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\ ~
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By utilising tl;c ovaries of non-descript pluriparous she buffaloes from slaughter
house, the bioméa'y of the ovary, morphology of the corpus lutcum_and follicles were
studied. There was no significant difference in biometry of the ovary on both sides. The
\ corpus luteum of Indian non-descriptive buffaloes were found to be small when compared |
to other breeds. Length, diameter and weight of the corpus luteum was found to differ

significantly between four stages of the cycle.

The mean number of visible follicles on the ovarian surface did not vary between
right and left ovaries. Increase in number of < 2 mm diameter follicles twice in a cycle
indicated two waves of follicular growth in buffalo ovaries. All the year around, there ~ .
was present a constant and good number of 3-5 mm diameter follicles on the ovarian
‘ surface with a slight variation in other follicular diameter ranges and total number of
follicles. The peak ovarian activity of Indian non-descriptive buffaloes in Madras was

noticed during the month of November to January.

g



There was an in(:.rca&: in the amount of follicular fluid as the diameter of the

~

follicle increased. The maximum fluid volume collected was 1.26 ml in a follicle with
a diameter of 2.1 cm. The mean diameter of the buffalo follicular oocyte was 157.37 pn

with a range of 130 to 161 p which found to be constant throughout its growth period.

ri -

The oocyte rccovcpr';rate was almost equal and did not differ much between the

stages of the cycle. More number of good quality oocytes were obtained in 3-5 mm

follicles and in ovary containing corpus luteum.
. \ \

| e 1

-

Dissection method yielded more- umber of good quality oocytes than other
methods. Though the percentage of maturation was low, total number of oocytes that
reached metaphase II was higher in dissection method when compared with other

techniques like aspiration and rupture of fol\ljclcs methods.

-

Supplements like serum and hormones are essential for buffalo oocyte culture
\in vitro. Addition of 20 percent EBS, 10 percent FCS with 10 pg LH, 1 pg FSH and\l -
'ug E,-178 in TCM 199 were found to be ideal media for culturing good and fair ’quality
oocytes from buffalo ovary. Nude oocytes with degenerated ooplasm completely lost its

potentital to mature in vitro.

There was no significant difference in the maturation rate of follicular oocytes in

media containing either FCS or EBS. The number of cumulus expanded oocytes appeared
/

to reflect cytoplasmic matured oocytes only in media containing FSH, FCS or EBS. A

——

/
2 ml culutre media was found to be ideal for culturing large number of oocytes in vitro

than 100 pl droplets.
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CHAPTER 1 >

’ INTRODUCTION

=

forre

-

$
- Ruminants especially the dairy cow and buffaloes play a significant role in

m‘?a‘igtaining a strong,a;gﬁcultural economy in India. Buffalo is a multipurpose animal

reared mainly for milic, and is also uscd) for r’fﬁat production and also as a draft animal.
// 4 \\

More than half of India’s milk production is obtained from buffalo and hence it plays a

pivotal role in the dairy development.

~

Fertility records among buffaloe,-however, shows lower level of reproductive
efficiency with' considerable influence of climatic conditions and condition faced by
veterinarian in breeding programmes posing economic stress on the farmers. Available
reports are suggestive of a lower number of primordial and Graafian follicular population
in buffalo ovaries. Scanty folliculogcnc;sis is also .reﬂcctcd in low estrogen production,
poor luteal function and lower FSH responsibilities. A clear and thorough knowledge of
the development, structﬁre and function of the buffalo ovary and folliculogenesis and thus

the functional anatomy is therefore necessary to optimise the reproductive efficiency of

buffaloes.

The goa} of genetic improvement by dairy cattle is to produce the best possil;lé
genotype which will operate at top efficiency to which it is subjected, in order to bring
the greatest possible profit to the dairy man (Bath et al., 1985). The biological limit for
buffalo genetic improvement per annum is around 1.8 times, with present breeding

methodology. The break through in embryo transfer technology can increase this genetic



progress almost four times (Nagarcenkar, ’1987). This can make great thrust. in modem

dairying.

The success of egg transfer depends on the economical production of large

numbers 6f* high qualigy;-’ embryo_s and to achieve this increased ovulation by
superovulation in pubertal and prepubertal animals were used. But the ovarian response
on superovulation treatment in terms of follicular development and ovulation has been
highly variable under local agro-climatic conditions. This poor supcrovulatory response

in buffaloes could also be due to use of/heterologus FSH, since no buffalo FSH is

commercially available till now (Madan 1990)

Furthermore, both recovery and fert\ilization rates of ovulated eggs have been
observed to be low d‘u‘e to an hostile rcpro;i-;ctive tract environment. It is a recognised
fact that, in animal breeding, the exogenous gonadotrophins initiate the premature
activation of the germinal compartment resulting in aged or abnormal oocyte that give rise

to many abnormal embryos.
The other disadvantages of this technique being

i. The prohibitive cost and availability of hormones essential for superovulation,
ii. Requirements of sophisticated gadgets and

iii. Presence of highly skilled technical personnel.

——

Inspite of high inputs and setbacks under best conditions this technique can only
produce 10 calves in a year from a single donor. Hence an alternative method of

increasing the availability of eggs from cattle is the recovery of follicular oocytes directly



. LN - - - . . -
from the ovaries. Such oocytes would have to be matured in vitro for subsequent

fertilization and successful development of embryos.

'
This modem technique of in vitro maturation and subsequent fertilization can be
used to surpass the setbagks of the technique of embryo transfer. This technique is

claimed to be a new method of embryo transfer that could reduce the cost by about 90

*

per cent since 1aréc numbers of matured and subsequent fertilized eggs can be obtained
Vv
at a lesser cost by bypassing the critical process of superovulation. It can be cvide‘ntly'

s
Ay

practised in developing countries like India”

It has been predicted that by 2000. A.D. this inovulation technique will
dramatically replace artificial insemination zﬁd the existing trade in semen for artificial

insemination and will give way to commercial \availability of embryos and thus will form

the establishment of “embryo bank" like that of semen bank.

k Although birth of live offspring following embryo transfer with in vitro matured,
fertilized ovum has been reported in several experimental animals and some domestic
animals there have been fc§v published reports of successful in vitro maturation and
fertilization of follicular oocytes in buffaloes. Comprehending the usefulness of this
technique endeavour has been made to investigate a suitable method for in vitro
maturation of buffalo follicular oocytes with clear basic understanding of folliculogenesis

in relation to climate and stage of the estrous cycle. The scope of the present work is:

T —

i To study the characteristics of the buffao oocyte in relation to ovarian activity and

follicular development.

ii. To standardise the technique for large scale oocyte collection for in vitro

maturation.



iil.

iv.

——— - -

To identify a suitable*medium required for in vitro maturation of buffalo follicular
oocytes to have a higher proportion of matured ova.

To find out a siinple technique to assess the nuclear maturation of in vitro cultured

" oocytes.

e,-lew‘:- -
To investigate a’suitable culture condition for in vitro maturation of buffalo

follicular oocytes.

4



- CHAPTER 2

. REVIEW OF LITERATURE
{f- - et

-

2.1 BIOMETRY OF OVARIES .
2.1.1 Length, width and height of the ovary . -

i 4

/

A

The biometry of ovary involving-the mean measurements of ovarian length, width
and thickness in Murrah buffalo (Polding and Lall, 1945 and Sane et al., 1964), in non-
descript buffalo (Damodaran, 1955; Luktuke and Rao, 1962; Bhalla er al., 1964; Jokhio
and Pardehi, 1986 and-Napolean, 1989), in 'J\z'_iffﬁ buffalo (Sane et al., 1965), in Egyptian
buffalo (El-Shcik'hrand Abdel-Hadi, 1970), in Surti buffalo (Kodagali et al., 1971), in
Berai buffalo (Kaikini, 1974) and in Nili-Ravi buffalo (Khan, 1987) were stuided in detail

»and it was found that there was no significant difference in biometrical value of right and -

left ovaries.

The ovaries of Jaffri buffaloes seems to be longer and heavier than those of the
other Indian breeds of buffaloes viz. 3.31, 1.44, 1.15 and 3.12, 1.49, 1.19 c¢m in length,
width and thickness of left and right ovaries respectively (Khan, 1987). Though there was
highly significant correlation between all the characters of the left and right ovaries during ¢ _
the four stages of oestrous cycle (Napolean, 1989), there were no studies among the
literature reviewed in relation to season, eventhough summer sterility is a major cause for

buffalo infertility (Sharma, 1987).



2.1.2 Size of the ovary

In the same animal, the size of the ovary varied on different days. Physiological
reason for the change in size of the ovary was due to the development and regression of
Graafian ff)‘ali‘i:cles and formation, development and regression of the corpus luteumn
(Zemjanis, 1962). In general, there /was an increase in ovarian size as the animal became
older in cow (F(Sl;:y et al., 1964) and in buffalo @smmi et al., 1985). Singh and Singh
(1988) reported that thl: mean size of both the OVflﬁcé varied widely and increased 'Witl’l.
the body weight in pre-puberal buffa]o:hciﬁ;s./Hc calculated thé size of the ovary by

using the formula: size of the ovﬁry (m,) = 11/6 x lengh x breadth and height in cms.

2.1.3 Weight of the ovary

\
—

Delange (1950) observed that in non pregnant cow, the weight of the ovary was

ranging from 3.8 to 14.5 g. The weight difference might be related to the stage of the

estrous cycle (Luktuke and Rao, 1962), age, nutrition and body weight (Foley er al.,

1964). Elsawaf and Schmidt (1963) reported that, in buffalo both the ovaries were active
and ovary weight did not differ significantly due to season or stage of estrous cycle.
Variation of 22.7 per cent in weight was found between ovari;:s of the same animal. Berai
buffalo was found to be having the least ovarian weight (Kaikini, 1974) when compared

with the Egyptian buffalo which had the heaviest ovarian weight (EIl-Sheikh and

/

Abdel-Hadi, 1970).

There was no significant difference in weight of the left and right ovaries in
buffaloes (Luktuke and Rao, 1962 and Khan, 1987). However, Damodaran (1955), Bhalla
et al., (1964), El-Sheikh and Abdel-Hadi (1970), Kodagali et al., (1971), Kaikini (1974)

. -

v



stated that the left ovary was heavier than right ovary. On the contrary there were some

reports stating that the right ovary was heavier than the left (Sane et al., 1964).

!

2.2 .CORPUS LUTEUM

o
o A
= :’,,'

The shape of the fully forméd corpus luteum may be either globular or oblong in
cow (Mc Nutt, 1924); but in buffaloes, it was oval in shape, occasionally spherical and

mostly buried in the ow"{arian stroma (ELShcikh_,and Abdel-Hadi, 1970). Lt

In cow, the colour of corpus lutedm was found to be yellow or orange yellow and
sometimes muddy dirty yellow (Mc Nut, 1924). On contrary, Asdell (1955) reported that
the colour was first brown to brownish‘yellow and gra'dual\ly- it turned to less brown. But

3

N ~
Ireland et al., (1980) stated that the colour of the corpus luteum was changed from red

to brown, tan to orange and light yellow to white during the estrous cycle.

In buffaloes, the colour of the corpus luteum was found to be brown to pale
yellow (El-Sheikh and Abdel-Hadi, 1970). Napolean (1989) studied the colour of the
corpus luteum externally and on bisection found it to be bright red, red, tan or yellow,

grey or white and bright red, reddish brown, tan and grey or white in four stages

respectively.

The diameter of the corpus luteum in cow was observed to be 22-30 mm ;o
(Mc Nutt. 1924). T;IC young corpus luteum was about 6-8 mm in diameter. By day 8, it
increased to 18-20 mm and reached a maximum diameter of 20-25 mm when it fully
matured. There was no marked reduction in size until 18-20 days. In a similar study,
Dellmann and Brown (1981) reported that the corpus luteum continued to grow until the

20th day when it attained a diameter of approximately 25 mm. Ireland et al., (1980)

E =




-

reported that the size of 'the\corpus luteum increased from 0.5-1.5, 1.6-2.0, 1.6-2.0 and

1 cm in the four stages of the estrous cycle respectively.

]

In buffaloes, the diameter of the corpus luteum were 1.2, 1.5 and 1.0 cm
rcspective‘f?for the early diestrous, mid diestrous and late diestrous phase (Hafez, 1955).
Napolean (1989) reported that the/lqngih and diameter of the corpus luteum was 0.57,
1.45, 1.25, 1.08 éhd 0.63; 1.05, 0.86 and 0.85 cm.rcschti,vely in four stages of the estrous
cycle. In an another stlldy, Luktuke and Rao (1962) found that the length and breadth of
corpus luteum were maximum during 19; 1 5’da§of estrous cycle and rcduq;d to 1.22 and
1.23 cm respectively during the 16-20 days qf estrous cycle. El-Sheikh and Abdel-Hadi
(1970) found that the average diameter of the corpus luteum was 16.85 mm.

\
—1.
v

Foley et al., (\1964) studied the weight of luteal tissues and observed a high
rclationshib betwgcn the stage of the cycle and weight of the corpus luteum. The corpus
luteum increased rapidly in size between day 2 and 8 and tended to remain relatively
constant in weight, until regression began about day 18 to 19 then decreased rapidly in |
size and weight. There was also a high degree of variability among individu;xls and

various breeds.

Ireland et al., (1980) reported that the mean weight of the corpus luteum was 0.8,
3.4, 3.6 and 3g respectively during the four stages. The vasculature on the surface of the
corpus luteum was not always present ‘in stage I, but it was limited to periphery and apex
in IT and III stageg and not gible in the IV stage. In a similar study, Dellmann and

‘Brown ( 1981) found that the corpus luteum was fully developed and vascularised 9 days

post ovulation.
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2.3.1 Follicular dynamics in relation to

2.3.1.1 The different stages of the estrous cycle

Atblrth or slightlzfgfterwards, the ovary contains a large number of primordial
follicles, an average of 1,33,000 in cow (Erickson, 1966) and an average of 43,000 in
sheep (Cahill, é't' al., 1979) which were present in non growing or static condition.
Through an unknown -zi;lcchénism, a cbhort of follicles gets recruited to grow and a single
follicle is selected and becomes a dorningnt/félﬁ:ic ana rupture at' ovulatipn suppressing

the growth of other medium follicles, which undergo atresia during the estrous cycle, in

ewes (Tumbull ez al., 1977) and in heifers (Matton et al., 1981; Roche and Boland, 1991).

~

v

o , ~—
The growth of follicle from one size'to another appeared to be continuous and

" independent of the stage of the cycle (Choudary et al., 1968). The mean number of
follicles on the ovarian surface in cow was reported to be 8-10 (Moor et al., 1984) and .
\in ewe 4.3 (Dailey et al., 1982). Among this 95 per cent of the follicle underwent atresia, |
which concurred with the study of Choudary er al., (1968) who stated that the mean
relative proportion of normal and atretic foliiclcs during the estrous cycle was 23.7 and
76.3' per cent. The mean total counts for normal and atretic follicle per pair of ovaries

during the estrous cycle was 93.9 and 787.9.

; I4
Marion et al., (1968) have reported that the development of vesiculation began in

the ovarian follicles of cow in.ﬂs‘e-c-ondary follicles of 0.5 mm diameter. Follicular growth
to 1.0 mm size was rapid and however, development from 1 to 2 mm appeared to be

continuous and without periods of acceleration.
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During the 18-24 hrs prior to ovul"a‘ti‘(f)n, rapid expansion of the follicle occurs. The
total number of ;mall follicles were greate:r on day 19 compared with day 12. But the
intermediate follicle were only fewer on day 19 which are more on day 12-14 (Skyer
et al., 1987). The medium size non-atretic follicles were more abundant on day 0-5 and
from day 6:; of the cyclé“while large non-atretic follicles (>10 mm diameter) were

found more on day 4-9 and 13-18 (Moor er al., 1984).

Spicer and Echtc}nkamp (1986) reviewed-that thq rate of growth of small follicles
(1 to 3 mm) into large follicles increased/as”t’hé;trous cycle progressed from day 1 to
18 (day O = estrous). Mogt large folliclcs’ of >10mm persisted on the ovarian surface for
5 days or more between day 3 and day 14 of the bovine estrous cycle. After day 13, most
of these large follicles were replaced by new growing folliclcs: On contréry, Kruip (1982)
reported that folliclEs -of >10m;ﬁ m aianlctcr ‘wcrc present in all days of estrous cycle
except during the ;irst 3 days and on days 9,10, 11 and 12. On these days, follicfcs of

<lmm and medium size were found.

For several domestic mammals, a positive relationship between luteal and fol’l‘icular
activity has been observed (Clark et al., 1975).. Increased functional activity on the surface
of the ovary has been observed consistently when function of corpura lutea was maximal
in heifers (Rajakoski, 1960) in women (Block, 1951) and in ewes (Brand and de Jong,

1973) and in gilts (Clark er al., 1975).

