0.25 ml) by autowmatic filling and sealing
mecaine (Minitub, Gm bH. Abfull-und Lebortechnik Tiefenbach,
'Went Germany ). The filled straws were arranged horizontally
on the freezing racks. Equilibration was done in refrigerator

(5°c) for 4 to 5 hours.

peep freesing and storage of semen

After equilibration the racxs containing straws were

placed on grilli 4" above the liquid nitfogen kept in
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thermocol box, so that they get static vapour. Then the
straws were dipped in liquid nitrogen after 15 minutes.
Afterwards straws were filled in the precooled plastic

goblets and transferred in the liqﬁid nitrogen vessel.

Tnawiug_of frozen semen ;

The straw was taken out from the liquid nitrogen vessel
with toe help of a loang forceps and individually thewed in
wlIn water at 35°c for 12 seconda. Then straw was scsked with

towel and rotated under palu to ensure thoroughn mixing of the

selen.

£08% thaw progressive sperm motility :

Lxamination of post thaw progressive sperm motility was
done within 2 hours of storage by haemocjtometer method.
wasned and dried haemocytometer cramber was focussed under
poase contrast microscope witn 2U phase having viotanerm. The

- thawed semen sample to be tested for progressive motile sperm-
atozoa was taken in a prewarmed small watch glass. The semen
was sucked in WBC pipette upto 0.5 mark and diluted witn tris
burfer (1:20). Thoroughly mixed the semen with beaded ball of
pipette under pala. Pew drops were discarded. Then prefocussed
chamber of hasmocytometer was charged carefully to prevent
overflowing of the diluted semen. ¥ive large squares, némely
left upper, right upper, right lower, left lower and widdle
ones were utilized for counting the dead and weakly motile
spermatozoa. Then chamber was kept in rvefrigerator at 0°c for

approximately one hour to kill all the live spermutozoa.
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Again all dead spermatozoa of five large squares were counted

#nd by the following forumula percentage ©0f progressively mnotile

Speruatozoa was calculated

Total dead spermatozoa arter freezing
~(dead + weakly motile spermatozoa)

X 100
Total dead spermatozoa after freezing
= percentage of progressively motile spsruatozoa.

Fenetration rate of sperm into the oestrous mucus :

The norual cyclic cows of mid-ocestrous period brought at
tne out-door clinics of CGyneecology Departament, Lihar Veterinary
College, ratna for srtificiel insemination were utilized for the
collection of mucus. rroper detection of oestrum wac done on the
besls of signs and symptoms. The Lind guarter and the externall
cenitalia were washed with distiiled water. A sterilized
wetallic veginal speculum was introduced into the veginal canal.
About 20 to 30 al of only cleer and transparent Oestrous mucus
6ﬁtflow was collected in a 100 mi capacity bveaxer. Immediately
efter coliection tne collected oestrous mucus was brought to the

laboratory for tne test.

Deteruination of sperm penetration rate wae carried out
according to Akhtar et al. (1980) with slight wodification.
FPlain capillary tubes of 75 mm length having diametexr of 1.0
mm to 1.2 mm were used for the purpose. Cne end of the
capillary tube wae fitted in the narrow corresponding
translucent plastic connectiwg tube. This counective tube

wae again fitted into another slightly longer connecting
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Plastic tube. The counnecting tute was fitted with the nozzle
of the SPROJTL DL Syringe (DANSK LABORATORIES UDSTYRA/SRYESCADE
22200 KOSEN HAVN, N TIE (O1l) 392600) of 5 ml capacity. There
was a metallic screw arrangement to pusis ahead the piston of
_tne syringe. The screw was tightened to push the piston upto
tie mark 2 to 3 ml of the syrimge. The open end of the plain
capillary tube was dipped into the mucus sample. The screw was
then loosened gradually. The mucus was pipetted in the plain
capiilary tube. Une end of the caplliiary tube was sealed with
the ordinary soit wax (plaesticin). The tube was then fitted in
a specially designed slide. Two small seaicups made up of plastic
were fitted avove the border of the slide. A thick band. of
soft wax was arranged about 3 cm above tue sewisplherical cups.
One open end of the capillary tube filled with mucus sample was
fitted in such & manner that the open end dipped in the cup of
the siide. A moist filter paper was kKept in a petri-dish. Tue
siide was then placed on the moist filter paper of tne
petri-dish. The petri-dish was kept in the incudater for 20
minutes at 37°C for the equilivration of the much sauple
inside the capillery tube in numidified atmosphere. fne frozen
semen seamples having atleast 43 per cent post thnaw wotile
spermatogoa were tﬁauéd at 35°c for 12 seconds. Tuoen one to

two small drops of thewed semen were kept in the cup. Again
petri-dish along with mucus filled capiliiary tube which was in
contact with the sc¢men was vertically incubated for 20 minutes.
then the capililary tubes were taken out, wiped clean and

exauined under microscope &t a megnification of 100X.



=F0 =

Spermatozoa were studied wolle swiduing in the interior mid
Plane of the tube, and also ip Plane just velow the upper
surface of the tube. The distance travelled by two wost pro-
gressively motile spermatozoa in the oeatrous mucue inside
tie capillary tube was measured in miliimeter by meens of

stege micrometer.

Morgnological characteristics of spermatosva :

Tae worpnologicel studies of spermatozoa were done by

eosin-nigrosin staining technique.

ireparation of staining solution <~ Tue compound stain

wae prepared as follows ;

Eosin Y - —-— 1l gm.
(water soluble, Hi-Hedia)
liigrosin ——  mw LB gR.
(water soluble, Hi-jedia)
Sodium citrate dihydrate - == 3 agn.
(Hi-Media)

Sterilized double glass
distilled water == == 100 ml.

The solution was warmed in water ocath for 30 zinutes and
filtered after cooling with whatman's filter raper No. 41.
Frepared stain was stored in refrigerator to Prevent bacterial
growin, but warmed to room temperature before it wag used for

staining the spermatozoa.

rreparation of smeer - One large drop of compound stain

was poured in a clean and dry watch glase end a suall drop of
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irozen thawed semen was put in the waten glass (Swanson and
Beardon, 1951). It was mixed tooroughly by gently blowing air
taroughn a pipette and was allowed %o stand for one and half
Binute. Thin smear was drawn on & clean grease free micro-
&lide and was dried in air. Semen smears were examnined under
0il immersion 19n§ at a magnification of 1000X. Mot less than
two hundred sperms were counted at random in different fields
and toe percentage of sperm abnormelities calculated in order
to find out the worphological variation among treated and un-

treated frogen sperms of both the breeds.

sSsessment of fertility rate :

The unsupplemented &8s well as supplemented frozen semen
geamples were used for insemination. Inseminations wers carried
out in cows of normal oestrous cycle brought to 'the Uynaecology
Lepartisent, Bihar Veterinary (ollege, ratna. zefore insemination,
the cows were clinically identified for eigns of osstrous such
as oedematous swelling of the valvae, congestion in the vaginal
mucosa, condition of cervix, tone, turgidity of tne_uterue,
mucus discharge and the presence or absence of foliicles and

- corpus luteum in eituer left or right ovary by means of visual
excminution of the external genitalia and rectal paipation of
the internal genital orgens. Thawing or the straw was done in
warm water (3500) for 12 seconds. Insemination was done

“accordingly. itecords, including date of insemination, nuamber
and breed of bull, dete of freezing the semen, date of
Pregnancy diagnosis snd other relievant inforzations were

maintalned in a register. Tue fertiiity rate wses calculauted
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on the basis of preguancy diagnosis by per rectum palpation

o1 tLe grevid cornua after 60 to 90 days of first insemination.

{ue details of the insemination done for the fertility

rate are presented in table - 1.

Table by 1 @

Showing number of cows inseminated with frozen semen of
different breed of bulls under different treatment groups.

-

Treatmenfa Number of cows insseminated
Controlj Caffeiney rrostaglandin

Breeds g citrate g F2 alpaa
Priesian
HP=-153% 51 54 o5
HP-648 46 49 5e
HP-662 54 49 49
Total : 151 152 154
Jersey
J-~17/87 58 53 52
J=254 51 5@ 3
J=24/87 53 51 52
Total : 162 154 155







RESULT

The observations of present study are suammerized into

tue following four subheadings

l. Post thaw progressive sperm motility of frozen semen
of Friesien and Jersey bullis treated with caffeine
citrate and prostaglandin F, alpha.

2. Penetration rate of frozen sperm of Friesian and
Jersey bulls treated with caffeine citrate and

prostaglandin Fy alpha into tuoe ovestrous mucus of
CowS .

3. Abnormal sperm percentazge in frozen semen of rFriesian
and Jersey bulls treated with caffeine clirate and
prostaglandin F2 alpha.

4. Fertility rate of frozen semen of Friesian and Jersey
bulls treated with caffeine citrute and prostaglandin
32 alpha.

Post thaw progressive sperm motiliity of frogen semen of
Friesiazn and Jersey buliis treated with caffeine citrate
and prostaglandin F, alpha :

The overall mean of post thaw progressive sperm motility
of untreated control, caffeine citrate &and prostagiandin P2
alpha treated frozen semen was observed to be 42,96 + 0.73,
52.12 + 0.53 and 53.84 + 0.96 per cent in Friesian breed and
41.04 + 1.07, 49.28 + 0.60 and 53.37 + 0.60 per cent in Jersey
breed respectively (Table -2 & Fig.-1). From this it was
evident that in boti breeds the mean percentage of post thaw
progrecsive sperm mutility was nighest in prostaglendin F,

alphe trected group followed by caffeine citrate treated group
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Histogram showing the mean post thaw progressive sperm
motility of frozen semen of Friesian and ‘Jersey bulls

under different treatment groups.
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and lowest in untreated frozen semen. The difference in
the mean Percentage of post trnaw progressive sperm motility
between dififerent treatments of frozen semen was found to be

statistically significant (P/0.01, Table -3).

Analysis of variance revealed significant (P/0.05)
difference in the mean percentage of post thaw progressive
sperm motility betiween the bulls of Jersey breed while bet-

ween tne buils of Friesian oreed it turned out to be non-

slgnificaent (Table -3).