Further, Driancourt (199T)-;tated that the number of groiaving follicles were found
to be greater in luteal phase (1.6) than in the follicular phase (1:2). Normal follicles larger

than 5 mm were not present in ovaries obtained during the luteal phase of the cycle;
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however, atretic follicles larger than'5 mm were present in ovaries during the entire cycle

(Choundary ez al., 1968).

In Egyptién buffaloes, the largest size of follicles vary from 0.5 to 0.7 cm and 0.8
_tol.3 ém iﬁijv;n':cs with co'i"f)-ﬁs lutcgm -and without functional corpus luteum respectively
(Hafez, 1965)'..Wh?rcas El-Seikh and Abdel-Hadi .(1970) recorded the larger diameter of
the Graafian folliclc to be 18 mm, El-Wishy et al., (1988) reported that large follicles of
10-20 mm were found in'the ovaries dun'nglthc fé;llicular"phase of tllc cycle. They further |
stated that the mean diameter of the 1argc§tffolliclc during this phase was 13 + 3 mm.
During metestrous and diestrous phase, the mean diameter of the largest follicles was

8 + 3 and 11 + 3.6 mm respectively.
\

N __E

In ewes, more number of small follicles were found on day 9 whereas the number
of follicles and its (;iamctcr were least during the luteal phase. While studying the effect
of luteal cells on follicular development in ewes, Dufour et al., (1971), Fogwell et al.,
(1977) have found that the ovary havings corpus lutcun; had more large follicles than the
ovary bearing the corpus albicans. Further he reported that greater development of

follicles occurred in the ovary with the corpus luteum.
2.3.1.2 The different months in a year

Hafez (1955), observed that majority of buffaloes remain in anoestrous condition
‘during the summer months. Highﬂe—n-vironmcntal temperature and lack of feed may restrict
sexual activ_ity during some months of the .ycar in the tropics, but shortly after the onset
of rainy season, sexual activity increases, probably due to a change in feeding activity

(Jainudeen and Hafez, 1987). The fertility therefore is minimum and it is referred to as
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summer infertility in buffaloes which remains from April to June, when the

environmental temperature reaches as high as 42-46°C (Sharma, 1987).

'Mziiqeﬁd et al., (1961) and Hossain and Ahmed (1971) reported that during summer,
'charactcn';ed by high tcm&%mre, the reproductive efficiency of buffalo species is severly
hampered. Hafez (1955) reported that the Egyptian buffaloes remained completely
anoestrus during hot \v¢a{11er (April-July). In an another study, Hossain and Ahmed (1971)
reported that only 2 i)cr‘ccm of buffaioes ‘were joined in heat during summeér in
Bangladesh. But during autumn :and winier when day length and ambient temperature
decline, there is enhanced feprod_uctivc activity in buffaloes (Hafez, 1955). In a similar

study, Majeed er al.,, (1961) reported that with decline in day-length and ambient

\ .
temperature, the buffaloes became sexually-active.

Kodagali fet al., (1973) observed sexual activity in Indian buffaloes to be at its
peak during the period from September to February when 69.62 per cent of all the
| females were served. The highest incidence of estrous was recorded during October and |
November (Afiefy, 1967). Hossain and Ahmed (1971) also reported that most of the
estrous period (66.0 per cent) in buffaloe-s occurred during the month of October to

January.

2.3.2 Follicular contents

2.3.2.1 Follicular fluid

y P
Follicular fluid was a slightly viscus straw coloured solution with pH above 7.0

| (Lutwax-Mann, 1954). As the follicle approached pre ovulatory stage, the consistency of

the follicular fluid changes more viscus (Bedirian and Baker, 1975). On contrary, Byskov
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(1969) stated that' the follicular fluid to be more viscous and metachromatic in growing,

than in fully grown preovulatory follicle of hamsters and mice.

In éq;y.}hc mean volume of the follicular fluid collected from large follicles was
i b‘_‘.:'

1.0 ml an_d then greatest volume was- 2.2 ml (Henderson et al., 1982).

+

Since follicles cg,n\bc located at various depths in the ovarian stroma, reliable
measurements of the diameter of antral féllicle’é are not obtained unless follicles are
removed from the ovary. Therefore, the mlhﬁonship between djamc\ter and.fluid volume
was examined by Spicer and Echternkamp (1986) who found that both were significantly
correlated with each other. A similar curvilinear realtionship was obtained between
diameter and volume in" human follicles (Mé_\ ‘Natty et al., 1979) and in ovine follicles
(England ez al., 1981). This relationship between diameter and volume was analysed and
it was reported that the follicular volume (V) could be related to follicular diamter (D)

by the equation V = 0.3xD? (Henderson ez al., 1982).

Napolean (1989) studied the volume of follicular fluid in different size of follicles
and found that the volume increased as the diameter increased and at each range of
diameter, the increase being from 0.026 + 0.002 to 0.155 + 0.008 in follicles of 2.1 - 4.0

to more than 10 mm in diameter respectively.

s

2.3.2.2 Diameter of the oocyte

/

» Pederson and Peters (1968) classifeed oocyte-into (a) the small oocyte, a cell with
a diameter of less. than 20 p, (b) the growing oocyte, a cell which had begun to grow but
not reached its final size yet (diameter between 20 and 70 p) and (c) the large oocyte, a

cell which had reached its final size (diameter 70 p).
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El-Sheikh and Abdel-Hadi (1970) found that in buffalo the average diameter of

the primary follicle was 35-48 1 and of the ovum was 21-28 1. The average diameter of
the secondary follicle and the ovum inside were 43-60 and 24-38 p respectively. It
appeared that~the ovum of the primary follicle increased in size, reaching a diameter of

frated
145 p in the 8-celled fertilized ovum. The average diameter of the corresponding ovum

]

including the zona pellucida was 160 .

v

! -

\ In juvenile fcmﬁlc, ‘maximum oocyte size was much ‘smallcr than that in
prepubertal or adult female in mouse (Szyb/ck, 1972; Sorerisén and V\Vassarman, 1976), in
hamster (Iwamats;l and Yanagimachi, 1975) and in man (Li;ltcrﬁ;Moorc et al., 1974).
Linder er al., (1980) has reported that the ooc3\'tc compleéted their I meiotic division when

they attained the diameter of 77-78 pm. -

-

/

Sato et al., (1990) reported that in bovines, oocytes < 90 um diameter did not
resume meiosis. However, germinal vesicle breakdown was observed in oocytes whose
diamter exceeded 91 p. Polar body formation was observed in oocytes with diameter

exceeding 101 pm. About 80 per cent of the oocytes with diameter 2 121jum were able

to extrude the polar body.

2323 Obcyte recovery rate

Asakawa et al., (1982) studied the percentage of oocytes recovery in different
classes of follicles at 37 and 47h post hCG treatment in squirrel monkey. It showed that
the percentage of oocytes recovery at 37 h and 47 h in >3, 2-3, 1-2 and < 1 mm diameter

follicles were 33.3, 43.0, 29.7 and 20.8 and 43.3, 36.0, 31.9 and 24.6 respectively.
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In cow the oocytes recovery rate was 66 per cent (Mc Natty er al., 1984) and 65

per cent (Leibfried-Rutledge, er al., 1987) by aspiration of follicles of 22mm diameter.
Schnurrbusch er al., (1990) studied the recovery rate during early or late diestrous, pro-

estrous or early; mid or late Eg}tmus in pigs and the recovery rate was 70.0, 75.5, 43.5,

65.4, 78.0 and 92.1 per cent respectively.

.

2.3.3 Characterization. o\f ‘the oocytes in relation to

§ -
§

-

Size of the follicle and stage of the.cycle greatly influenced the characterization
of the oocyte since oocytes remain dependent on the follicle almost upto the moment of
follicle rupture.

2.3.3.1 Size of the follicle

-
[ 4

The first healthy follicle was about 3 mm in cattle (Rajakoski, 1960) and 2 mm
in\shccp (Driancourt et al., 1990). Follicles with the diameter of 3-5 mm yielded more
(81 per cent) oocytes with germinal vesicle stage, while follicles > 10 mm diameter
yielded more degenerated oocytes (Bedirian and Baker, 1975). In a similar study
Dahlhausen er al., (1981) reported that the follicles with <3 and 3-6 mm diameters
contained a greater proportion of oocytes with compact or only slightly expanded cumulus
cells (42/48 and 31/36 respectively) as compared with follicles in the >6mm category
(4/12). In contrast: Leibfried and First (1979) stated that a high proportion of non

degenerated investments was found in follicles of 1-3 mm in size; but the incidence of

intact chromatin was greater in follicles of >3mm in size.

3
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2.3.3.2 Stage of the cycle

Moor er al., (1984) studied the state of the oocytes at different cyclic stages and
in different follicular classes. All oocytes in non atretic follicles and almost all follicles

——

undergoing early atresia #¢mained in the normal germinal vesicle stage; with the
progression of atresia, the percentage of oocytes showing degenerative changes increased.
Leibfried and First (1979) compared the chromatin nature to the stage of estrous cycle

and concluded that thete was a greater incidence of intact chromatin present in the

\

follicular stage. A

In a similar study, Schnurrbusch et al.,(1990) stated that the rate of oocyte

degeneration was high (50 per cent) in late diestrous than other stagcs~ and least in late

estrous period.
4

24 ISOLATION OF OOCYTES AND ITS PERCENTAGE OF RECOVERY

AND MATURATION RATE
Though the ovary contained hundreds of antral follicles, only 8-10 follicles of -
2 mm diameter were visible on the ovarian surface in cow (Moor er al., 1984). Most of

the follicles were deep in the cortex. The mean s.e.m. number of 2mm diameter follicles

per cow was 52.4 + 4.1 in a dissected ovary (Mc Natty er al., 1984).

* A variety of means have-been used to acquire oocytes from the mammalian ovary.
These have included aspirating oocytes from individual follicle, rupturing of isolated

follicles or dissecting of the upper surface of the follicle.
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Lonergan et al., (1991) ;?udicd the éf_fcct of recovery rate of oocytes by aspiration
and dissection method and found that the recovery of oocyte per ovary was 18.7 by
dissection t’ncthod, wherea§ it was 14.6 by aspiration method. Further, he stated that there
was signiﬁca;&l! more good quality oocytes recovered by dissection when compared to
aspiration. S*i;nilarly, Arlottgggt al., (1990) reported that slicing method approximately
doubled tﬁc number. of oocytes released from the ovary, than the aspiration technique.
Further, he stated that thc~vsi‘zc distribution, proposition of cumulus intact oocytes selected

-

} ’ P
for culture from the ovarian surface and dcc;/)/i} the cortex were similar.
./ ‘ | i

On cE)ntrary; Bottcher er al., (1989) reported that the percentage of first quality
oocytes were more by ruptare of isolated follicles than byxaspiratioq -and dissection
methods (60, 14, 0 per cent). The percentage ot\'i_ second and third quality oocytes was 43,
30, 60 and 43, 10, 4;0 by l;upturc of isolated follicles, aspiration and dissection methods
respectively.

\

Sato et al., (1990) compared the recovery of bocytcs by needle puncture and
dissection method and found that the dissection method gave more number of oocytes
(16.0 + 7.1), than needle puncturing method (10.0 + 4.4). The oocytes with cumulus cells
were more (3.7 + 1.7) in razor blade method than needle puncture method (2.0 + 0.8).
The mean number of oocyics liberated from each ovary by combination of needle and

razor blade method was 26.2 + 7.4.

———

4
The obvious advantage of aspiration is in terms of speed of operation, which is

- especially important in in vitro culture in an embryo production line system (Gordon and

Lu, 1990).




Wahid er al., (1992) studied the effect and efficiency. of recovery methods for
obtaining ovine follicular oocytes for in vitro.proccdunc and reported that a significantly
higher number of cumulus enclosed oocytes/ovary could be obtained if dissection was
employed., Recovery of oocytes by aspiration was 43 (4.48/1.03) times faster than

dissection. £ ==

Pre-Inberge et al., (1989) stated that the number of oocytes obtained per ovary
averaged 16.0 + 0.9 and did not differ significantly between right and left ovaries.

2.5 IN VITRO MATURATION <

-

The term "maturation” has been used in various ways by different researchers. In
order to limit the implication of the word, Scheutz (1969) proposed thc~te1m "meiotic
maturation” to refer to the meiotic process following the release of the oocyte from
prophase arrest. In many species, howcv.er meiosis is again arrested at MI and MII

meiotic divisions at which time the oocytes are fully fertilizable.

Oocyte maturation is traditionally defined as those events associated with the

18

initiation of germinal vesicle breakdown (GVBD) and completion of first meiotic division

(Leibfried-Rutledge et al., 1987). The process of oocyte maturation however also includes
changes within the cytoplasm (Thibault er al., 1975).

2.5.1 Condition Eequired for maturation of oocytes in vitro

s —

. /
2.5.1.1 Time interval from slaughter to oocyte collection

Time interval from slaughter until oocyte aspiration is a critical period for

subsequent germinal vesicle breakdown in vitro (Motlik et al., 1978). Oocytes collected
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within 30 minutes after slaughte{ have the highest success rgtc (Xu et al., 1987). On
contrary, Shea et al., (1976) found the oocytescollected one or two hours after dca;h had
no significant difference in the maturation process. Similarly, oocytes collected 1.30 to
2h (Tmunson et al., 1977), 2 h (Fukui ez al., 1987 and Kim et al., 1990b) and 2.5 h
(Fukuda et al"1990) aftcf tgg,dcath o_f the. animal had no significant effect on the

—

maturation rate.

2.5.1.2 Size of the follicle

}

¢ -

-

- \
When fully grown immature oocytcs,,réém'/ed from antral follicles are placed in

culture, they undergo ﬁponwncous meiotic maturation, but oocytes removed from preantral ,

follicles are incapable of maturation (Eppig and Schroeder, 1986). Motlik et al., (1984)
. \
" observed that no GVBD took place after 24 hof culture of pig oocyte if taken from

0.3-0.7 mm follicle size. Bovine oocytes from follicles below 1.6 mm did not mature

spontaneously (Motlik ez al., 1986).

Asakawa et al., (1982) stated that thc;rc was a ;igniﬁcant difference .bc'twe‘cn
oocyte maturation from follicles less than 1 mm diameter and from large size follicles.
Oocytes from small follicles could resume meiosis but only a small number of such
oocytes reached M I1. The majority of the oocytes were found degenerated during culture.
In a similar study, Schellander et al., (1989) reported that the percentage of oocytes
maturing in vitro from follicles measuring <2 mm was low or non existent versus
maximum percentage was attained-inoocytes collected from 6-10 mm follicles. In Goat,
Veronique de Smedt ez al., (1991) reported that 86 per cent of oocytes from follicles of
2-6-mm diameter progressed to M II whereas only 24 per cent of oocytes with the

diameter of 1-2 mm completed meiotic maturation after 27 h in culture.

19
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Pig oocytes from follicles < 5. mm™ matured faster than those from larger ones

(Fukui and Sakuma, 1980). They suggested that oocytes from small follicles -were well

surrounded by cumulus cells which helped maturation of oocytes in vitro.

o .

It indicated that the oocytes for in vitro maturation should not be collected from
too small follicle. However, a few studies have shown that size of the follicle doé:s not
influence the maturational ability in vitro in mice (Erickson and Sorensen, 1974), hamster

-

(Iwamatsu and Yanagimachi, 1975), pig (Mc ¢ Gaughey, 1977) and bovines (Fukui and

Sakuma, 1980). -

2513 Age of the donar
« Bt

The ability (,)f the mammallan oocyte to resume meiosis and complete nuclear
maturation was acciuired in a stepwise fashion and which has been shown to increase with
age of the females (Leibfried-Rutedge et al., 1987). The ability to mature spontaneously
in vitro was not acquired until about 15 day§ of age in mice (Szybek, 1972; Sorens;n and
Wassarman, 1976) and 20 days of age in rats (Bar-Ami and Tsafriri, 1981). The (;»ocytes
inside the follicles in young female were in GV stage as in adult one, but it was observed
- that in Juvenile female the resumption of meiosis in vitro occurs less frequently. Katska
and Smorag (1984) examined the ovaries of three age group of animals and found that
the animals within the age group of 3-8 years were having more number of follicles and
normal oocytes than the age group.of 18-24 months and 9-17 years. On contrary, Onuma
and Foote (1969) stated that the potential of in vitro maturation of odcytcs obtained from
young calves were equivalent to those from sexually matured cattle. Cytogenetic study

on mouse oocytes revealed that oocytes of older females had fewer chiasmata per cell

than did oocytes from young females (Chandley, 1971).
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2.5.1.4 pH '

1

pH is a vital factor ﬂfor survivability of oocyte in média and was maintained by
bicarbonate ioir‘l_s‘,‘A high pH in medium reduced the proportions maturing often to nil
(Edwards, 1‘96;5). For each ;p;c_ies there was an optimum pH where maturation rate was
maximum. oocytes can grow in a fairly wide range of pH eg. 5.87 to 7.78 in mou;se
(Brinster, 1965a) and 6.64'-to_7.91 in rabbit. Q(anc, 1975). Bagger et al., (1987) reported
that alkalization beyond 7.‘45 resulted in incrfgs/cd'ratc of degeneration and decreased
rates of GVBD and polar body formation ana/ ihcy stressed the importance of a stable pH

during the period of isolation of oocytes for in vitro culture.

HEPES buffer (N-2 hydroxy ethyl pipera"\zine N-2 ethanesulphoric acid) in culture
medium maintains proper pH level for a longer culture period in 5 per cent carbondioxide

although TCM 199 contains 2.20 mg/ml NaHCo, (Fukuda et al., 1990).

Though the oocytes matured in media with pH‘ ranging from 6.70 - 7.59, the
highest percentage (69 per cent) was reached in media at pH 7.00 to 7.29 (Shea et al.,

1976). In general, the range of pH in which oocyte can grow well was 7.0 to 7.5 (Iritani

and Niwa, 1977).
2.5.1.5 Temperature

Shea et al., (1976) u-anspo—r't“ed the ovaries from slaughter house to the laboratory
without any precautions to maintain transport media temperature and found that 76 per
cent of the oocyte resumned meiosis; but only 34 per cent reached M 11 It revealed that
temperature before setting of culture was an important factor for completing of meiosis

(Fukui et al., 1984). The original protocol in bringing the ovaries from the abattoir in
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medium held at 30-37°C (Cheng ez al., 1986) was disproved and now it has been cleared
that the ovaries can be held at 20°C for atleast 8 h before oocytes recovery (Yang and Lu,
1990). This permits much greater freedom in arranging production line work.

rﬁd

"I'hé incubation tcrffﬁérature/has been found to play an important role in in vitro
oocyte r.naturation’. The most commonly used tcn}perature for culturing mammalian cells
was at 37°C eventhough body temperature varies among species. Cattle have an average
rectal temperature of. 38§°C-39.3°C with a sl\ightly'higher core body tcmpcraturc (Anderson,
1970). Thc tcmperaturc during the penod/o/f fertilization may bc higher though basal

temperature rises as ovulanon approaches in women (Lenz er al., 1983).

Glycosaminoglycan Wthh is hlghly_csscnual for induction of acrosomal reaction
produced by cumuh was thoughttobc temperature dependent (Lenz et al., 1983). Further,
he stated that temperaturc ranging between 35-39°C had no deleterious effect on
resumption and completion of meiosis, but at 41°C the frequency of oocytes that
progressed to M II was significantly rc&uccd Ovz; matured at 39°C had significantly

higher rates of fertilization than at 35°, 37°, or 41°C.

Moor and Crosby (1985) lowered the incubation temperature to 20°C at different
stages of meiotic maturation and found that cooling induced chromosomal abnormalities.
The time of G/VBD (8-11 h after start of culture) was the most sensitive to cooling.*‘
Similarly, increased culture temperature also had deleterious effect on nuclear maturation.
He stressed the point that temperature should be constant throughout the culture period.
Eﬁg et al., (1986) stated that 39°C was the optimum temperature for pig oocyte in vitro
culture. But there was no difference in the maturation rate of buffalo follicular oocytes

cultured in vitro at 37°C and 39°C (Singh et al., 1989).
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2.5.1.6 Gas phase and humidity

The pH of the egg white saline mixture was found to rapidly rise from 7.00 to 7.8
during measureiient with glag_sjelectrode or when exposed in shallow vessels, and the
change was attributed to loss of carb’c;ﬁdioxide contained in the egg white (Whittan,
1957). T ) | '

13
1

Bagger et al (1937) ‘contmllcd the BE; by gassing the c\ulturc media with
carbondioxide. Majority of the workers havé u/scd different combinations of gases eg. air,
5 per cent carbondioxide in air or 5 per cent carbondioxide pll;S 5 ber cent oxygen plus
90 per cent ﬁiﬂogen, of whi.ch 5 per cent carb?ndjoxide plus 5 per cent oxygen plus 90
per cent nitrogen was fé)imd to be the best (Tﬁr*ounson et al., 1977, Schellander, et al.,
1986; Berg and Brcm: 1990). On contrary Shea et al., (1976), Schellander et al., (1989),
Fukuda et al., (1990), Kim et al., (1990a) and Sato et al., (1990) used a gaseous phase

y
of 5 per cent carbondioxide in air and attained the maximum maturation rate.

Oocytes could convert pyruvate into carbondioxide (Eppig, 1977) which was
important for normal maturation of pig oocytes (Eng et al., 1986) and bovine oocytes

(Fukui er al., 1986).

Fukui ez al., (1987) used a gaseous phase of 5 per cent carbondioxide 45 per cent
oxygen and 50 per cent nitrogen-to.culture intrafollicular oocytes and found that 57.9 per
cent of the oocytes reached M IL. Akufo ez al., (1988) exposed the culture media with
obcytcs to a mixture of 50 per cent oxygen, 45 per cent air and S per cent carbondioxide
during culture and found that majority of the cultured oocytes had resumed meiosis as

indicated by GVBD or chromatin changes, but only a small proportion reached M II.
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Skyer et ‘al., (1987) cultured intact follicle in an atmosphere of 5 per cent

carbondioxide, 40 per cent oxygen and 55 per cent nitrogen and stated that the gas
mixture selected was superior to 5 per cent carbondioxide mixture. Similarly Fukui ez al.,
(1987) used a“gas phase ogé,, per cent carbondioxide 45 per cent oxygen 50 per cent of

nitrogen for culture of intrafollicular oocytes in bovines.

High humidity ‘of 90-100 per cent is suitable for oocyte maturation since it

maintained the osmolarity by preventing evaporation. However, highest rate of maturation

7 : \
of oocytes was seen at 95 per cent humidity (Fukui er al., 1986).

2.5.1.7 Osmolarity
A

~ v

Work with laboratory anir;xals indicated that ova grow over a wide range of
osmolarity. Mouse: ova could be matured in media varying in osmolarity from 200 to 354
mOSm (Brinster, 1965,a) and rabbit ova in media varying from 230 to 339 mOSm
(Naglee er al., 1969; Bae and Foote, 1980). The osmélan'ty of the media can be adjusted
by Na™ and CI ions. Though there was a wide range of osmolarity, oocytes grow best
at a particular osmolarity respective of the species eg. 270 mOSm in rabbit (Bae and
Foote, 1980), 285 mOSm in pig (Mc Gaughey, 1977), 290 mOSm in sheep and cattle
(Tervit et al., 1972) and 294 mOSm in human (Soupart and Morgenstern, 1973).

Maturation rate .was found to reduce if osmolarity was varied.

2.5.1.8 Culture time

When the other culture conditions were provided, the time required for maturation
varied depending upon the species. Edwards (1965) stated that oocytes reached M 11 after

culturing in the media for 46 h in sheep, 31 h in cow, 43 h in pig and 30 h in Rhesus

}
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monkey. Thibault (1977) reviewed that in cow, 60-90 per cent oocytes were in M 11 after

29-30 h of culture and in sheep culture time for maturation (91 per cent) was 40 h.

Thoggh a high pcrcentage of oocytes completed nuclear maturation in vitro after
22 to 24 hr in culture mcdla (Trounson et al., 1977; Fulka et al., 1982) increased
culturing period-upto 28 h improved the maturation rate (Iritani et al., 1984); but further
incubation did not incrcasé the proportion of maturation (Shea ez al., 1976). This was’
complemented by the study of Sirad ez al., ( 12825)'stau'ng that the percentage of ooc;vtcs
-maturation (M II) was increased from 28;gt/o 55.4 per cent as the culture time increased
from 18 to 28 h. After 28 h, there was no improvement m thé maturation rate. In a
similar study the pcrccntégc of maturation was increased from 74 to 84 per cent as the

~4

culture time increased from 247to 28 h (Fukuda er al., 1990). On contrary, Goto et al.,

(1988) attained 829 per cent maturation rate within 19-22 h culture time.

2.5.1.9 Antibiotics

To prevent bacterial growth, antibiotics, penicillin and streptomycin were used in

ova culture medium. However, Yablonski ez al., (1987) observed that antibiotics inhibited

oocyte maturation.

26 CHARACTERIZATION OF FOLLICULAR OOCYTES AND IN VITRO

MATURATION RATE

Wi

The percentage of bovine oocytes to undergo nuclear maturation in vitro was

LY
dependent on the presence of compact, complete cellular investment of the oocyte in
mice, rabbit, pig, cattle and humans (Donahue and Stern, 1968; Kennedy and Donahue;

1969; Mc Gaughey, 1977; Fukui and Sakuma 1980; and Shioya et al., 1988). Uniform
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granules in the cytoplasm (intact germinal vesicle) were the only obvious indicators on
ooéytes potential to mature in vitro when removed from follicles (Leibfried and First,
1979; Jinghe et al., 1989).

F*
E‘.'_' B ogqe 3 » 3 -
Intact cumulus cells have been_found to facilitate oocyte maturation. inhibitors

(Schulz et al., '1»985)- and increase the time of maturation (Xu er al., 1986a) It was

generally felt that a compact cumulus mass around the oocytes an important factor for
H | -

v

maturation of oocytes in vitro. o

P

Vs
On contrary, Cross (1973) in mouse. and Zeilmaker and -Verhamme (1974) in rat

clearly indicated that cumulus free oocytes also undergo.maturation to M IL

. :L \
According to Donahue and Sicm (1968), oocytes are dependent upon cumulus
’
cells for their nourishment and essential nutrients and therefore compact oocyte cumulus
was a must for oocyte maturation in vitro. It has been observed that if the connection
between cumulus cells and oocyte was disintcgmted,“oocyte undergoes degeneration.
When the oocyte matures, it does not need any support from cumulus cells and cuh'iulus

cells expand as a result of loss of connection between cumulus cells and oocyte

cytoplasm. It was important that cumulus cells are with the oocyte for oocyte maturation

(Eppig, 1977).

The oocytes were classi&id based on cumulus cells and the maturation rates of
class A oocytes with compact dense cumulus cells, class B partially naked oocytes with
thin cumulus layers or small remnants of cumulus cells and class C naked oocytes were
97.4, 89.9 and 59.9 per cent respectively (Shioya er al., 1988). In an another study Kim

and Park, (1990) attained 92.8, 84.7 and 55.2 per cent of maturation in A, B and C grade

oocytes respectively.
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Similarly the .in vitro maturation rate was 85.2 per cent in A grade oocytes which

decreased to 29.6 per cent in C grade oocytes (Garcia et al., 1988).

Jinghe iqhal., (1989) classified the oocytes based on cytoplasmic granules as 1)
: ‘ &= _
compact, complete oocyte with even .cytoplasmic granulation, (2) fewer number of
cumulus cells and speckled cytoplasm, (3) expanded cumulus with atretic bodies, (4) few

or no cumulus with even granulation of cytoplasm. The maturation rate was 77, 30, 68
i ! -

and 36 per cent respectively. e \
- // '

Lcibfried and_Fimt (1979), Berg and Brem (1990) attained a high 71 and 65 per
cent of maturation in good quality oocytes, where as nude oocytes attained only 44 per
cent and 10 per cent maturation rate (lpibfried‘\and First, 1979; Tsafriri ;'indr Channing,
1975). On contrary, Dahlhausen ez al., (1981), Moor et al., (1984) reported that no oocyte
from any size follicle group which were devoid of cumulus cells matured in vitro and

opi“ned that this might probably be due to poor cytoplasmic conditions of the oocytes

which were subjected for maturation.

2.7 EFFECT OF SUPPLEMENTS ON OOCYTE MATURATION RATE

IN VITRO

2.7.1 Culture medium

Bovine oocytes resume aFn_c_i_ complete the first meiotic division in a variety of
media ranging from s;imple balanced salt solution (Leibfried-Rutledge et al., 1987) to
complex media (Edwards, 1965; New comb e al., 1978 and Leibfried and First, 1979).
Early attempts to culture eggs in various natural media such as blood serum (Brock and
Rowson, 1952) and follicular fluid (Sreenan 1978) were not of much success. On

-

contrary, Akufo et al., (1988) showed 98 per cent of oocytes resumed meiosis in a media
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containing 50 per cent of bovine follicular fluid, but only 45 per cent attained M I and
9 per cent,completed maturation. He further stéted that there was apparently slight
increase in inhibition of meiosis resumption by increasing the percentage of follicular
fluid to 100 per cent. Thi%‘}maturatiopal block may be avoided by supplementing

gonadotropin hormones or granulosa cells.

.- »

The studies of Natio er al., (1988) ind%catcd that the male pronuclei formation rate
was elevated signiﬁéantly’to 59.5 per cent wrlgn/ the’oocy’tes were cqlturcd with porcine
follicular fluid and this action was further éﬁﬁanccd by additioﬂ of follicular stimulating
hormone. In a similar study addition of cumulus cells in a -mcdium é;)ntaining 50 per cent
cow follicular fluid enhanced the maturation r~a\te 90.5 per cent than 50.7 per cent in a
medium containing only‘ ;:ow follicular fluid (YE)on et al., 1989). In an another study by
Ayoub and Hunter (19/90), it was found that 'the culture of cumulus enclosed oocytes with
36, 50, 70 and 68 per cent GVBD. This inhibition of GVBD was reversed by removal of
foilicular fluid and culture in TCM 199. He further stated that heating of follicular fluid
to 100°C for 15 minutes did not destroy its GVBD activity and suggested that the meiotic

arrest at the germinal vesicle stage in the bovine oocytes was sustained by heat stable

polypeptide factors existing in follicular fluid.

Tervit et al., (1972) cultured sheep eggs successfully in medium based on the
composition of sheep oviduct as described by Restall and Wales (1966). More than 65 per
cent of bovine follicular oocyte;‘i? fetal calf serum maturcd to M II (Trounson er al.,
1977). Recently, a large number of media have been developed and used for culturing
oocyte in vitro viz. Tyrode’s medium (Hunter et al., 1972 and Ball et al., 1983; Leibfried-
Rutledge et al., 1987 and Berg and Brem, 1990) Eagles minimum essential medium

(Bagger er al., 1987) Hams F-10 medium (Shea et al., 1976 and New comb er al., 1978).
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Hams F-12 mcdil,xm (Fukui er al., 1987) \;Vay mouth’s medium MB 752/1 (Edwards,
1965), TCM 199 (Lu er al., 1987; Leibfried-Rutledge, 1986, Sirad et al., 1988;
Schellander, et al., 1989 and Younis et al., 1991). Brackett’s defind medium (Sirad et al.,

ﬁ*;
1986) and modified KRB (€hoi e al.,-1987).

Zhiming ef al., (1990) compared the effect of different media on in vitro

maturation rate of mousc and goat follicular oocytes and found that WM was the best
culture media for in vitro maturation of fr}ous{o(;éytes and the mD-PBS was the worst
for the goat oocytes. On contrary Chauilan and Anand (1991) stated tha-t there was a
similar result on the three basal media like Dulbecco’s phosphate buffer, Kreb’s - Ringer

bicarbonate and Hams. F-12, with Hams F-12;being slightly better.

In other stﬁ&ies Singh er al., (1989) in buffalo and Garcia et al., (1988) in cow
con;parcd the efficiency of Hams F-10 and TCM 199 media on the maturation rate of
;‘ollicu]ar oocytes in vitro and found that there was no significant difference between the
Hams F-10 and TCM 199 media. On contrary Totey er al., (1991) stated that Hams F-10

has better maturation rate 63.3 per cent than TCM 199 medium (39.6 per cent).

Kim et al., (1990b) reported that the highest in vitro maturation rate (88 per cent)
was obtained in medium TCM 199 containing 10 per cent ECS than Kreb’s-Ringer buffer
and Hams F-10 media. But, for Pig oocyte maturation, Kreb’s Ringer bicarbonate buffer *

had higher rate of maturation than TCM 199 (Koppany ef al., 1990).

Sreenan (1978) discussed the major inorganic ions like sodium, potassium,
calcium, magnesium, chloride, phosphate, sulphate and bicarbonates needed for ova
culture media. Principal function of Na™ and ClI" was to maintain the osmolarity of the

culture media. The effect of all these major inorganic salt constituents except bicarbonates
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have been systematically examined by Wales (1970) in the case of mouse ova. Potassium

concentration in female reproductive tract fluid was considerably higher than that in
plasma (Restall and Wales, 1966; Borland er al., 1977). Two media designed for culture
of cattle ova Hiave contained gl_igh level of potassium (Tervit et al., 1972). Calcium ions

play an indispensable role in the initiation of oocyte maturation (Wales, 1970 and

Wassarman and Letcwineau. 1976).

18
1

v

\

Quinn and Wales (1973) and Kane (1275)’havc stated that the main role of
- V
HCO;-in culture media was to function as part of a pH buffer system and-it was also

involved in the metabolism and maturation of oocytes.

!
~1
v

2.7.2 Serum

-

14

Serum was found necessary in the culture media not for resumption of meiosis,
but to promote developmental capacity of oocytes for fertilization (Cross, 1973). It was
observed that a macro molecule present in the serum prevents the hardening of zona

pellucida and helps in cumulus expansion by promoting retention of hyaluronic acid

synthesized in vitro in response to FSH (Eppig, 1980).