The mean post tiaw progressive sperm motility of frosen
sexen was found to be higher in Friesian breed in comparision
to Jersey breed. The dirfference in bost thaw motiiity between
different.breedh was recorded to be statisticeliy significant

(1100 01| T&ble ""4) s

Yenetration rate of frozen sperm of rFriesian and Jersey
bulls treated with caffeine citrate and prostaglandin 7,
alpha into the oestrous mucus of cows ;

The overﬁll mean penetration rates of untreated control,
caeffeine citrate and prostaglandin ¥, alphe treated frozen
sperms into the oestrous mucus of cows were ovuserved to be
59.88 + 1.08 mm, 60.60 + 0.01 mm and 60.92 + 1.06 mm in
Priesian breed and 60.50 + 1.16 mm, 61.55 + 1.15 mm and
62.04 + 1.16 mm in Jersey ovreed pér 20 minutes of iucubation

respectively (Table -5 & Fig. -2).



Histogram showing the mean penetration rate of frozen
sperm of Friesian and Jersey bulls under different

treatment groups into the oestrous mucus.
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Analysls of variance revealed no significant difrerence
Detween different treated groups of frozen sperm in their
Penetration rate into the oestrous mucus after 20 minutes

of lacubation (Table -6).

NOo significant difference between bullis of the Jjersey
breed was recorded on statistical analysis as re,ards the
Penetration rate of frozen sperm into the oestrous mucus of
cows per 20 minutes of incubation, wiile between bulls of
Friesian breed it turned out to be significant (2/0.015

Table -7).

Statistically it was found that the migration rate of
the Irozen spermatozca into tiue oestrous mucus after 20 minutes
of incubation did not diifer slgnificantly Between both the

oreeds (Table -8).

abnorzal sperm percentage in frozen semen of Friesian and
Jersey bulls treated with caffeine citrate and prostaglandin

gz algna s

The overall mean abnormal sperm in untreated cqntrol,
caffeine citrate and prostaglandin ?2 alpha treated froszea
semen was oObserved to be 17.33 + 0.31, 17.13 + 0.39 and
18.11 + 0.28 per cent in rriesian breed and 16.36 + 0.45,
16.71 + 0.29 and 1l6.31 + 0.37 per cent ;n Jersey breed
respectively (Table -9 & Fig. -3).

On statistical analysis no significant difference was
observed in the percentage of aonormal sperm between untreated

and treated frozen semen. The bull to bull difference was also



Abnormal sperm percentage in frozen semen

Fig. -3.

Histogram showing the mean abnormal sperm percentage in

frozen semen of Friesian and Jersey bulls under different

treatment groups.
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found to be statistically non-significent in both the breeds
(Table -10).

Ihe mean abnormsl sperm concentration in the rroaen‘
semea revealed higher percentage in Friesian as compared
to Jersey, thereby indicating a breed to breed variation.
The difference in percentage of abnoramal gpern bétyeen breeds

was recorded to be silatistically significent (£/0.01,Table -11).

Fertllity rate of frosen semen of ¥riesian and Jercey bulls
treated with caffeine citrate and prosiegliandin Fz,alpha :

The oOverall amean fertility rotes of untreated control,
caffeine citiate ahd prostaglandin ¥, ailpna treated frozen
sexen for 151,.152 and 154 cows insemineted were observed
to be 34.69 + 5.50, 47.94 &+ %.25 and 46.40 + 4.34 per cent
in Friesian breed and for 162, 154 and 15% cows inseminated
were 35.99 & .97, 46.81 4 3.26 and 47.89 + 4.69 per cent in
Jersey breed respectively (Table =12 & rig. -4). The caffeine
citrate ireated frosen sewen showed improvement in fertility
rate at & tune of about %8 and 31 per cent in Priesisn and
Jersey breed respectively wnereas the respective values for
prostaglandin ¥y alpha treated frozen semen were 35 and 34
pai cent. Tneé dirfference in the mean fertility percentage
between unireated control and treated frozen semen was found

to be significant (£/0.01, Jable -13) in both tue breeds.

Analysis of varlance was carried cut to find out the
effcot 0of bulls as well as breeds on the percentage of

fertility rate. It was found that bulls and breeds have no
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Histogran showing the mean fertility percentage

of frogen semen of Friesisn ond Jersey ulls under

different treatnent groups,
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significant effect on thne fertiiity rate of frozen semen

Table -2,
Showing the mean post thaw Proiressive sperm motility

Percentage in frozen semen of different breed of bulls
under different treatment groups.

Lost thaw progressive sperm motility %
reatments y Contro § Caffeline rrostaglandin
(Mean+S.E. ) B

Overall Jersey

Citrate F, alpha
Breeds . g (Meanss.E.) (Hean+s.E. )
Friesian
HP-662 41.°78+1.39 55.56+1.08 54.8240.90
Overall Friesian  42.9640.73 . 52.1240.53  53.84+0.96
Jersey
tud =17 /87 39.55+2.36 47.44+1.34 51.0240.79
i J=254 41.4042.08 50.25+0.87 54.10+0,97
- J~-24/87 42.1740.89 50.1440.60 54.98+0.98

Table -3.

Lualysis of variance table showing effect of bulls and
treatments on post thaw progressive sperm motility per-
centage in Y¥rogen semen of different breed.

Fost thew progressive sperm motility %

Sources of variation

Friesian Jersey
d.f. M.S. d.f. M.S.
Eetwsen bulls 2 16,5248 2 82.44%
Between trestments 2 1025.61%% 2 1181.90%*
Error 85 7k G &85 17.27
Total : 89 89

® P/0.05; == P/0.01; NS = Non-significant.
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Table -4

Analysis of variance table showing erfect of breeds on post
thaw progressive sperm motility percentage in frozen semen.