Different authors used different source and concentration of serum viz; lg
vegetable protein in 100 ml of culture media (Bagger er al., 1987), blood serum
(Leibfried-Rutledge et al., 1986)3 49_6 per cent bovine serum albumin (BSA) (Rosenkranz
and Lipp, 1989), 3 per cent BSA (Bondioli and Wright, 1983 and Zhiming er al., 1990),
10 per cent BSA (Chauhan and Anand, 1991), 5 per cent Neonatal calf serum (Goto
et al., 1988), Neonatal Pig serum (Nakanishi et al., (1990), 1 per cent Foetal Calf Serum
(FCS) (Nakanishi et al., 1990), 10 per cent FCS (Shea er al., 1976; Agrawal and Polge,

1989, Singh er al., 1989; Berg and Brem, 1990; Nakanishi er al., 1990; Sa}o et al., 1990;

30
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Fukui et al., 1991 and Totey et al., 1991), 15 per cent FCS (Nakanishi er al., 1990), 20
per cent FCS (Rosenkranz and Lipp, 1989 and Schellander er al., 1989), 10 per cent
estrus cow serum (ECS) (Kim et al., 1989; Kim et al., 1990a; Kim et al., 1990b), 20 per
cent Estrous -’Bﬂu;':falo serum (EBS) (Rosenkranz and Lipp, 1989 and Schellander er al.,,
1989), 10 per cent ECS (Kim er aI,., 1989; Kim et al., 1990a), 30 per cent ECS
(Sanbuissho and 'I‘h-r—cfall, 1986; Lu et al., 1987, Ki;n et al., 1989) and 20 per cent EBS

(Totey et al., 1991) were used for in vitro culture of follicular oocyte and variable

/

P

percentage of maturation was attained. -

Menezo et al., (1984) iﬁ human and Saeki e al., (1990) in bovine reported that
serum was not necessar_y-‘ for in vitro maturatign and fertilization. In an another study,
Wright and Bondioli (1981), stated that no mcdia or protein supplement was superior in
promoting in vitro {;crtilization of cattle, sheep and swine oocytes. On contrary,
Sa\nbuissho and Threfall (1986) attained a high rate of early embryonic development by
addition of serum from an estrus cow to the oocyte maturation. When such serum was
added to the medium, the most striking morpholpgical change was the complete expar;sion
of the cumulus cells, including the corona radiata. This was supplemented by the findings
of Epping and Schroeder (1986) that the presence of a high molecular weight compound
of serum was essential during oocyte maturation in cattle culture in order that the ova
become fertilizable. Kajihara et al., (1987) studied the effects of various serum

concentrations in the culture medium on in vitro fertilized bovine embryos and found that

2.5 per cent of the serum was optimal.

This was confirmed by the findings of Nakao and Nakatsuji (1990) who showed

that 2 per cent FCS was better than 10 per cent during early phase of culture. Xu er al.,

(1987) observed that one of the reasons for this high success rate of bovine oocyte

31
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maturation rate might be due to the addition of serum from estrous cow to the maturation

medium.

Mouse oocytes matured in vitro in chemically defined medium were not penetrated
by spennatoiﬁ Addition of‘fetal cal/lr serum to the medium for maturation of oocytes
improved 'theA incidf,ncc of sperm penetration ar.ld shortened the time of enzymic
dissolution of zona pellucida. Without the supplement of the foetal calf serum, the zona
pellucida and/or vitellus was penetrated in only ’i2,per cent of the oocytes, while the

addition of 10 per cent FCS increased this rate to 79 per cent (Choi et al., 1987).

2.7.3 Hormones

A
~ -

Foote and Thibault (1969) reported that steroids and gonadotropins did not
influence resumptio'n,of meiosis in in vitro oocyte maturation. Similarly, Cross and
Brinster (1970) stated that steroids were not necessary for the resumption of meiosis, but
were probably involved in its completion; the incidence of chromosomal abnormalities
at telophase I and M II significantly increased in the absence of steroids. The imporfance

of steroids during maturation was however much more evident in regulating the

biosynthetic events in the cytoplasm and membrane.

The effect of gonadotropins and steroids in vitro was explained by Hillensjo et al.,
(1976). It was observed that by acting on the cumulus cells, the gonadotropins change
their metabolic pathway resulting?r?cnhanccd progesterone production. But the report on
role of hormones for in vitro maturation seemed to be conflicting, making it difficult to
define a generalised mode of hormone action. In an in vitro study in Pig, oocytes from

follicles with low estrogen level failed to undergo normal nuclear and cytoplasmic

maturation and nuclear maturation of oocytes. In sheep in the presence of gonadotropin,



oocytes from small atretic follicles attained high percentage of maturation rate than in

non-atretic follicles in in vitro follicular culture (Moor and Trounson, 1977).

Eppig.and Koide (1978) found that the hormones in increased dose decreased the
. - — .
rate of GVBD and polar boE&y production in vitro.

[}

In shcép; supple!mentation of gonadotropins and estradiol in maturing sheep
oocytes had proved to be essential (Staigmiller ‘irld Moor, 1984). Moor et al., (1985)
found that 46 out of 47 oocytes from shc,ep’fom’iclc cultured without hormonal addition
;:ontained i;ltact dictyate nuclei; but inclusion of FSH and LH in the culture medium

induced germinal vesicle breakdown in 30 out of 39 oocytes (79 per cent).

\
hR -

In bovines, oocytes cultured in the presence of FSH induced cumulus expansion
(Thibault er al., 1:)75) which increased the incidence of oocytes penetration when
compared to untreated control (Ball et al., 1983). On contrary, Dahlhausen ez al., (1981)
and Sirad et al., (1988) stated that the addition of FSH, LH and E, or FSH, LH alorte

(Sanbuissho and Threlfall, 1990) to maturation culture do not -alter the frequency of

nuclear maturation.

Although supplementation of FSH/LH and E, in maturation media has shown a
favourable effect (Younis er al., 1991). Oocytes were routinely matured in the absence
of hormones c'ap;blc of yicldjng__E}_ore than 90 per cent oocytes at M II (Gordon and Lu,
1990). Schcllandcr et al., (1989) studied the effect of hormones FSH, LH and E, and
found that 95 per cent of the cultured oocytes displaced a marked expansion of cumulus

cells characteristic of maturation of ova whereas without hormones, only the outer layer

of the cumulus expanded.

-
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Younis er al., (1991) reported that thé presence of LH or FSH during goat oocytes

maturation improved both IVM and IVF results over those of the control. Agrawal and
Polge (1989) tested a medium without hormones for in vitro maturation of pig oocytes
and found thit 38.73 per ccr}t".\gf oocytes progressed to M II, whereas 65.2 per cent of the
pig oocytes attained M II in a medium supplemented with foetal calf serum and hormones

(Cheng, 1985).

A2

Mattioli er al., (1990) indicated that bo/t!l/ L.H-and FSH can influence the membrane

. e
potential of follicular somatic cells and the oocyte.

Zuelke and Brackett (1990) found that luteinizing hormone was shown to enhance
3
maturation of immature-oocytes. Further, he reported that enhancement of viability of

oocytes with 50 pg LH/ml.

\ Saeki er al., (1990) stated that there was no difference in maturation rate of bovine
oocytes in media containing commercially z;vailable FSH than standard FSH (NIADDKO
FSH-1). Rosenkranz (1991) studied the effect of 17-8 estradiol on the in vitro mz;turation
of follicular pig oocytes and found that media with 178 estradiol caused a light
microscopically detectable better cumulus expansion. The viability of the ooplasm was
proved to be better in the experimental group than in the control group with no influence
on the nuclear malturation. (Rosenkranz and Lipp, 1989). The fertilization rate of oocyte,
cultured in the medium supplemented with FCS was higher than that of oocytes cultured
in medium supplemented with ECS or in no serum (Mochizuki, 1991). However, while

-cxa,miniﬁg FCS versus ECS, it was found that higher proportion of oocyte fertilization

after maturation in media containing 20 per cent ECS than 20 per cent FCS. On contrary,

Kim et al., (1990b) stated that 10 per cent ECS in TCM 199 promoted a higher



390

0 \ - 7/’ . . ~
proportion of penetrated oocytes than-15 and 20 per cent ECS. Sanbuissho and Threlfall
(1990) found that the addition of both ECS and FCS to the culture medium promoted:
oocyte maturation. Similarly, Totey er al., (1991) stated that there was not much of

diffcregg_g in maturation rate of buffalo follicular oocytes cultured in 10 per cent FCS and
£

o
f s

20 per cent EBS (66.8 and 64.9 ;_)cr cent respectively).

Sanbuissho ‘_(1989) studied the influence of bovine serum albumin, estrous cow
~ serum and foetal calf serum on in vitro bovine oocyte maturation and found that all serum

~
supplements increased the proportion”of oocytes undergoing cumulus expansion.

The effect of various other hormones like progesterone (Shea et al., 1976;
Prokofev et al., 1986), testosterone (Prokofev et al., 1986) and PGF, o (Yablonski ez al.,

1987) have been found to have stimulatory effect on in vitro oocyte maturation and

4

fertilization.

2.7.4 Follicular cells

Experiments by Tsafriri and Channing (1975) demonstrated that a gradual addition
of cumulus cells to a culture of follicule free oocytes inhibits their maturation in a dose
dependent manner. In a similar study, presence of 7 day culture granulosa cell monolayer
(Sirad and Bilodeau, 1990) in a culture media reduced the maturation rate. This inhibitory
effect may dépend upon the source and age of the follicular cells. The follicular cells
from medium size follicles ’\;é—r‘e having higher inhibitory effect than cells from large size
follicles (Park et al., 1990). This transient delay in meiotic resumption probably result in
the presence of an oocyte maturation inhibitor was first reported by Tsafriri and Channing
(1975). If the addition of supplementary cells during oocyte culture was delayed until

after a period of more than 45 minutes of meiotic commitment occurs in bovine, then the
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problem of meiotic delay can be avoided,” because if once meiotic commitment occurs

spontaneously, nuclear maturation becomes irreversible by currently known method. of
meiotic inhibition (Gordon and Lu, 1990). Yoon er al., (1989) reported that addition of

matured grinulosa cells hgq’msulmd in highcr maturation rate than control.

The specific changes in protein synthesis and protein phosphorylation of ‘the
cumulus cells during maturation (Kastrop et al., 1990) was by the soluble factor produced
by the follicular cells in the culture mcdia. rslqglrcd a direct cell oocyte contact. Oocytes
surrounded by cumulus cells for more thgn/ one third of their surface and ovary yielding
more than 30 oocytes were effectively matured in vitro by htilisihg a co-culture system
with bovine cumulus cells (Goto er al., 1988‘; 1991). Since the formation of perivitelline
space with loss of é&ntact between the cﬁmulus cells and oocytes followed by the

resumption of meiosis as defined by germinal vesicle breakdown (Kruip et al., 1983).

Presence or absence of cumulus cells in vitro culture did not affect the fertilization rate

)
(Whittingham, 1977).

2.8 CUMULUS CELLS EXPANSION AND OOCYTE MATURATION RATE

When ‘the oocyte matures, it does not need any support for cumulus cells and
cumulus cells expand as a result of loss of connection between cumulus cells and oocyte

cytoplasm (Donahue and Stern, 1968). Hence the morphological appearance of the

36

cumulus mass surrounding the-oocyte had a significant relation to the maturation statg of

the oocyte. Bedirian and Baker (1975) found that fewer than one per cent of oocyics
| surrounded by a compact cumulus underwent nuclear maturation, whereas 81 per cent of
these with an expanded cumulus underwent nuclear maturation. A similar findings was

made by Loos et al., (1989) that the cumulus investment of the oocytes in M II was
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always expanded, oocytes with a compact cumulus investments remzined in GV stage of

developmient in vitro. This cumulus expansion was induced with FSH (Thibault et al.,

1975a) and serum (Sanbuissho and Threfall, 1986).

T

- D:j.ﬁ

Sanbuissho and Threfall (1986) stated that the most striking morphological change
was the complete ‘expansion of the cumulus cells including the corona radiata, when

v -
serum was added to media.

¢ -~

g

A similar expansion of cumulus arid corona cells in in vitro matured oocytes were

made by several authors (Motlik, et al., 1986; Xu, er al., 1986b and Loose, et al., 1989).

Dahlhausen et al., (1981) reported th;lt <3 mm and 3-6 mm categories follicles
contained a greater proportion of oocytes with compact or only slightly expanded cumulus
as compared with follicles in the >6mm category. Follicles of >6mm size contained a

majority of oocytes with a fully expanded cumulus mass.

Ball ez al., (1982) stated that hyaluronic acid is produced by bovine cumulus cells
during the expansion process and this prepares the sperm for fertilization. This was
confirmed by his another study (Ball e al., 1983) that the percentage of FSH or cAMP
increased the incidence of oocyte penetration. This might relate to the physical barrier
present to spermatozoa by expanded cumulus cells.

er——

Sirad et al., (1986) found that the percentage of oocytes with expanded cumulus
cells were varied according to the types of serum added to the media, 56, 45, 57, 34 and
33 per cent of oocytes with expanded cumulus cocytes were attained in media containing
10 per cent serum from heifers 2 days after supcrovulation,vscrum collected from cow 2

days after natural service, FCS, tubal secretions and rabbit tubal secretions respectively.
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Olson et al., (1990) stated that the percentage of cumulus expansion and cleaved

rate was not correlated. The percentage of cumulus expansion and cleaved was 3, 64, 2

and 52 per cent and 52, 8, 13 and 25 per cent in control, media containing FSH, heparin

and heparin‘plus FSH respectively.

2.9 SETTING OF CULTURE

The volume of the culture media and nu@cr of :oocytes in the media had great
jnﬂuence on oocyte maturation rate. New .(i"og; etal, (1978), Lu etlal., (1987) and Goto
etal., (198E_§) cultured 10-90 oocytes in 1-2.5 ml of culture media which was covered by
paraffin 0il or without cover and the same attained variable percentage of maturation.
In another method, ShiOya (1988),. Leibfriedii{utledgc et al., (1989) Schellander et al.,
(1989) and Olson et-al., (1990) used drop of culture media varying from 50 pl to 0.2 ml

and attaincd the same results as above.

)
Leibfried-Rutledge et al., (1989) studied the effect of number of oocytes/drops of

culture media on its maturation rate and found that the maturation rate was reduced from
81 to 71, 49 and 32 per cent in drops containing 10, 20, 30 and 40 oocytes respectively.
In an another study, the oocytes kept in small drops of media under paraffin oil in
petridishes failed to achieve germinal vesicle breakdown when kept in the ordinary

incubator, because of the insufficient amount of carbondioxide necessary for maturation

-—

of proper pH.
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, CHAPTER 3
= MAJ‘ERIALS AND METHODS
3.1 EXPERIMENT I
3.1.1 Experimental r;xaterial
/‘,/
e

Normal ovaries of non-descript pluriparious buffaloes at a random stage of

reproductive cycle were collected from slaughter house for the study.

— . - -\
One hundred and eighty one pairs of ovaries were collected from July 1988 to
June 1989, transported to the laboratory in physiological saline within 30 minutes after
slaughter at 30-38°C temperature. Biometry of the ovaries, corpus luteumn and follicles of

four stages of the estrous cycle were studied.
3.1.2 Classification of the estrous cycle

Based on the corpus luteum (Ireland et al., 1980) and characteristics of the ovary

during cycle (Zemjanis, 1962), the estrous cycle was fixed into the four stages.

3.1.2.1 Stage I: Days 1to 4

T

The corpus luteum appeared red due to the filling of blood with loosely arranged

éclls,and presented a rough surface. The corpus albicans were identified in one of the

ovaries.

-
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3.1.2.2 Stage II : Days 5 to 10
_ A fully formed brown coloured corpus luteum with vascularity visible around its
pcriphcryﬁapd on bisecting, the lobulation was not well formed. The apex appeared red
Yol

or brown and the rernindé{rm part flesh in colour. The diameter of the corpus luteum varied

from 0.5 to 2.0 cm.

).

3.1.2.3 Stage III : Days 11 to 17

-

//

Pe

s
The vascularity was visible over the apex of the corpus luteum and on bisecting,

the entire corpus luteum was flesh coloﬁred with good lobulation. The diameter appeared

to be unchanged. A

3.1.2.4 Stage IV Days 18 to 20

The ovary contained one large follicle and a regressed corpus luteum. The corpus

luteum was grey or white in colour with no vasculature visible on its surface. The

diameter became less than 1 cm.

3.1.3 Biometrical studies

3.1.3.1 Ovary

Length in cm (Pole to pole)
Width in cm (Surface to surface)
Height in cm (Hilus to free border)

Weight in g

40
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Length, width and height of the ovaries were measured as mentioned above with
the help of vemnier callipers with an accuracy of 0.02 mm. Weight (g) of right and left
ovaries were recorded in a monopan balance after trimming the extraneous tissue of each

ovary. The size'of ovary was calculated by using the formula of Singh and Singh (1988).
. &

-

3.1.3.2 Corpus luteum

After noting the blood supply and colour,» E}p externally visible portion of corpus
luteum was gently squeezed out from the,oGaQan surface and the weight was taken by
;lsing a mo_nopan balance. After making mid-line section of corpus luteum mass, the
colour inside was observed and the final length was measured by vernier callipers, reading
corrected to 0.02 mm. The diameter of the ‘c\:orpus luteum at the widest portion was

measured. The fluid filled cavities (Lacunae) were noted, if present, in the cut surface of

the corpus luteum.

\

3.1.3.3 Follicles

The number of follicles visible as transparent were identified and counted in each
ovary and their diameters were measured, using the average of three measurements taken
with a dial vernier calliper and grouped according to size into groups of < 2, 3-5, 6-10

and > 10 mm in diameter.

Follicles with more than I ml of fluid on visual inspection, were aspirated by
using 2 ml glass syringes with 18G hypodermic needle, whereas the follicles which
coﬁtaincd less than 1 ml of fluid were aspirated by 1 ml tuberculin syringes with 21G
hypodermic needle. Volume and colour of the fluid were recorded then fluid taken in a

grease free glass slide and examined under a stereomicroscope (10 x for isolation, 25 x

h=



for character
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of cellular investment). The same slide was focussed under binocular

microscope in which the stage micrometer was fixed to observe ooplasm characterisation

and oocyte diameter. The number of oocyte recovered and their characterization in

_relation to the stage of the-cycle and: their ipsilateral or contralateral relationship to the

most recent corpus luteum were recorded. The catagories possible for investment and

ooplasm and score assigned to each category are presented in Table 1 and Plate 2 to 7

(Leibfried and First, 1979; Mahadevan and Fleetham, 1990).

Components

Investment

Ooplasm

—

-

/
_/
Table 1

Classification schemes for evaluating oocyte components

\

Descn-"i‘ption Score
a) Compact, complete, dense cumulus cells around the zona 3
b) Thin, expanded cumulus layer or partially naked oocytes 2
c) Nude oocytes enclosed by Zona Pellucida only 1

a) Uniform distribution of ooplasm granules giving a

dusty appearance 3
b) Evenly filled ooplasm with uneven distribution of
granules coalesce into black bodies leaving clear periphery 2

c) Degenerated ooplasm indicating uneven filling in the Zona,

vacuolation, fragmentation or presence of remnants. 1
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Plate 2 : Qocyte with compact complete cellular investment and even
ooplasm granulus

Plate 3 : Qocyte with compact complete cellular investment and clumped
ooplasm granulus




Plate 4 : Qocyte with partial cellular investment and even granulation

Plate 5 : Oocyte with partial cellular investment and clumped ooplasm
granulus
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Plate 6 : Nude oocyte with even granulation

Plate 7 : Nude oocyte with clumped coplasm granulus




The total score will be maximum of 9 for a complete compact dense cumulus
oophorus around the zona with uniform distribution of granules in the evenly filled

ooplasm of the oocyte and a minimum of 1 for a nude oocyte with degenerated ooplasm.
32 EXPERIMENT 11

Two hundred and thirty five ovaries were brought to the laboratory adopting
standard method of Leibfried and First, (1979). Materials were transported in a

thermocole box within 1 hour after slaughter. The ovaries were kept in water bath at 37°C

. temperature. Collection and processing of oocyte was completed within 4 hour after death

of the animals.
3.2.1 Collection of oocytes

The ovaries were washed twice with phosphate buffer saline (PBS) to remove the
residual blood clots on the surface of the ovary and oocytes were collected by methods
outlined by Bottcher er al., (1989). The rate of recovery, percentage of oocytes in

different scores and its maturation ability were recorded.
3.2.1.1 Aspiration method

The visible follicles on the ovarian surface were aspirated through the ovarian
tssue with the help of sterile 5 ml syringes partially filled with heparinized PBS using
18G hypodermic needle. The ova along with follicular fluid were aspirated slowly. The
content were dropped according to their size in a sterile glass tubes that were kept at 38°C
water bath. After the oocytes settled at the bottom, they were taken out using finely

drawn pasteur pipette into a petridish containing fresh PBS without heparin.

46
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3.2.1.2 Rupture method

- o '

The visible follicles.on the ovarian surface were punctured and the contents
expelled into a disposable petridish (100 x 15 mm Nuclon, Intermed, Denmark)
; e

containing: 10 ml PBS supplemented with heparin to prevent clotting of the follicular

fluid.

3.2.1.3 Dissection method /—
o
The*‘ovan'an surface was dissected with a razor blade into small pieces in a
petridish containing heparinized PBS. Harvested ovarian components were filtered on a

membrane with a mesh of 200 um and the filtrate was collected in a disposable petridish.

3.3 COMPOSIII'ION AND PREPARATION OF VARIOUS SOLUTIONS USED

\ IN THE STUDY
3.3.1 Medium

3.3.1.1 Normal saline (Transport medium)

A total of 9g of sodium chloride (AR) was dissolved in 1000 ml of deionised
triple glass distilled water and supplemented with 50 pg streptomycin and 50 LU.

penicillin per ml. This was prepared fresh each time.

3.3.1.2 Phosphate buffered saline (working medium)

Modified Dulbecco’s phosphzjte buffered saline powder (ca*™, Mg"™ free Sigma
i

Chemical Co, U.S.A.) was dissolved in one litre of deionised triple distilled water and 30

grams of bovine serum albumin (Fi':action V) was sprinkled over the PBS solution,

allowed to dissolve and sterilized thro‘ugh filtration by using a millipore membrane filter



~
(0.45p). It was made into 100 ml aliquotes in a sterile glucose bottle containing

- antibiotics /(Penicillin and streptomycin) and one unit of sodium heparin/ml.

3.3.1.3 Culture medium (TCM 199, Earle’s salt)
. =¥
The nutrient mixture TCM 199 (Earle’s salt - Sigma Chemical Co, USA), was
dissolved in 900 ml of deionised triple glass distilled water and stirred gently. The
original package was rinsed with 50 ml of déioniséd’uiple glass distilled water to remove
/ N \
all the traces of powder and poured into 900 ml solution. The pH was adjusted to 7.2

. using sterile sodium bicarbonate and. osmolarity was adjusted to 290 mOSm using sodium

chloride solution; 50 ml of deionised triple glass distilled water was added to make up

--d

the volume to 1000 ml. -

-
/

The media was sterilized by filtration using a millipore membrane filter (0.45).
Tpc media was aseptically dispensed into sterile containers in which antibiotics (Penicillin
and Streptomycin), 1pg FSH, 10pg LH and 1pg estradiol 17 8/ml with 10, 15, 20 per cent

of foetal calf serum (FCS) or estrous buffaloes serum (EBS) were present and kept at 4°C

temperature until use.

3.3.2 Antibiotics
3.3.2.1 Penicillin stock solution : 300 mg (1670 unit/mg)

Three hundred mg (1670;nit/m’"g) of penicillin G (Sigma) was dissolved in 10 ml
double distilled water and kept frozen at -20°C and 0.1 ml of the solution added to

100 ml of media to yield a concentration of 50 1.U/ml.

48



3.3.2.2 Streptomycin stock solution

A total of 500 mg of streptomycin sulphate (Sigma Co., U.S.A.) was dissolved in
10 ml double glass distilled water and kept frozen at -20°C and 0.1 ml of this solution

added to 100 ml of media tc-yield a concentration of 50 ug/ml.

3.3.3 Serum
3.33.1 Collection of estrous buffalo serum (EBS) :

/ \

rd

s
Blood was collected from the jugular vein of standing estrous buffalo to the sterile
glass tubes in an aseptic manner. The tubes were kept slanting ovérnight at 4°C and serum

was taken out into centrifuge tubes in a laminar flow hood. This was centrifuged at 3000
~4

3

rpm for 20 minutes and the supematent serum was collected and kept at -20°C.

g
f

3.3.3.2 Heat inactivation of serum

y
Estrous buffalo serum was kept in a beaker and was heated at 56°C for 30 minutes

in a water bath; 10, 15 and 20 ml of heat inactivated serum was added to 90, 85, and 80
ml of culture media respectively to yield a 10, 15 and 20 per cent serum supplementation

in culture media.
3.3.3.3 Foetal calf serum (FCS)

Foetal calf senim supplicd'i;y Sigma Chemical Co, USA was thawed and added

as above to get 10, 15 and 20 per cent serum supplementation in culture medium in a

sterile manner.

e
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3.3.4 Liquid Paraffin

[

Liquid paraffin was washed twice with water to purify as much as possible. Extra

water contained in the paraffin oil was evaporated by heating directly over a spirit lamp

ey

and autoclaved at"15 Ibs for 15 minutes. The paraffin was used to cover the media during

culture to prevent water loss from the media.

-

335 Fixative (Carnoy’s fixative) T

/

-7
Methanol and glacial acetic acid in a ratio of 3:1 were mixed thoroughly and kept

in a refrigerater before use. This was prepared fresh each time.

3.3.6 Stain

P
4

One g of orcine powder was dissolved in 45 ml of boiling glacial acetic acid;
55 ml of distilled water was added after cooling and stirred well and filtered by using
Whatman No.1 filter f)aper. The filtrate was centrifuged at 3000 rpm for 15 minutes to

remove the thin particles and the supernatant was kept at 4°C before use.

3.3.7 Paraffin wax-vaseline mixture

Ninety g of vaseline and 10 g of paraffin (60°C melting point) were melted

together to get a medium softness. The mixture was loaded in 2 or 5 ml plastic disposable

/

syringes, cooled and stored at 4°C.
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3.3.8 Preparation of glasswares

1

All the glasswares were cleaned with water and rinsed thrice in deionised triple

glass distilled water, dried and sterilized in hot air oven at 160°C for two hours.

e

-

3.4 IN VITRO MATURATION

»

3.4.1 Preparation and scoring of the oocytes

The medium which contained the gocy/tés/f;om all the three*methods were viewed
“under a stereomicroscope and oocytc's were transferred to petridishes (60x15mm)
containing 10-15 ml of TCM 199 culture medium by using a finely drawn pastcuf pipette
which was connected to a rubber tube and a mouth pipe (Plate 1) to minimize the volume

]

of fluid from working medium to culture medium.

[

The oocytes were graded according to the characterization and scoring was done
i)ascd on the investment and ooplasm condition as per the score card developed. The
maximum score of 9 was given to a complete compact dense cumulus cells with even
ooplasm granules (3 x 3), oocyte, a minimum of 1 for a nude with degenerated ooplasm
(1 x 1) and intermedia score of 6-2 was given to oocytes of compact complete dense
cumufus cells with clumped ooplasm granules (3 x 2), degenerated ooplasm (3 x 1),
partial or expanded cumulus cells with even granulation (2 x 3), clumped ooplasmic
granules (2 x 2), degenerated oc_)p_lgsm (2 x 1), nude oocytes with even ooplasmic granules
(1 x3) and clumpe;i ooplasm granules (1 x 2). They were stained with trypan blue to

determine cell viability. Live unstained oocytes were used for further culture.



Plate 1 :

Microtipped pasture pipette with connection tube

a2



34.2  Oocyte culture

-

TCM 199 culure medium supplemented with antibiotics (penicillin and
streptomycin} and 10 per cent FCS, 1 pg FSH, 10 ug LH and 1 pgE,-178/ml was passed
through a disposable microfilter (0.22 p millipore filter) and placed under incubation of
37°C with a gas phase of 5 per cent carbondioxide in air for a minimum period of two
hours before use. The preincubation of the culture medium was 1o allow equilibrium of

37°C and gas phase of 5 per cent carbondioxide in air.

After washing the oocytes thrice in the culture medium in order to remove the
trypan blue, the classified oocytes were cultured for 27 h in 6 well mutli dishes (Nune,
Intermed, Denmark). The culture was done in 2 ml of medium for 10-20 oocytes (Lu
et al., 1987) at 37°C and 5 per cent carbondioxide in air with 100 per cent humidified
incubator. After 27 hour culture, the oocytes were processed and the number of ococytes

that reached metaphase I1 (M II) under various scoring system recorded.

3.4.3 Denudation of cocytes

Preparation of fine tip glass pipette : Using a low flame, a series of micropipettes
of graded sized tips were hand-pulled from sterile 9 inch pasteur pipettes. Using a sterile
microforceps the tip of the drawn pipette is broken back until the pipette diameter was
slighyly larger than that of egg/corona mass. Care was taken so that the tip of the micro

pipette was not too small, because distortion of the egg could result.

The egg and corona mass were aspirated in and out of the pipette until the corona

cells were mechanically dislodged to allow a clear view of the cytoplasm of the egg.

03



344 Preparation for chromosomal studies

3.44.1 Wet mount slide preparation

In between the two lengthy rides of paraffin wax vaseline mixture prepared over
a grease free clean glass slide, the PBS washed denuded oocytes were transferred with
a minimum volume of media and covered with a rectangular coverslip. Gentle and
uniform pressure was given over the cover slip, so that it just touched the oocytes and the
coverslip was placed in posidon by using melted wax along the lengthy sides of the
coverslip and glass slide. Media was passed in between the coverslip and glass slide to

keep the oocytes in position and prevent damage.
3.44.2 Fixing and Staining

The processed slide was dipped gently in methanol and acetic acid (3:1) fixative
and allowed for 24 hours to fix the oocytes and then stained by gentle stream of 1 per

cent acetoricine stain in between the coverslip and glass slide for about a mjnute to study

nuclear changes.

P
-~ *

Studies on chromatin changes such as germinal vesicle (GV, Plate 8), Metaphase
I (M1, Plate 9), Metaphase II (M II (Plate 10) and degenerated (Plate 11) were conducted

by the following classification.
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3.4.4.3 Stages of oocyte maturation

3.4.4.3.1 Germinal vesicle

The large nucleus was located eccentrically or peripherally. The nuclear membrane
was intact, and the nuclear area quite distinct. The chromatin strands were arranged in the

form of a ring of horse shoe around a single large nucleolus again eccentrically placed.

3.4.4.3.2 First metaphase

There was no trace of the nuclear membrane. The chromosomes were formed and
arranged in an orderly sequence on the equator of a bipolar spindle. The long axis of the

spindle was oriented radially to the surface of the egg.

3.4.4.3.3 Second metaphase

k The first polar body has been abstricted from the egg (second oocyte) and the

chromosomes of the latter were once more arranged on the equator of the spindle.

3.5 EXPERIMENT III
3.5.1 Classification of different types of oocyte and preparation of media with

various supplements

Five thousand six hundred and twenty eight oocytes were classified into 9 types
based on cumulus cells (compact, partial and nude) and coplasm condition (even, clumped

ooplasm granules, and degenerated ooplasm) as follows.

Type 1 : Compact, complete dense cumulus cells around the zona with even distribution

of ooplasm granules.

55



Plate 8 : GV stage

Plate 9 : MI stage



Plate 10 : MII stage

Plate 11 : Nude oocyte with degenerated ooplasm



Type 2 :

Type 3

Type4:
Type 5 :
Type 6 :
Type 7 :
“Type 8 :
Typ<;9:

~

Compact complete dense cumulus cells around the zona with clumped ooplasm

~ granules leaving clear periphery.
: -Compact complete dense cumulus cells around fhc zona with degenerated
“Goplasm. -

Partial cumulus cells with even distribution of ooplasm granules.

Partial cumulus cells with ciumped ooplasm granules leaving clear periphery.
Partial cumulus cells with degenerated ooplasm.

Nude oocytes with even dism))gtiorﬁ% ooplasm granules.

Nude oocytes with clumped ooplasm granules leaving clear periphery.

Nude oocyte with degenerated ooplasm granules.

All the nine types of ococytes were éurbjccted to the following five treatments (T)

in two types of sera (group I and II) with a common control for both the groups.

‘GROUP T

T, TCM 199 + 10 per cent FCS

T, TCM 199 + 10 per cent FCS + 10 pg LH/ml

T, TCM 199 + 10 per cent FCS + 1 pg FSH/ml

T, TCM 199 + 10 per cent FCS + 1 pg E, - 17 B/ml

Ts TCM 199 + 10 per cent FCS + 10 ug LH + 1 ug FSH + I ug

E, -17 B/ml

GROUP I

T, TCM 199 + 10 per cent EBS

T, TCM 199 + 10 per cent EBS + 10 ug LM/ml

T, TCM 199 + 10 per cent EBS + 1 pg FSH/ml.

T, TCM 199 + 10 per cent EBS + | ug E, - 17 8/ml

08
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Ts TCM 199 + 10 per cent EBS + 10 uyg LH + 1 pug FSH + 1 ug

E, - 17 B/ml

The culture_was done in 2 ml of media with 10-20 oocytes in 6 well multidishes
for 27 h under 5 per cent carbonﬁide in_air with 100 per cent humidity at 39°C. At the

_ end of the culture period, the oocytes were examined for maturation (M II).