Source of veariation

Post thaw g;ogresaive sperm motility 9%
_dl L]

HelS e
Between breeds e 2353.19%F
within breeds 178 27.02
Total ; 479
=% r/0.01.
Table -5,

Snowling the mean penetration rate of frozen sperm of different
breed of bulls under different treatment groups into the
oestrous mucus.

enetration rate into the oestrous mucus,
Treatment:

8
Control caffeine ¥ Prostaglandin
(Mean+5.E. ) citrate i P, alpha

Breeas (Meangs.E.) { (Mean+S.E.)
Friesian

HF-153 €1.29+41.30 61.86+1.24  62.29+1.15
Uveralil Friesian 595.88+1.08 60.604+0.01 60.92+1.06
J§r531

J-24/87 61.0041.46 62.83+1.66 63.0041.67

J=254 55.63+41.49 56.38+1.49 57.00+1.24
Overall Jersey 60.50+41.16 61.55+1.15 62.04+1.16
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Table =6

Analysis of variance table showing effect of treatments on

tiie penetration rate of frosen sperm of different breed of
bulls into the oestrous mucus.

Penetration rate of frosen sperm into the

Source of variation _Vestrons mucus
Exiesisn, JOL8ey.
g‘_.f. i-i-S. d.-.f- !"ingn
N8 No
Between treatments 2 7.09 2 13.68
Within treatments 72 27.65 63 188.09
Total : T4 65

NS = Non-significant.

Table =7

Analysis of variance table showing effect of bulls on the
penetration rate of frozen sperm of different breed.into the
QRSITOUS MUCUS..

Tenevration rate 0f irosen spers into the
oestrous mucus

Sources of variation

Friesian Jersey
d.f. M.S. d.f. M.S.
Between bulle | 2 581.40%%F 2 537,685
witnin bulls 12 11.69 63 171.46
Total : T4 €5

NS = Non-significant, xx P/0.01.

Table =d

Analysis of variance table showing eifect oI breeds on the
pensetration rate of frozen sperm into the oestrous mucus.

Penetration rate of froszen sperm into the

source of variation oestrous mucus

2. Me S s
Between breeds 1 28.24“5
within breeds 139 21.87

Total ; 140

NS = Non-significant.
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Showing the mean abnormal sperm percentage in frozen semen
of different breed of bulls under different treatment groups.

Prostaglandin
F2 alpha

( Me'an_tS oo )

Caffeine
citrate
! (Mean+S.E. ) {

: ¥ Control
Treatmonta.(MeanIs.E.)

Breeds

¥Friesian

HP-153 17.3740.19  16.06+0.25  18.18+0.34
HF-662 18.2940.46  17.25+0.43  17.37+0.14
Overall priesian 17.33+0.31 17.1340.39 18.11+0.28
Jersgx
- J=17/87 16.68+40.38 15.85+0.23 15.8440.32
Overall Jersey  16.36+0.45  16.7140.29  16.3140.37
Table ~10

itnelysis of variance table showing effect of bulls and
ireatments on the abnormal sperm percentage in fiozen seumen
of difrerent breed. '

Abnormal sperm percentage in frozen semen

sources of variation Friesian Jeraey
d. 1. M.S. O MeSas
Setween bulls 2 0.1943 2 0.4148
Between ireatments 2 0.32h° P 2 0B
Error 85 0.47 85 1.14
Total ;3 89 89

NS = Non-significant.
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Table -11

Analysis of veriance table showing effect of breeds on the
abnormal spern percentage in frozen semen.

sources of variation Aibnormal sperm percentage in frozen semen

2 M.Sl
Between breeds 1 83.67*‘
Within breeds 178 0.55
Total ; 179
=% £/0.01.

Tabie =12

‘Showing tne mean fertility percentage of frozen semen of
di{fgrent breed of bulls under different treatwent groups.

g Fertility percentage of froszen scmen
Treatments Control ceifeine Prostagicndin
Breeds (Mean+8.E. ) g citrate g F, alpha
(Mean+S.E. ) (Meen+S.E. )
Friesian
HF-153 35.0843.41  52.4443.05  47.54+4.41
HF-648 35.554+3.41 47.78+3.36 48.7645.02
HF-662 33.46+3.69 43.61+3.34 42.89+3.58
Overall Friesian 34.69+3.50 47:94+5.25 46.40+4.%4
Jhrse!' ;
L J=1T7/87 36.76+5.51 46.53+2.46 47.35+5.07
w254 35.10+%.08 45.45+4 .22 47:59+3.98
- J-24/87 36.1143.33  48.4443.10  48.7615.02
Overail Jersey 35.99435.97 46.81+3.26 47.89+4.69
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Table =13

f variance table showing effect of treatments and
ertility percentage of frozen semen in different

i Fertility percentage of frozen semel
}es of variation — ;rIesfan —Jersey.

— - d.-f. MISI d-f. MISI
J#@tween treatments 2. 1492.87"% 2 1297.40%*
@tween bulls 2 284,375 2 22.38°F
Exrorx 85 107.85 85 160.54

Total : 89 89

xx P/0.01, N3 = Non-significant.