-

3.5.2 Different concentration of serum

-

o

e

e
" In part second of this experiment, seven hudnred and twenty six oocytes were

aspirated from 2-5 mm diameter follicles with an intaét unexpanded cumulus and evenly
granulated ooplasm were includcd for study. MatE{ation in ‘vitro was accomplished in
TCM 199 media supplemented with {0 ug LH/ml, llug FSH/ml, 1 ug E,ml and with 10,
15 or 20 per cent of FCS’ or EBS and studied their maturation rate. The culture condition

was similar to that of experiment III.

3.6 EXPERIMENT IV

3.6.1 Cumulus cells expansion and oocyte maturation rate

Six hundred and fifty one cumulus oocyte complexes (COC) aspirated from

2-5 mm diameter follicles were subjected to maturation in the following media.

1. TCM 199 + 10 per cent.ECS
2. TCM 199 + 20 per cent EBS
‘3. TCM 199 + 1 ug FSH/ml

4.  TCM 199 +1 ugE, - 17 B/ml

Culture conditions were similar to that of Experiment 111.
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After 27 h of culture, the cocytes were reexamined under the stereomicroscope at 50 x

and rolled during examination. The number of expanded cumulus oophorus oocytes under

different media and the percentage of germinal vesicle breakdown (GVBD) were recorded.

i

3.6.2 Setting of culture

[

Tpn, 20, 30 and 40,”C'OC were either distributed in 2 ml of culture media or in the 100
ul drops of culture media under paraffin oil in 6 well multidishes. The petridishes were-partially
opened to facilitate the air circulation. The culture media was TCM 199 supplemented ‘with 10
ug LH, 1 pg FSH and 1 pg E, - 178/ml. Ty/e/ culture was done at ‘:’57°C in a gas phase of 5 per

. 3 - . . / - - . i
. cent carbondioxide in air with 100 per cent humidified incubator.

Each individual combination was replicated 3 times with proper control for each replicate.

After 27" h, the colour of the _rr‘xe‘d_ia and ﬁl;rcentage 6f the maturation of the oocytes were

recorded. _

/

3.7 STATISTICAL METHODS

The data collected were analysed as per standard procedure prescribed by Snedecor and

Cochran (1967).



CHAPTER 4

RESULTS

4.1 BIOMETRY OF OVARIES '

The average length, width, height, weighi and volume of right and left ovaries in

3

the four stages of estrous cycle are prcscnté(f in Table 2. The preliminary analysis showed

no significant variation in the biometry of ovaries between sides.

The mean length of nght and left ovanes in four stages of the cycle were 1.88 *
0.05, 2.27 £ 0.04, 2 15 + 0.06, 191+007 and 1.89 £ 0.02, 2.14 £ 0.05, 1.99 + 0.07 and
1.89 £0.09 cm respcctlvely. In both the ovaries, the length was maximum in the second
stage of the cycle and was the least during the first stage. The length increased from first
to second stage of the cycle and gradually decreased to the fourth stage. Analysis of
variance (Table 3) however, revealed no significant variation in length at different stages
of the cycle. The overall mean length of right and left ovary was 2.06 + 0.03 and 2.0 £

0.04 cm respectively. There was no siginificant difference in length of the ovaries

between sides.

The mean height of the right and left ovaries noted was 1.60 £ 0.02 and
1.51 £ 0.03 cm respectively. On right side, the maximum height was 1.79 £ 0.04 cm
during the second stage of the cycle and it gradually decreased to 1.64 £ 0.05,
1.52 £ 0.04 and 1.43 £ 0.02 cm in III, IV and I stages of the cycle. For the left ovary,

the height was maximum during the III stage of the cycle with 1.61 £ 0.06 followed by

é)
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II stage of the cycle (1.51  0.05) and the same was the least during the first staée of the
cycle (1.41 £ 0.06). Hence, in both the ovaries the height was the least during the I stage
of the L:yclc. Tough there was a slight variation in the height of both sides of the ovaries,

the statistical analysis revealed no significant difference in height between the stages of
o

the cycle (Table 3).

The slight variation in length and height of the ovary between the stages of the

cycle might be due to the presence of cyclic corpus luteum or the follicles in the ovary
L~ R
/ Y

v

as the case may be.

The mean width of the right and'lcft ovaries in four stages of the cycle was
1.32 £ 0.04, 1.39 + 0.04, 1.38 + 0.04, k31 + 0.05 and 1.29 + 0.04, 1.31 + 0.04,
1.35 + 0.05 and 1.25 + 0.06 cm réspectively\. The mean width of the right and left ovaries
was found to be',1.35 * 0.03 and 1.30 £ 0.03 cm respectively. The width was almost
equal in all the four stages of the cycle and between the sides. Statistical analysis

(Table 3) revealed no significant difference in width between the four stages of the cycle.

The average weight of the right and left ovaries were 2.86 + 0.06 and
2.77 £ 0.06 gm respectively with a range of 0.55 to 4.92 g. The mean weight of the right
and left ovaries in the four stages of the cycle was 2.67 £ 0.09, 2.97 £ 0.12, 3.01 £ 0.11,
2.79 £ 0.10 and 2.66 £ 0.08, 2.86 + 0.10, 2.89 £ 0.13 and 2.65+ 0.13 g, respectively. The

¥
weight was almost equal in II and III stages which was higher than the weight in I and

IV stages of the cycle. But on critical analysis between I-II, I-III and IV-II, IV-III stages,
‘the same revealed no significant difference. This showed that the ovarian weight was

maximum during the second stage of the cycle and maintained as such till the end of the

Il stage of the cycle and decreased in the subsequent stages of the cycle, because the

e

N~
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subsequent results of this study showed that the corpus luteum weight decreé\sed in the
IV stage of the cycle. This decrease in weight of the corpus luteum was partially

compensated by the developing follicle so that there was no significant difference between

the III and IV and I stages of the cycle.

-

The mean volume of right and left side ovaries in four stages of the cycle were
7.52 £ 0.63, 10.79 £ 0.97, 9.20 £ 0.63, 7.56 + O.’;6 and 7.21 £0.05, 8.59 + 0.69, 9.51 +
1.24 and 8.00 £ 0.82 mi respectively. The ‘ovcr'all’ mean volume of right and left sidc‘
ovary was 8.78 + 0.40 and 8.34 O.M'.ml'/rgcctivcly. Statistic‘z\ﬂ analysis (Table 3)

revealed that there was no significant difference between the sides and stages of the

ovary.
-\

The correlation co-cfﬁciérits between d{ffcrcnt biometrical parameters of both the

sides of the ovary i'r’1’four stages of the cycle studied are presented in Table 4. Correlation

c\ocfﬁcicnts between length and height of both right and left ovaries at Iland III stages

alone were not found to be significant while all others were found to be significant at 5

per cent or 1 per cent level.

42 CORPUS LUTEUM

The measurments and weight of the corpus luteum during the four stages of the
cycle are given in Table 5. The average length of the corpus luteum during the four stages
of the cycle were 0.68 +£0.02, 1472 0.03, 1.27+£0.2and 094 £ 0.02 cmin I, II, IIi and
IV stages respectively. The overall mean length was 1.09 1 0.01 cm. The length was
muimum during the II stage of the cycle and tended to remain relatively constant in the

I11 stage of the cycle and reduced during the IV stage of the cycle.

~.

~
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The diameter and weight in I, II, IIT and IV stages of the cycle were 0.62 + 0.02,
1.01 £ 0.03, 1.04 £ 0.02 and 0.87 + 0.02 cm and 0.75 £ 0.03, 1.13 £ 0.01, 1.11 £ 0.01
and 0.77 i 0.03 g respectively. Similar to the length, the diameter and weight were
maximum during the second and third stages and decreased at IV and I stages of the
cycle. Analysis of variance dfingth, diameter and weight of the corpus luteum revealed
that differences between stages were highly (p < 0.01) significant as shown in table 6.
Critical analysis of the data between II and I‘II stage of the cycle revealed no significant
difference in diameter and weight while the sarn/e/[;etween I-11, I-111, .\IV-II, IV-III stages

~

significantly differed. The overall mean dia{neter and weight of the corpus luteumn was

0.89 £ 0.02 cm and 0.93 *+ 0.01 g respectively.

Externally the colour of the corpus luteufp was observed as bright red in the first
stage of the cycle, flesh colour with reddish tip in the second stage, tan in the third stage

and grey or white in the fourth stage of the cycle.

43 FOLLICLE
4.3.1 Follicular dynamics in relation to

4.3.1.1 The different stages of the cycle

Follicles at different stages of the estrus cycle are shown in table 7. The mean
number of follicles on the ovarian surface was 3.83 and 3.45 in the right and left ovaries
respectively. Total number of follicles in right and left sidé of the ovary was not
signiﬁcanﬁy different. The mean r::r:ber of follicles was more viz., 4.18 £ 0.11 during

the IV stage of the cycle than in other stages of the oestrous cycle. In the second and

third stages, numbers of follicles of 3.41 + 0.11 and 3.39 + 0.12 respectively were almost
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equal and little less than the I stage of the cycle with 3.59 + 0.13. Statistical analysis

revealed that the difference in four stages of the cycle: was not significant (Table 8).

Mean number of follicles with (< 2 mm diameter) in four stages of the cycle were
0.96 + 0.12,70.39 + 0.11, 0.67 * 0.08 and 1.27 + 0.09 respectively. Mean number of
< 2 mm follicles was more during the IV stage of the cycle which gradually decreased

toI and II stagevof the cycle. There was again an increase in the number of follicles in

the I stage of the cycle indicating that there was two waves of follicular activity in ‘

-

— Nyye .
buffalo ovary. The difference in total numb/crf‘('if < 2 mm diameter follicles in four stages
of the cycle was statistically highly significant (p < 0.01) (Table 8).
Mean number of 3-5 mm diameter follicles in four stages of the cycle were
—\
1.74 £ 0.13, 1.91 + 0.11, 1.55 £°0.09-and 1.54 % 0.10 respectively. The changes in the

diameter during diffefent reproductive stages were not significant. However, the number

of 3-5 mm diameter follicles was more during the second stage of the cycle.

Mean number of 6-10 mm diameter follicles in four stages of the cycle were
0.79 £ 0.13, 0.95 + 0.12, 0.88 + 0.09 and 1.07 £ 0.11 respectively. Though there was
slight variation in the number of 6-10 mm diameter follicles in four stages of the cycle
the same was not found to be significant. Similarly the mean number of follicles of
> 10 mm diameter in four stages of the cycle were 0.14 + 0.08,0.18 £+ 0.07, 0.29 + 0.05
and 0.31 + 0.06 with the difference being not significant. The diameter of the largest

follicle observed was 2.1 cm.
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4.3.1.2 The different months of a year

Total number under different diameter ranges of follicles observed in 16 pairs of

ovaries per month for a period of one year from July 1988 to June 1989 are shown

monthwise i table 10. s

-

Follicles with different diameter ranges were present on the ovarian surface
throughout the year, but the total number of, folliglcs per ovary and number of follicles
in each diameter ranges were variable in djffgtentﬁz)nths of a yca};\ The mean number
of follicles per ovary from the month of J'u/ly 1988 to June 1989 was 3.94, 4.15, 4.06,
4.25, 4.72, 4.69, 4.53, 3.78, 341, 3.22, 3.03 and 3.81 respectively. Total number of
follicles per ovary was maximum during the m(ﬂth of November and was the least during
the month of May. It was almost constant duﬁng the months of October to January. This
revealed that the ovar'iz/m activity was peak during this period of the year. After January,
there was a steady decline in the mean numbér of fol}iclcs per ovary upto the month of
May. This might be due to the rise in temperature and low rain fall during this period as
shown in table 9. From June onwards, there was a slow increase in the total number of

follicles per ovary. Though there was a variation in the mean number of follicles

throughout the year, it was not statistically significant (Table 11).

Total number of follicles in follicular diameter range of £ 2 mm was found
steadily increasing from the month of August to January to 26, 31, 37, 29, 36 and 27
respectively in 32 ovaries indjcaur;g:.that more number of follicles were recruited for
dcvclopm:nt because of reduction in ambient temperature and increased rainfall (Table 9)

during this period. Similarly mean number of follicles in follicular diameter in the range

of 6-10 and > 10 mm also increased from August to January.
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The follicles of 3-5 mm diameter range was almost constant throughout the year.
Statistical analysis revealed that various months in a:. year significantly affect the

t

development of various follicles of different diameter ranges, but with in ecach range the

months had no effect (Table 11).

i

Fluid filled cavities (Lacunae) were seen in 35 out of 327 dioestrous corpura lutea
(10.7 per cent) examined and none of the corpus luteum of follicular phase was found

L]

with a lacunae. ,
/// k\
. Ve
4.3.2 Follicular contents
4.3.2.1 Follicular fluid

3

The colour of the follicular fluid w;; straw yellow and slightly viscous. The
viscosity was not constant in follicles of different sizes and was observed to reduce as
follicle size increased. The mean volume of follicular fluid in different size is shown in
ﬁg.l which indicates that there was a gradual increase - in the volume of fluid as the
diameter of the follicle increased. The fluid voiumc was constant in follicular diameter
of 6 and 7 and thereafter there was a steep rise in the volume of the fluid. The maximum
fluid volume collected during this study was 1.26 ml in a follicle with a diameter of
2.1 cm. The mean volume of the follicular fluid in 3-5, 6-10 and > 10 mm diameter -
follicular ranges were 0.033 £ 0.001, 0.103 + 0.009, 0.464 + 0.049 ml respectively. The

volume of the fluid in <2 mm diameter follicles was negligible.

—p

4.3.2.2 Diameter of the oocyte

The mean diameter of the buffalo follicular oocyte was 157.37 + 1.82 p with a

range of 130-169 p. The mean diameter of the oocyte in different follicular ranges of <
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2, 3-5, 6-10 and > 10 mm were 156.87 + 2.59, 156.53 * 0.61, 158.96 0.95 and 157.13
* 1.94 p respectively (Table 12). Analysis of variance showed that there was no

signifcant difference in oocyte diameter betweeen different diameter ranges.

Mé;n diameter of :lie zona pelluceda was 26.16 + 0.27 p. The same in different
follicular diameter ranges were almost constant with 26.15 + 0.28, 26.05 * 0.34,
26.15 £ 0.28 and 26.28 + 0.16 Q. This indicating ;hat there waé no change in the diameter
of the zona from follicies of < 2 mm to the preovulatory size. In only one oocyte out of
1672 oocytes examined, the diameter of the zona pelluceda wag 39 w.. In an another

oocyte the diameter of the zona pellucida was normal but the diameter of the ooplasm

was 169 i. The mean diameter of ooplasm in different follicle ranges of < 2, 3-5, 6-10

and > 10 mm sizes were 130.89 % 2.59, 130:39 + 0.60, 132.81 £ 0.94 and 131.55 £ 1.71

respectively.  _
4.3.2.3 Qocyte recovery rate

The mean percentage of oocyte recovery was 57.33 + 5.54. The recovery rate in
different stages of the cycle were 56.30 £ 2.01, 58.51 + 4.35, 57.95 + 7.62 and 56.55 +
7.63 per cent in I, II, III and IV stages of the cycle respectively (Table 13). The recovery
rate was almost equal and not much difference was noticed between the 'stages of the
cycle, but the recovéry rate was low in follicles < 2 rrim diameter (19.43 + 5.31) and
moderate in follicles above 10 mm diameter (65.95 + 7.38). There was no difference in

.

the recovery rate of follicular diameter range of 3-5 and 6-10 mm (70.71 * 7.65 and

73.24 £ 6.28 per cent respectively (Fig.2).
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4.3.3 Characterization of the ococyte in relation to -

4.33.1 Size of the follicle

Follicles of 3 to 5 mm diameter tended to have high proportion of oocytes
(63.92 per ;nt) possessing =-compact, complete investment than 6-10 and > 10 diameter
follicles. As the follicle size increased, it was observed that the percentage has gradually
decreased to 54.59, 36.17 per cent in 6-10 and >‘ 10 mm diameter follicles respectively

(Table 14). But it was not significantly different fgom < 2 mm follicles.

\
Y
- R

Vd .
Partial cumulus oophorus oocytes were more i.e. 40.43 per cent in the follicles of

> 10 mm diameter which were highly significant (P < 0.01) from those of ihe o—ther three
groups. But between the first three groups, the percentage of partial cumulus oophorus
oocytes were not significantly different. The I;erccntage of nude oocytes were more i.e.
23.40 in follicular c'ii/amctcr range of > 10 mm. However, statistical analysis revealed that
there was no significant difference in between follicles of different sizes. It clearly

indicated that the percentage of degeneration has increased as the follicle size increased.