Table =14

Anelysis of variance table showing effect of treatments,oulls
and breeds on fertility percentage of frogzen semen (pooled).

sources of variation ____Pertility percentage of frozen semen _

gt M.Sa°

Between treatments 2 2761.26%*

Between bulls ‘ 5 84.44N5

Between breeds 1 8.89N°

Error : i g 8 133.69
Total : 179

#x P/0.01, NS = Non-significant.
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Table -13%
inalysis of variance table showing effect of treatments and

bulls on fertility percentage of frozen semen in different
breeds.

Fertilit ercentage of frozen semen
Sources of variation FrIeagan Jersey

dlf. M.’SI dlf. MISJ
Between treatments 2 1492807 2 1297 .40*%
Between bulls 2 284.37NS 2 22.33NS
Error 85 107.85 85 160.54
Total : 89 89

xx P/0.0l1, NS = Non-significant.

Pable =14

Analysis of variance table showing effect of treatments,culls
and breeds on fertility percentage of frogen semen (pooled).

Sources of variation ____Pertility percentace of frozen semen

d.L, MeSa.

Between treatments 2 2761.26**

Between bulls : 5 84.4455

Between breeds 1 8,898~

Error ; 171 1%%.69
Total : 179

%% P/0.01, NS = Kon-significant.
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DISCUSSION

The frozen semen generally ylelds low post thaw sperm
motiiity. Although the quantitative relation of sperm
mOtility to fertilization has not been conclusively assessed,
pPoor motility appears to be correlated with lowered fertility.
Eowever. various workers have used cafieine (mijamdto and
Nishikawa, 1979; Daader et al., 1989; LL-Gaafary et al.,

1990) and prostaglandins (Guillory et al., 1979; Reamana,

1986) as additives in liquid bovine semen in order to

improve the quality as well as motility of the spermatozoa.
The present study has been conducted on 10 frozen semen
sanples each from 6 exotic bulls supplemented with caffeine
citrate (7.2 mM) and prostaglandin Py alpha (4 /ug/ml) to
assess their influences on certain characteristics and
fertility of the spermatozoa. The results of this investi-

galion are discucsed under the specific headings :
Fost thaw progressive sperm motility of frozen semen of
Priesian and Jersey bulls treated with ceffeine citrate
and prostaglendin F, alpha :

The mean post thaw progressive spernm motility inm
caffeine citrate and prostaglandin F2 alpha treated frozen
semen was 52.12 + 0.53 and 53.84 + 0.96 per cent in Friesien
whereas the respective values in Jersey were found to be

49.28 + 0.60 and 53.357 + 0.60 per cent against 42.96 + 0.73
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on subjective estimation from a simple slide preparation.

In the present study the post thaw motility of sperma-
toz0a was stimulated significantly with 7.2 mM dose level
0f ceffeine in froszen semen having 41 to 43 per cent post
thaw motility in control, whereas Gehlaut and Srivastava
(1987) found similar result with 6 mp caffeine in frozen semen
having only 39 per cent post thaw motility in confrol.
Bhosrekar et al.(1990) did not ffynd stimulatory effect of
7 m¥ caffeine on post thaw motility of spermatozoas in frozen
gsemen having about 60 per cent motility in control. Thus,the
variable response indicates that the level of caffeine in
Semen as well as the sperm plasma membrane.permeability to
substrate may determine the degree of stimulation of vost

thaw sperm motility.

Tne dose level of 4 /ug/ml Prosteglandin F, alpha in
the present investigation revealed silgnificant increase in
post thaw motility of bovine spermatozoa. Muralinath et al.
(1989) observed similar result with 1.5 ng/ml dose level of
Prostaglandin F, alpha while with 3 ng/ml found non-significant
incresse in post thaw motility of spermatozoa in buffalo bull
frozen semen. Memon (198l) and Varnavskii (1981) reported no
stimuiatory effect of prostaglandin Fo alpha upto the dose
level of 300 /ug/ml in frozen ram semen. From this it may be
construed that there is species variation whereby bovine sperms
are more resistant to prostaglendin F2 alpha than buffalo bull

sperms. On the contrary bovine spermatozoa are more sensitive



than thet of ram sperms with prostaglandin F, alpha.

The mechanism by which caffeine stimulates sperm
motility is thought to involve the inhibition of phospho-
diesterase activity and the suvbseguent accumulation of cyclic
adenosine -3';5' - monophosphate (cAMP) within the sperm cells
(Garbers et al., 1971). The precise way in which eievated
intracelilular cAMP levels induce an increase in motility is
not clearly understood. Although Feterson et al.( 1979)
considered it to be due to the controli of calcium ion fluxes
across the sperm plasme membrane. The elevated levels of
intracellular calcium certainly appeared to have a detrimental
effect on sperm motility, and cAMP - associated calcium pumps
in the placma membrane appeared to be critically important in
regulating the content of this ion within the sperm cell.
Since considerable damage is inflicted on the sperm plasma
memorane during cryostorage, it is possible that the loss of
motility observed after freezing and thawing speruatozoa is
related to the inability of the damaged plasmalemma to control
the levels of calcium within the sperm cellis. Caffeine may
compensate for the resultant loss of motility by stimulating
the activity of an outwardly - directed plasma membrane
calcium pump thorough the mediation of cAMP (Aitken et al.,
1983). However a large proportion of the calcium in semen is
either complexed with substances such as citric acid or
protein. In this respect, tnere is a specific protein
component in bovine seminal plasma that interacts with the

sperm surface and decreases the permeability of the Plasma



membrane to calcium (Babcock et al., 1979). On the other “‘l
hend Haesungcharern and Chulavatnatol (1973) edvocated

that cAMP may increase energy production by accelerating

the glycolysis and tricarboxylic acid cycle and their
utilization by the motile apparatus of the spermatozoa.