The percentage of even ooplasm granules oocytes of < 2, 3-5, 6-10 and > 10 mm
follicular diameter ranges were 57.14, 83.14, 81.19 and 65.96 per cent respectively
| (Table 14). The percentage between 3-5 and 6-10 mm follicular diameter ranges were not
significantly different but with other two groups, the percentage was highly significant.
The clumped oocytes granules in different follicular diameter ranges were 36.02, 14.76,
15.14 and 29.76 per cent. The ;;ccntagc was more in follicles of < 2 and > 10 mm

diameter follicles than other two groups. The percentage of degenerated oocytes in all the

four groups were not statistically different.
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4.33.2 Stage of the cycle

Microscopical examination of the oocytes aspirated from follicles in ovaries at
different stages of the cycle revealed characteristic changes. The observed oocytes were
classified into three groups based on the cellular investment as cumulus-oocyte-complex

(COCQC), Partial and nude oocytes.

The percentages of COC complexes were more i.e. 66.43 + 8.63 and 68.01 £ 4.23
per cent in II and III stages of the cycle respeg_tivclij On éﬂtica_l anélysis, the percentage
of COC complexes between third and sccdﬁd stages were not significantly different, but
the same at first stage (57.11 £ 11.27 per cent) was significantly different in comparison
to that of II and III stages. The percentage of _CLOC complexes of 58.40t 5.63 per cent
in the IV stage of the cycle was not Signiﬂcantl:y different from the I stage of the cycle,
but significantly diffc’rcnt from that of II and III stages. The mean percentage of COC

complex was 62.45 * 6.54 per cent (Table 15).

The percentage of partial cumulus oophorus oocyte or thin corona radiata cell
oocytes were ldw, 14.55 £ 1.14 and 19.0 £ 4.52 in II and III stages of the cycle, where
as it was high in IV and I stages of the cycle with 29.1 + 3.67 and 25.32 + 1.28 per cent
respectively. The percentage of nude oocytes were low in III and IV stages (13.03 £ 1.32
and 12.'5 + 3.12) which gradually increased in I and II stages (17.57 £ 2.75 and
19.01 £ 1.48 per cent). The different types of oocytes in four stages of the cycles were

highly significant (p < 0.01).

The first group oocytes had uniform distribution of ooplasm granules in evenly
filled ooplasm. In the second group, there were clumped ooplasm granules in the evenly

filled ooplasm. Oocytes with degenerated ooplasm were observed to be in the third group.
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Except first stage, the percentage of even granulation oocyte was more in other
three stages as shown in table 15. The percentage of even cytoplasmic granular oocytes
in I, II, IiI and IV stages of the cycle were 67.96 + 16.32, 82.63 + 11.18; 81.99.£ 9.01
and 80.33 + 11.12 respectively. Proportionately the clumped ooplasm granules’ oocyfe
percentage was more in fust:tagc (28.88 * 3.12) than in other three stages (14.55 £ 2.74,
14.45 + 2.67, 16.59 *+ 4.42). The percentage of degenerated ooplasm oocytes were almost

constant in all the four stages of the oocyte. The mean percentage of even ooplasm

granules, clumped and degenerated ooplasm ’o/ocytes were 78.53 + 13.16, 18.38 £ 3.74

‘and 3.09 £ 0.17 per cent respectively.

4333 Presence or absence of corpus luteum

4

\

There was a significant aifferéncc in good quality oocytes collected from ovaries
with corpus luteum ;)r without corpus luteum. The percentage of COC and even ooplasm
granules of ovaries with corpus luteum and without corpus luteum were 76.19 and 64.36
;;cr cent respectively (Table 16). The percentage of COC with even granulation was more
in ovaries with corpus luteum than without corpus luteum. Statistical analysis reveals that
the difference was not significantly different. However the difference between the even
granulation was significant (p < 0.05) between ovaries with and without corpus luteum.
The p;:rcéntagc of partial and nude oocytes in ovaries with and without corpus luteum
were 12:14, 11.67 and 24.12 and 11.57 respectively. The percentage was almost equal in .
ovaries with corpus luteum, but.ovaries without corpus luteum had higher percentage of

partial oocytes than nude which was highly significant (p < 0.01). The percentage of nude

oocytes was almost equal both in ovaries with corpus luteum or without corpus lateum

which was not statistically different.
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The percentage of clumped ooplasm granules was lesser in ovaries with corpus
luteum i.e. 8.76 per cent than from ovaries without corpus luteum with 28.26 per cent.
The pexl‘centagc of oocytes with degenerated ooplasm was almost similar in both the types

of ovaries. The overall effect of the corpus luteum on the ooplasm condition was highly "

~ significant (p < 0.01).

44 ISOLATION OF OOCYTES AND ITS Percentage OF RECOVERY AND

4

MATURATION RATE

// B

s o
Mean number of oocytes liberated from each ovary by aspiration, rupture and

dissection methods were 2.71, 3.09, and 5.57 respectively (Table 17). Thc total number
of oocytes recovered by dissection method was almost doubled when compared to the

\

aspiration method. In rupture method, the number of oocytes liberated were slightly more
than the aspixatio’n method which was, however, not significant. The difference between
aspiration rupture with that of dissection method was more. Statistical analysis showed

3
that the difference was highly significant.

Three major types of oocytes were encountered after aspiration, rupture and
dissection methods. Those oocytes completely devoid of cumulus cells with degenerated
ooplasm was third quality oocyte and oocytes with COC and even granulation was first

quality oocyte. The remaining was second quality oocytes.
: ¢
\

Mean number of first ‘quality oocytes recovery was 1.42, 1.68 and 3.30 in
aspiration, rupture and dissection methods respectively. This clearly indicated that total
‘number of first quality oocytes recovered by dissection method was doubled (Fig.3).
When compared to the aspiration or rupture method and the percentage of COC was

gradually increased from aspiration to dissection methods (52.38, 54.21 and 58.02 per
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cent). The number and percentage of oocytes in second and third quality oocyte was 0.87
(32.04), 1.13 (36.76), 1.02 (17.94) and 0.42 (15.58), 0.28 (9.03) and 1.37 (24.05) by
aspi_ration,ﬁl rupture and dissection methods respectively. Though the pemcnmge of first
quality oocytes were not much different in all the three methods, the third quality oocytes
was high in“d;isscction metkod than in other two methods. This high percentage of third
quality oocytc in dissection method might be due to the release of some of the oocytes

from deeper part of the cortex.

The mean percentage of maturation.of ﬁ;s; quality oocytes to M II was 69.18,
71.65 and "52.56 in aspiration, rupture and dissection methods respectively. Though
majority of the cultured cocytes had returned meiosis as indicated by GVBD or chromatic
changes in dissection methods, only a moderate proportion rc;;chcd M II (Table 18). The
percentage of oocytes completi'ng- II étagc‘ of ‘meiosis in aspiration and rupture methods
were almost similz(r. In dissection method after the germinal vesicle breakdown, most of
them were degenerated. However, total number of oocytes that reached M II per ovary
by dissection method was higher than other two méthods; however, the efficiency of
further growth in in vitro of oocytes collected by dissection method was not clear. This
requires further research to prove the efficiency of maturation rate of COC oocytes

collected by dissection methods beyond maturation I1.

4.5 EFFECT OF SUPPLEMENTS ON OOCYTE MATURATION RATE IN

IN VITRO

—

Inﬂucnoc of foetal calf serum and oestrous buffalo serum and their interaction with

gonadotropins and steroids on the in vitro maturation rate of nine types of buffalo oocytes.

93
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are given in table 19. The rate of oocyte maturation was examined by the arfalysis of

chromosomes in the M II stage.

Only 22.22 per cent of type I oocytes could reach M II when cultured in TCM 199
without 'addigon of serum -5 hormones. The percentage of maturation to M II was
reduced to 18.84 and 11.32 per cent in type 4 and 7 oocytes. The maturation rate was
further reduced to 9.21, 1.92 and nil per cent in type 2, 5, and 8 oocytes respectively.

This indicates that, as the cellular investment around the oocytes was disturbed, the

o N

percentage also got reduced.

In type 2 oocytes, though the ceilular investment was complete and -compact, the
maturation rate was decreased when compared to the type 1 oocytes. This showed that

\

the maturation rate was not ohly influenced by the cellular investment, but also by
ooplasm condition. The reduction in the maturation rate of type 2 oocytes was statistically
signiﬁcmt. Héncc the potency of oocyte maturation was more influenced by the ooplasm
condition than the cellular investment. In type 5 and 7, the maturation rate was least

indicating that combination of cellular investment and ooplasm condition further reduced

the potency of oocyte to undergo in vitro maturation.

In type 3, 6 and 9, none of the oocytes reached M II, clearly indicating that
oocytes with degenerated ooplasm completely lost its potency to undergo in vitro

maturation.

There was a singificant increase in the proportion of oocytes’ maturation rate in
media supplemented with 10 per cent FCS or EBS than control. It revealed that media
alone did not permit marked increase in the maturation; but addition of FCS or EBS is

necessary to increase the maturation of buffalo follicular oocytes. The percentage of
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maturationof type 1,4 and 7 oocytes in 10 per cent FCS and EBS was 63.64, 42.30, 17.11

and 59.84, 59.72 and 18.92 respectively.

In both the groups, there was a singificant increase in the maturation rate of
follicular oocytes in type I and 4; but in type 7 the maturation rate did not differ. It
indicated that for the beneficial action of the serum on oocyte maturation, .it requires
compact ce]lular. invcstment or atleast 2/3 of the cellular inchtmcnt. In the absence of

1

cellular investment, the maturation rate was not altered .even in the presenece of serum.
— ,
~ \

In type 2, 5 and 8 the rate of maturation of oocytes in media containing 10 per
cent FCS or EBS was 45.91, 36.17, 11.11 and 61.90, 35.42 and nil per ccﬁt re#pcctivcly.
In type 2 and 5, there was a marked increase in the maturation rate i~n both groups. It
showed that though the ooplasm gfanulcs u;cre clumped, complete compact cellular
investment or pam;l cellular investment (atleast 2/3) evoke the oocyte maturation equal
to that of the even granulation oocyte. In type 8, the rate of maturation was not

significantly different with that of control indicating that, for action of serum on the

oocyte maturation, the same requires attachment of the follicular cells to the oocyte.

In group second, the percentage of maturation was not significantly different from
that of first group of type 1 oocytes, but in type 5, there was an increase in the percentage

of maturation rate in second group than in I group.

In the second treatment, the media was supplemented with LH at a concentration
of 10 pg/ml. The oocytes in type 1, 2, 4 and 5. in group I and II which completed M II
was 63.50, 44.58, 41.23, 28.21 and 61.61, 59.26, 57.81 and 35.63 respectively. There was
no significant difference in the maturation rate of oocytes between treatments in first and

second group. In second group in type 2,4 and 5, the percentage of maturation was

=



1
1

increased which was highly significant from that of first group in treatment second than

in treatment first. It showed that addition of LH to media containing FCS did not increase

the maturation rate significantly in all the above types of oocyte except™ in media

containing_EBS, in . which LH increased the maturation rate in 2, 4th and 5th types of

" oocytes.

In the fourth treatment with FSH concentration of 1 pg/ml increased the rate of
maturation. The percentagé of maturation in type 1,2, 4 and 5 in I and II— groups \'Ncré
70.13, 62.50, 61.45, 50.70 and 69.23, 68.96, 68.00 and 40.50, respéctively, Though there
was slight increase in the percentage of maturation in different types, statistical analysis
revealed that the difference was not significant between groups. Hence the increase in the
maturation rate was uniform in all the types of oocytes in both the groups which was not
similar to that in 3rd treatment, where only the maturation rate was increased in media

containing EBS and LH in 2,4 and 5th types of oocytes alone.

3
The rate of maturation in media containing 1 pg/ml of E, 17 with FCS or EBS in

type 1,2,4 and 5 oocytes were 67.81, 61.86, 58.00, 51.85 and 65.29, 65.08, 59.68 and
47.30 per cent respectively. The difference in the maturation rate was not significant
between groups and between treatments 3 and 4. It showed that E, in media containing

either FCS or EBS increased the maturation rate similar to that of FSH in media.

The maturation rate in combination of all the hormones in two groups of oocyte
in type 1,2,4 and 5 were 74.13, 6“216, 67.76, 59.25, and 74.22, 70.10, 72.3 and 42.86 per
cent respectively. In all the types, the maturation rate was increased but the difference
was not significant between treatment groups. There was also no significant difference in

the maturation rate of oocytes between the two groups (Table 20).

37
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The mean rate of maturation in FCS and EBS was 69.65 and 67.06 per cent
respectively (Table 21). Oocyte maturation rate for this was comparable to those for the
first part of the experiment III. Though there was slight decrease in the rate.of maturation
in EBS, it was not significantly different. The rate of maturation in 10, 15 and 20 p;r cent’
FCS wa; 66.67,71.21 wad 70.73 é)er cent respectively. The rate of maturation was slightly
increased in 15 per cent conccntr'ation of FCS and there was no further impro;/cment in
20 per cent. The différencc between these two was not significant (Table 22). The ‘ratc
of maturation in 10, 15 and 20 per cent EBS was 62.08, 6\8.29 and 79.63 ;;er cent
respectively. There was a gradual increasc“ in the percentage of maturation. The increase
in the percentage of maturation. was more in media containing 20 i)er cent EBS than in
10 and 15 per cent EBS. This indicated that increase in the concentration of FCS did not

improve the percentage of maturation but upon increase in the concentration of EBS to

20 per cent level, the percentage of maturation attained the maximum level.
4.6 CUMULUS CELLS EXPANSION AND OOCYTE MATURATION RATE

The percentage of expanded cumulus cell complexes in media containing 10 per
cent FCS, 20 per cent EBS, 1 pg FSH/ml, 1 pg E, 178/ml after 27 h of culture were
76.87, 84.76, 79.64 and 52.70 per cent rcspcciivcly. Expanded cumulus cells complexes
were more in media containing EBS than other media. The difference between the first
three media were not significantly different. In the fourth media the rate of expanded

.

cumulus cell oocytes was significantly different with that of other three gorups. The mean

percentage of expanded cumulus cells in different media was 73.45 per cent.

The expanded cumulus cells oocytes were processed and examined for their

maturation. The number of oocytes that reached M II was 117 (72.52 per cent) of 182
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oocytes in FCS, 116 (81.45 per cent) of 164 in EBS, 99 (79.20 per cent) of 157 in FSH
and 53 (67.95 per cent) of 148 1n .El - 178. (Table 23). Though there was a slight
diffcnc'nce in the percentage of curnulus cell expansion and their maturation rate (M II)
(Fig.4) the difference was not statistically different. But‘ the difference bctwecn thek
cumulus cell expansion ar:d the maturation rate in media containing E, was stat_istically

significant (p < 0.5). This indicated that oocytes cultured in media containing FCS, EBS,

and FSH directly reflect the oocyte maturation on the morphological appearance ?f the

-

cumulus cells surrounding the oocyte. L \

i -]

4.7 SETTING OF CULTURE

The colour of 2 ml media containing 10,20,30 and 40 oocytes in four experiments
respectively was not changed even after 27 h \of culture. This indicated that the circulating
CQO, in the incuba’t:)r was sufficient to maintain the pH in the above culutre condition. The

\number of oocytes that reached M II was 36 (72 per cent) of 50 in media containing 10 .
Joocytcs, 68 (68 per cent) of 100 in media containing-20 oocytes, 109 (72.67 per cent) of
150 in media containing 30 oocytes and 147 (73.51 per cent) of 200 in media containing
40 oocytes respectively (Table 24). The difference in the maturation rate was not found
to differ siginificantly in all the treatments in the first culture condition. It indicated that

the number of oocytes upto 40 in 2 ml of culture media did not affect the maturation rate

/

significantly. S

o

In second culture condition (100 pI) the number of oocytes that reached M II was
37 (75 per cent) of 50 oocytes in media containing 10 oocytes in the 100 pl drops of
media which was not significantly. different from that of the first culture conditions. But

in other experiments in the second culture condition, the number of oocytes that reached
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M II was 58 of 100 oocytes (58 per cent), 34 of 150 (22.60 per cent) oocytcs; 16 of 200
(8 per cent) oocytes differe significantly (p < 0.01). This indicated that the increasing
number of oocytes in 100 pl of culture media significantly affected the maturation rate
of oocytes. The colour of the media was changed from orange to plae, pale yellow and

o

yellow colour in the last thiree experiments rcspectivcly.
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. CHAPTER 5

' DISCUSSION

—

51 BIOMETRY GF OVARIES

]

The biometry of the ovaries of non-descript buffaloes deserves much attention

. ]
since the most important native germplasm comes out of it. Literature available on this
aspect of non descript Indian buffaloes "are scanty. Hence many observations in the

present study do not have comparative references as published works.

The various measurements of the ovary were comparable with the other studies
in non-descript Indian buffaloes. The mcar\l length of both the ovaries were found to be
shorter in the ﬁ;escnt study when compared to observations of Damodaran (1955);
Luktuke and Rao (1962) and Napolean (1989). This might have been due to the.
variations in the climatic and management conditif)ns, since the first two studies were

conducted in the Northern part of India.