More extensive studies may pin point the mechanism by which

caffeine accelerates motility of sperms.

The physlologic functione of the prostaglandins in
semen are s£till not well understood because of their wide-
spreaed distribution in various orgsns eand tissues. (n their
mechanism of action and phermacologic effects, many hypotheses
have been advenced. It is believed that prostaglandins exert
their effect on sperms by interacting with the adenyl cyclase -
cyclic adenosine -3':5' ~ monophosphate systems (Byademan

et al., 1970).

Fenetration rate of frozen sperm of Friesian and Jersey |
bulls incorporated with caffeine citrate and prostaglandin i
22 alpha into the oestrous mucus of cows : |

The average penetration rate of caffeine citrate and
prostaglandin Fa alpha incorporated frozen sperm into the
oestrous mucus was 60.60 &+ 0.0l mm and 60.92 4+ 1.06 mm per
20 minutes of incubation in Friesian where as it was 61.551
1.15 mm and 62.04 + 1.16 mm per 20 minutes in Jersey against
59.83 4+ 1.08 mm and 60.50 + 1.16 mm per 20 minutes for un-
treated control frozen sperm respectively. There was no

significant chunge in the rate of penetration of spermatozog
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due to caffeine lreatment. Inspite of the scarcity of
literature, the present results are in conformity with

the finding of Aitken et al. (1983) on human spermatozoa.
They reported increased number of spermatozoa penetrating
the cervical mucus in unit time, by increasing the frequency
rather than the success of collisions between spermatozoa
and the cervical mucus interface after the addition of
caffeine 10 frozen tnawed Lumen semen. No cognizable effect
of prostaglandin Fz alpna on penetration rate of frozen bull
8perm hes been also observed in bresent atudy which is in
close agreement with the result of Muralinath et el1.(1930b).
The result of the present investigation resembled with that
of Memon (1981) in raum semen. They observed increased sperm
migration distance in pooled cervical mucus of ewes with time
but no difference between prostaglandin F2 alpha treated and
control frozen seaen of ram. Similar result was obtained by

flemon and Custafsson (1984) with liquid ram semen too.

The lack of treatment effect observed in this study is
in close confarmity with the findings of Kumar (1980) who
reporied Friesian and Jersey bull frosgen spern penetration
rate of 62.82 and 61.33 mm per 20 minutes in cervical mucus

collected during middle to end of oestrous.

The mean penetration rate of frozen sperm in the mucus
filled capillary tubes after 20 minutes of initial semen -
mucus contact did not differ significantly between different

ireatvment groups which might be due to absence of their
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influence on the sperm velocity (Makler &t al., 1980'

Altken et al., 1983). The significant variation in the
Peneiration rate of frozen Bperm was observed among the
Friesian bulls which is in close agreement withn the findings
of Muralinath et gl. (1990b). This might be due to individual

variation in their sperm Penetration rate irrespectiive of the

treatments.

The sperm penetrated distance in the present study is
higher than that abserved by Roark and Herman (1950),
Moeller and VenDemark (1955) and pkhtar et al. (1980).

This might be due to their study on liquid semen. Thus,

it is conceivable that the metabolic activity of the frozen
semen samples are stopped thereby comserving the energy to
be utilized after thawing. As such they were more vigerous
in penetrating the mhcus samples. The chilled sperm might
have lost their energy and vigour as the metabolic activity
is not stopped during their course of breservation. However,
the sperm penetrated distance observed by Muralinath et al.
(1990b) in cervical mucus by frozen buffalo bull sperm was
much lower in comparison to the presént findings. This might
be due to the species variation, thelr study on cervical
mucus collected at different stages of oestrous, storage of
mucus at 4°C and difference in the levels of electrolytes in
oeﬁtroua mucus. There exists correlation between the Penetration
rate of spermatozoa and levels of sodium and potessium in the
oestrus mucus. The high level of sodium and low level of

potassium increased the penetration rate of spermatozoa



whereas the low level of sodium and high level of potassium

O0f oestrous mucus decreased tne penetration rate (kumar,lQBO)-

Abnorwal Spern perceatage in the frozen semen of Friesian

and Jereex bulls sggglemented with caffeine citrate and
Prostaglandin F2 alpha

The mean abnormal sperums in caffeine citrate and
Prostaglandin F2 alphe supplemented frozen semen was
17.13 + 0.39 and 18.1l1 + 0.28 per cent in Friesian whereas
the respective values in Jersey were found to be 16.71 +
0.29 and 16.31 + 0.37 per cent against 17.33 + 0.31 and
16.36 + 0.45 per cent in unsupplemented frogzen semen.

Thus both the additives have no adverse effect on the
morphology of thé spermatozoa in both breeds. The reports
ou bovine species regarding the effects of caffeine &nd
Prostaglandin F2 alpha on the morphology of frozen sperm-
~atozoa are apperently lacking. However, the results of
Present study &re in close conformity with the observations
of Cerbo et 8l. (1975) and Marley et al. (1976) in liquid
semen of sheep; Barkay et al. (1984) in fresh human semen
and Muralinath et al. {(1989) in frozen semen of buffslo
bulls.

Mewmon (1981) observed that higher dose of prostaglandins
adversely affected sperm survivael and acrosomal morphology of
Tam frozen semen, while lower doses had no harmful eifects.
In present experiment only lower dose of prostaglandin F2
elpha was used with no merked detrimental effects on

morphology of the bull spermatozoa. Barkay et al. (1984)

:Eglﬁhfg;)% lﬂ
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carried out a Quantitative electron wicroscopic scanning

Oon the fresn semen samples from fertile donors and suguzested
that 7.2 mM casffeine did not cause any damage to the different
Organelles of sperm heads and tails even after prolonged
incubation wanile morphologic analysis of the caffeine treated
frozen thawed semen was inconclusive because of the freezing

technique and the mesking effect of the protective medium,

Contrary to the present finding, Harrison (1978) claimed
that caffeine causes damage to tune human Sperms. Harrison
et al. (1980) Ibuud disruption of normal shape of tuhe sperm
heads in the asthenozoospermic men after caffeine (6 mM)
incubation. This might be due to teratozoospernic semen
samples and the modified Ringer's solution used as the
dilution medium (Barkay &t al., 1984). pL~-JuBuri et al.
(1985) observed a lower percentage of abnormal sperms with
the prefreeze addition of Prostaglandin F, alpha in frogen
washed semen than frozen whole semen of Awassi ram. This

might be due to the compositional factors of seminal plasma.

The percentage of abnorwal sperms in the unsupplemented
frogzen semen as observed in the present study is in accordance
witnh the findings of Seiciu &t ail.(1975), Bujarbaruah et al.
(1982) and Chalapathy and Rao (1982), but higher than that
observed by Rao and Kotayya (1974), Sexena and Tripathi (1979),
Raju and Rao (1982) and Singh and Pengawkar (1990) and less
than that recorded.by Rao and Rao (1975) in bull semen. These
differences among the above workers might be due to variation

in climatic conditione, managemental practices, feeding
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schedules, frequency of semen collection and the method

of semen preservation.

Fertility rate of frozen seuen of Priesian and Jersey
bulls supplemented with caffeine citrate and prosta~

glandin F2 algha :

The average fertility rate of caffeine citrate and
Prostvaglandin F2 alpha supplemented frogzen semén was
47.94 + 3.25 and 46.40 + 4.34 per cent in Friesian whereas
the corresponding figures in Jersey were recorded to be
46.81 + 3.26 and 47.89 + 4.69 per cent against 34.69 +
3.50 and 35.99 + 3.97 per cent for untreated control frozen
Beumen respectively. The variation in fertility rate between
untreated and treated frozen semen elther with caffeine
citrate or prostaglandin Fz alpha was found to be statis-
tically significant (P/0.01) in both Friesien and Jersey
breed. Under similar experimentation no report is available
in bovine specles. However the results of the present study
corrbborate witi the observations of Spilman et al. (1973)
in rabbit semen; Zhiltsov et al. (1974) and Gustafsson et al.
(1975) in frozen semen of sheep; Dimov and Georgiev (1976 &
1977) in liquid ram semen; ﬁarkay et al. (1984) in frozen
thawed numan semen; Stoyanov (1984) in frozen thawed bull
semen and Burov.and Kolomoetes (1990) and radoslavov et al,
(1990) in liqguid bull semen. }inor variations in fertility
rate observed by them may be attributed to difference in breed,
levels of additives in semen during insemination, timing of

insenination, timing of ovulation, semen processing technologies,
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thawing temperature and time, climatic conditions, unidentified
Pathology of the female genital tract and harmonal balance of

the female animals.

Fraser (1979) and Niwa et al. (1988) observed more than
100 per cent improvement in the fertilizing ability of the
sperms in the presence of caffeine in vitro, which is
comparatively much higher than the findings of present study
in vivo. This might be due to many factors like absorption
of the caffeine by female genital tract, blind interval bet-
ween the insemination and ovulation and lack of adequate

contact of caffeine with sperms during their capascitation.

Interestingly the improved fertility due to the addition
of caffeine or Prostaglandin F2 alpha observed in present study
does not correspond with the findings of Herrison (1978) on
human ejaculated semen, Varnavskii (1981) on frozen semen of
sheep and EL-Geafary (1989) on rebbit semen. This may be
ascribed to the use of oligospermic or asthenospermic seumen
samples and detrimental effect of higher coﬁcentration of

Prostaglaendin Fz alpha on the sperm.

In order for a cell to produce cAMFP from ATP, the enzyme
adenyl cyclase is required and adenyl cyclase have been
demenstrated in the spermatozoa for a number of mammale,
inecluding man (Hicks et al., 1972). The activity of adenyl
cyclase in capacitated hamster spermatozoa was found to be
greater than in uncapacitated spermatozoa, based on Production

of cAMP per unit time (Morton and Albagli, 1973), Buggesting
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that during capacitation there may be an increase in the
concentration of intracellular ciMP. The participation of

CAMP in the capacitation of spermatozoa haa'also been
Suggested by Reyes et al. (1978), thus raising the
pessibilities that caffeine and prostaglandin Fz alpha,
infact, might have an effect on capacitation. The cAMP

appears to bind to the surface membranes of 1ntéct spermatozoa
and induces metabolic and surface changes similar to those
necessary to the process of spermatozoal capacitation

(Pelgado et al.,1976). Caffeine has not been shown to

induce capacitation but to accelefate the rate of capacitation
wiaen spermatogzoa were exposed in an environment permitting
capacitation. Hence the penetrative ability of spermatozoa
into the egg is increased as suggested by Fraser (1979),
indicating that cAMP may be a key factor in sperm capacitation.
Ae prostaglandin FZ alpha has also contractile effect on

the smooth muscles of the uterus and fallopian tubes, their
increased contraction might facilitate transport of epermatozos
in the large scale to the site of fertilizatlon (Mandle,1972;

Chang et ai., 1973; Edqvist et al., 1975; Gustafsson et al.,
1977).
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SUMMARY AND CONCIUSION

The present study was conducted on three Holstein
Friesian and three Jersey bulls of documented fertility
aged 4 to 7 years belonging to the Frogen Semen Bank, Patna.
The bulls were maintained on isomanagemental conditions and
semen samples were collected twice weekly by artificial
vagina method. Immediately after collection of semen,different
attributes like volume, colour, ﬁass activity, initial
motility and concentration of spermatozoa were determined.
Ten semen saméles from each bull having ejaculate volume of
3 ml with mass activity of grede +4 and above were only
included in the present investigation. The semen samples
after dilution were subjected to tests to eveluate the effects
of caffeine citrate and prostaglandin F2 alpha supplementation.
The fertility rate of frozen semen was determined by the

pregnancy diagnosis after 60 to 90 days of first inseminationm.

In the caffeine citrate treated frozen semen of Friesian
and Jersey bulls the mean post thaw progressive sperm motility
was found to be 52.12 + 0.53 and 49.28 + 0.60 per cent
respectively against 42.96 + 0.73 and 41.04 + 1.07 per cent
in untreated frozen semen. The difference in post thaw motility
between untreated and treated frozen semen was significant
($/0.01). The penetration rate of treated frozen semen of
Friesian and Jersey bulls into the oestrous mucus was observed
to be 60.60 + 0.01 mm and 61.55 + 1.15 mm per 20 minutes
respectively against the control values of 59.88 + 1.08.mm
and 60,50 + 1.16 mm per 20 minutes, which wes statistically

in-significant. The mean abnormal sperms in treated frozen
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semen of Friesien end Jersey bulls were recorded to be

17.13 & 0.39 and 16.71 + 0.29 per cent respectively against
17.33 &+ 0.31 and 16.36 + 0.45 per cent in control. Statistically
the difference in abnormal sperm percentage was insignificant.
The mean fertility rate of treated frozen semen of Friesian

and Jersey bulls was recorded to be 47.94 + 3.25 and 46.81 +
2.26 per cent respectively against 34.69 + 3.50 and 35.99 +
3.97 per cent for untreated frozen semen. The fertility rate

in the treated frogen semen improved Bignificantly'(QL0.0I)

in both the breeds.

In the prostaglandin F2 alpha treated frozen semen of
Friesian and Jersey bulls the mean post thaw progressive
dperm motility was found to be 53.84 + 0.96 and 53.%37 +
0.60 per cent respectively against 42.96 + 0.73 and
41.04 + 1.07 per cent in control. Statistically there was
significant (P/0.01l) increase in post thaw motility of
treated frozen sperm in both the breeds. The penetration rate
of treated frozen sperm of Friesian and Jersey bullsinto the
oestrous mucus was observed to be 60.92 + 1.06 mm and
62.04 + 1.16 mm per 20 minutes respectively against 59.88 +
1.08 and 60.50 + 1.16 mm per 20 minutes in control. The
abnormal sperms in treated frozen semen of both the breeds
was recorded to be 18.11 + 0.28 and 16.%1 + 0.37 per cent
against 17.33 & O0.31 and 16.36 + 0.45 per cent in untreated
frozen semen. There was no significant change in penetration
rate and abnormal sperm percentage. The fertility rate of

treated frozen semen of Friesian and Jersey bulls wes found
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to be 46.40 + 4.34 and 47.89 4+ 4.69 per cent respectively
against %4.69 + 3.50 and 35.99 + 3.97 per ceat in control.
On statistical analysis there was significant (p/0.01)
increase in fertility rate .

‘Analysis of variance revealed signiflcant'diiference
(F/0.05) between the bulls of Jersey breed as regards the
Post thaw motility whereas the difference between ¥riesian
~bulls was non-significant. The frozen semen of both breeds
differed significantly (F/0.01) in the post thaw motility.
Ihe penetration rate of frozen sperm of individual Friesian
bull was found to differ significantly (¥/0.01) while the
seme was non-significant in case of Jersey bulls. There was
no significant effect on the penetration rate of frogen
sperm of both the breeds. The difference in abnormal sperm
percentage between the bulls of both breed was non-significant
whereas the breed effect was significant (P/0.01) in pooled
data. The fertility rate of frozen semen did not differ
significantly either due to bulls or breeds in the present

study.

In conclusion the caffeine citrate (7.2 mM) and
pfostaglandih 32 alpha (4 /ug/ml) can safely be supplemented
before freezing the semen for improving the post thaw
progq?sive sperm motiiity as well as fertility rate of the

rozen bovine semen. However, further studies on fertility
are reguired to substantiate the findings for recommending

for routine use in the field.
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