Though the third and the present study were carried out in the same place, shorter
duration, smaller sample size and consequent sampling variance would have accounted
for the variation. For the present study, the ovaries were collected from July 1988 to
June 1989. Hafez (1955), Hossain and Ahmed (1971) and Majeed et al., (1961) reported
the con;.:lation between ovari;] acti?ity and temperature and stated that majority of

“buffaloes remain in anoestrus condition during the summer months (April-July). Further
Zemjanis (1962) stated that in the same animal, the size of the ovary varied during
different days of the week because of the changes in development and regression of the

corpus luteum. Hence, the difference could also be attributed to ovarian activity.



108

The width and height of the ovary of non-descript Indian buffaloes »\;/erc almost

similar to the observations made by Luktuke and Rao (1962).

There was no significant difference in weight of the left and right ovaries in
buffaloes ir; the present st:dy which agrees the findings of Luktuke and Rao (1962) and
Khan (1987). Mean weights were 2.86 + 0.06 and 2.77 + 0.06g for the right and left
6varies respectively. The mean weight reported by Luktuke and Rao (1962) was more
by a gram than the wc;.ight observed in this stu‘gx for both left and right ovaries, v'vhilt':
those reported by Damodaran (1955) was’ ;l/ightly less in non-de‘script buffaloes. The
results of the present investigations are in agreement with the findings of Napolean
(1989). | '

. =

The non-significant variations in the volume of both the ovaries in different stages
of the cycle noted ;n this study might have been due to the change in size of the ovary
due to the formation, development and regression of Graafian follicles and regression of
corpus luteum (Zemjanis, 1962). The highest volume of the ovary during the II and III
stages of the cycle on both the sides might be due to the maximum development of the
corpus luteum during the II stage of the cycle which was maintained as such until the end

of the III stage of the cycle. This confirms the findings of earlier workers (Asdell, 1955

and Foley er al., 1964).

The existence of highly significant correlations between different biometrical
parameters of ovaries like length, width, height and volume indicated that even any one
such measurement would firmly be representative of other measurements, all of which,

hence, need not be measured to define the biometry of such ovaries in non-descript Indian

buffaloes.
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52 CORPUS LUTEUM

o
1

' The colour of the corpus luteum externally and on bisection in buffaloes observed

-~

in the present investigation agrees with the findings of Napolean (1989).

-

The length, diameter and ‘wcight of the corpus luteum were the least in the first
stage of the estrous cycle and it grew significantly in the subsequent stages. The .
maximum size was reached during the II stage of the cycle. There was no-matked
reduction in size until the end of the III stage of the cycle. Similar oblscrvations were
made by several authors (Mc-Nutt, 1924; Ireland et al., 1980 and Dellmann and Brown,
1981). On contrary, Napolean (1989) stated that the decline in the length of the corpus
luteum had started by the end of the second stage of the cycle itself. However, the slight
decline noticed in this study during the tl;ird stage of the cycle was not found to make

-

significant difference in the length of the same.

Luktuke and Rao (1962) reported that the weight of the corpus luteum varied from
1.30 to 4.40g during different stages of the estrous cycle which is conﬁnnati\;c with the
present study. The mean diameter and weight of the diestrous corpus luteum noted by.
El-Wishy et al., (1988) as 16 + 4.2mm and 1.9 + 0.48g, were much higher than the values
observed in the present study. Similar values were given by El-Sheikh and Abdel-hadi
(1970) also in Egyptian buffaloes. This indicated that the corpus luteum of Indian
buffaloes seemed to be srmllg as reported by Luktuke and Rao (1962). The percentage »
of lacunae in the corpus luteum during the diestrum (10.7 per cent) was almost similar
to the findings of El-Wishy ez al., (1988) which was, however much lower than 39.0 and

25 per cent reported by Mylrea (1962) and Arthur er al., (1982) respectively in cows.
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53 FOLLICLE +
- 53.1 Follicular dynamics in relation to

5.3.1.1 The different stages of the estrous cycle

The mean numb=¥of follicles on the ovarian surface was found to be less in the
present study than those reported by Kruip (1982) and Moor et al., (1984) in cows:” This
less number of follicles per ovary in buffalo might be due to the presence of low number
of primordial and Graafian follicular population in buffalo ovaries (Madan, 1990; Tot.ey

L~
et al., 1991).

The distribution of total number of follicles during the different stages of the cycle
was comparable to the observations made by Skyer et al., (1987) in cow. Total number

\

of follicles were less during the seéond and third phase of the cycle as compared with the |
IV stage in whicih the toial number of follicles were relatively more. In I stage, the mean
number of follicles per ovary was slightly lower when compared with the IV stage of the
cycle; however, the same was significantly more than the numbers at Il and III stages of
the cycle atleast for follicles of < 2mm size. He_nderson and Cupps (1990) stated that -the
average follicle size varied (P < 0.001) with physiological state of the cow. Mean follicle
size from ovaries containing a preovulatory follicles was reported to be statistically
greater (P < 0.05) than those from ovanes containing a corpus hemorrhagicum, a

4

developing corpus luteum and or a mature corpus luteum.

In this study, there was significant variation in number of various size of the antral
follicles during the entire cycle. Ireland er al.,(1979) and Skyer et al., (1987) also made
similar observations. These changes in number of follicles within different size categories

during an estrous cycle could result from any combination of the three factors as follows:
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a. rate of entry of progression of growing preantral follicles into the pool of antral
follicles
b. ' the rate of growth of these antral follicles into a large size category and

C. the rate of loss (atresia) of these follicles from a large size category into small size

o
category (Spicer and Echternkamp, 1986).

The present investigation confirmed the findings of Matton et al., (1981) and

. . ¥
Skyer et al., (1987) who reported that a large pool of small antral follicles developed

L 1

during the pre-ovulatory and early lu,teal"periods, and might be associated with the rise
in both FSH and LH prior to ovulation. The mean number of follicles with 2mm
diameter was slightly decreased during the I stage of the cycle and wasl the least during
the II stage. Again there was a rise in the number of < 2mm follicles in the III stage of

the cycle indicating that there might have been two waves of follicular growth taking

place in buffalo ovaries.

The available literature showed that the transformation characterised by an increase
in the rate of gfowth of small antral follicles into large antral follicles takes place as the
estrous cycle progresses towards ovulation. Present investigation showed that the mid
luteal phase was a period of diminished ovarian activity and there was significantly fewer
follicics of smaller sizes compared with follicular phase when statisﬁcajly analysed.

Similar observations were made by Matton er al., (1981) and Ireland and Roche (1988).

in cows. e

In several domestic mammals, a positive relationship between ovarian, luteal and
follicular acti\}ity has been observed (Clark er al., 1975). In the present study, the ovary

bearing corpus luteurn had more larger follicles than the ovary bearing the corpus
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albicans. Several authors have reported similar findings in cows (Dufour et al., 1971;

Fogwell et al., 1977 and ‘Dailc;y et al., 1982) and in buffaloes (Hafez, 1955).

f

In the present investigation, there was no significant difference in the distribution-
of follicles between the -sides of the ovary. This clearly indicated that both the ovaries
were active which is in agreement with the findings of El-sawaf and Schmidt (1963) who

reported that, in buffaloes both the ovaries were active.

L]
L]

The largest diameter of the Graafian follicle of 2.1 cm recorded in this study is
supported by the findings of El-Sheikh and Abdel-Hadi (1970) and }'El;Wishy et al.,
(1988), where as Hafez (1955) recorded the diameter of the largest follicle t‘o be only 0.5 .
to 0.7 cm and 0.8 to 1.3 cm in ovary Wi}_}.I corpus luteum and without corpus luteum
respectively in Egyptian buffaloes. The dfffercnce might have been due to the breed

-~

variation and environmental differences between places of study.

' 5.3.1.2 The different months in a year

From the month of June onwards the total number of follicles especially that of
follicles of < 2 and 6-10mm diameter ranges were found to gradually increase upto
December. Thereafter, the number of above category follicles started to decline.
Similarly, the ambient tembemturc started to decrease and rainfall to increase during the
month of June. From the observations, it can be concluded that decrease in ambient * .
temperature and increase in energy intake by grazing more lush grass have brought in

greater ovarian activity. This confirms the findings of Kodagali er al., (1973) who

observed that the sexual activity of Indian buffaloes was in peak during the period from

September to February. Similarly, Afiefy (1967) also found that the highest incidence of

estrous was recorded during October and November. Hossain and Ahmed (1971) too
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reported that most of the. estrous period (66.0 per cent) in buffaloes occurred during the
months of October to January. The minor differences found in the present study might

be due to variation of maximum temperature between adjacent months during that

particular period of study.

From January onwards, the total number of follicles started declining and became

the least during the month of May. The same was mostly due to the decrease in number
’ Ll

of follicles of < 2mm and 6-10mm diameter ranges. This reduction in ovarian activity

might have been due to higher tcmpcratuf; and lower rain fall recorded during the

" period.

Hafez (1955) reported that majority of buffaloes remained in anestrous condition
during summer months (April-June) because 01} high environmental temperature (42-46°C)
which caused reduction in Gn-RH release. Consequently, reduced recruitment of small

follicles and high atresia resulted in low secretion of estrogen and thus bringing "Silent

heat” in buffaloes.

Further, when ambient témpcratum is more (photoperiodism) prolactin levels are
the highest (Kakar e al., 1982) and plasma progesterone levels were found to be the

lowest (Rao and Pandey, 1982) which aggravate the silent heat condition.

A very low nutritional level during winter might be the main reason for the delay
in animal returning to cyclicity. It has been noted that when cows are turned out on

pasture, the percentage of cycling cows rises abruptly.

Though the ambient temperature showed a decrease and the rain fall an increase

during the month of June, the total number and number of < 2mm diameter follicles
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remained almost constant during the first three months. Increase in follicles of < 2mm
diameter was noticed from month of August onwards. Lussier et al., (1983) indicated that
two estrous cycles are required for a follicle to grow from preantral size to an antral size
of 8.5mm. Hence during the months from June to August, increase in recruitment of the '
smaller follicles and prcv";ﬁtion of atresia of such follicles might have led to appreciable

increase in total number of follicles of < 2mm diameter range from August onwards.

5.3.2 Follicular cohtents

'5.3.2.1 Follicular fluid

Follicular fluid was found to be composed partly of exudates from plasma
(Edwards, 1974). In the present study, thefe was an increase in the volume of follicular
fluid as the follicular diameter increased and this concurs with the findings of Napolean
(1989). There vx’r;s a steep rise in the volume of fluid in follicles of > 8mm diameter.
This might be due to the increase in blood flow in absolute terms (ml/min) and incrcaséd \

| capillary pcrincability of large follicles than the smalier ones (Moor and Trounsor_l_, 1977).
Spicer and Echternkamp (1986) found that follicular diameter and fluid volume of 243
follicles were significantly correlated (r=86) with each other. A similar curvi linear
relationship was observed between diameter and volume in human follicles (Mc Natty

et al., 1979) as in the buffaloes in the present study.

The fluid was straw coloured and slightly viscous and the viscosity was found to
be more in the growing folliclc;;thaﬁ in fully-grown pre ovulatory follicles (Byskov, 1969
and Norrhan and Greenwald, 1972). These findings were in agreement with the results
of the present study in buffalo cows. Edwards (1974) reported that the changes in the

viscosity of fluid occurred towards ovulation as the mucopolysaccharides were

depolarized. The mean volume of fluid collected from large size follicles in the study
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was less. than thése rcp&tc’d_!_iiy Hé‘hd_crson et al., (1982) in cows. This r;light be due to

the species variation;-. = 53 @ Fue

BRI I

1

$.3.2.2 Diameter of the opcyu:;. _

- e

The mean diameter of the' oocyte in the present study was 157.37 p with a range
of 130 to 161.p which was slightiﬂ,' higher than the findings of Sato ez aI.,'(1990) in cows.
However, the values were close to the findings of El-Sheikh and Abdel Hadi (1970) 'who

reported that the diameter of the, oocyte in Egyptian buffalo was 1604.

5.3.2.3 QOocyte recovery rate

The percentage of recovery rate of 57.33 per cent recorded in this study was lower
when compamd. to the ﬁr;dings of Mc Natty er al., (1984) and Leibfried-Rutledge et al.,
(1987) in cows and the percentage of recovery rate in relation to the size of the follicle
was in agreement with the findings of Asakawa er al., (1982) in squirrel monkey. There
was no significant difference in the percentage of recovery rate between different stages
of the cycle. On contrary, Schnurrbusch er al., (1990) stated that the percentage of

recovery was more, i.e., 92 per cent in late estrous and the least 43.5 per cent in

proestrous stage.

5.3.3 Characterization of the oocyte in relation to

5.3.3.1 Size of the follicle —-

The characteristics of oocytes from non atretic bovine vesicular follicles has been
adequately described (Rajakoski, 1960; Lobel and Levy, 1968 and Marion er al., 1968).
Bovine oocytes from follicles of various sizes displayed a disparate relationship between

the appearance of the investment and ooplasm and either pre or post culture chromatin
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configuration. The oﬂéérvatiobs in the present study < 2mm and 3-Smm categories
I
il )
contained almost cqualg and a‘greater proportion of oocytes with compact complete
, |
cumulus oocytes, whiqp was higher than those in the follicles in 2 6mm categories.
Follicles > 6mm contained relatively more number of oocytes with partial or fully

expanded cumulus mass. This expansion of cumulus mass in follicles of 2 6mm diameter

was probably due to loss of conn;:ction between cumulus cells and oocyte cytoplasm.

Since matured oocytes did not require any connection betwcen-thc cytoblas‘m of
the oocytes to cumulus cells for their nourishment, the same had resulted in expansion
of cumulus mass (Donahue and Stern, 1968). The findings of Bedirian and Baker (1975)
that the 81 per cent of oocytes with an expanded cumulus underwent nuclear maturation.
A similiar finding was made by Loos et-al., (1989) that the cumulus investment of the

oocyte in M II was always expanded. -

This study demonstrates a clear relationship between follicle size and oocyte
quality. Leibfried and First (1979) classified the follicles as 1-3mm and'} 3mm in
diameter and reported that follicles of 1-3 mm diameter tended to have a high proportion
of oocytes possessing a compact complete investment and follicles > 3mm diameter had
expanded cumulus cells. However, in the present study both follicles of < 2mm and 3-
Smm diameter ranges had almost equal proportion of compact complete cumulus oocytes
and the difference might be due to the difference in the classification of the follicles. On
contrary, Lonergan et al., (1992) stated that significantly more oocytes with many layc:rs~
of cumulus cells which had a signiﬁcantiy higher proportion of morula/blastocyst stage

embryos were obtained from follicles > 6mm in diameter compared to 2-6mm follicles.

However, the observation that the percentages of < 2mm diameter in this study is

" in confirmity with the findings of Lonergan er al., (1992) who reported that the follicles

g -
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of 2mm contain-more percentage of oocytes with clumped ooplasm granules which might

have altered thc-maturati;on rate in vitro. Attainment of a high success rate in follicles

of above 6mm diameteré might b§: due to the high percentage of evenly distributed

cytoplasmic granules in 6ocytes ir more than 3 mm diameter follicles. A similar finding
was noted in the present investigation. More oocytes from follicles of 3-5.and 6-10mm
diameter follicles were found to have even ooplasm granules and oocytes from follicles

> 10mm diameter tended to have low percentage of even granulation and this observation
was in agreement with the findings of Bedirian and Baker (1975),} who stated that follicles
of > 10mm diameter tended to yield more degenerated chromatin, compared to oocytes

with a compact investment or oocytes showing preovulatory expansion of the cumulus.

5.3.3.2 Stage of the cycle

The vaﬁagion in percentage of oocytes in four stages of the cycle in this study
indicates that hormones secreted during the cycle had an influence on the type of oocytes'
and it was explained as follows by the earlier workers. It has been hypothesized that the
maximal production of progesterone and increased production of prostaglandin F, a by
the uterus (Ottober et al., 1980) limits the maximum diameter of the follicle and this
enhances atresia of follicles (Brand and deJong, 1973 and Daily er al., 1976) and hence
the preovulatory follicle is followed by a group of medium sized (2-4mm) follicles in
advanced atresia (Driancourt, 1991). Moor er al., (1984) stated that all oocytes in non-
atretic follicles and almost all-follicles undergoing early atresia remain in the normal
germinal vesicle stage and with the progression of atresia the percentage of oocytes

showing degenerative changes increases. In general, atresia increased the percentage of

degenerated oocytes.
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From the above observations, they concluded that the percentage of aegencratcd
oocytes were more during the follicular and early luteal phases. The present study

concurred with the findings that the percentage of oocytes was reduced in the fourth stage

of the cycle and further rcliduction ‘took place during the first stage of the cycle. On
contrary, Leibfried and Flrgt (1979) 1nt:pom:d a greater incidence of oocytes with intact
chromatin in the follicular gtage as compared to the luteal and early luteal stagcg. “The
question whether the degene;ration of oocytes starts first on the cellular investment or on

cytoplasmic granules would need more investigation before a dct\'mite answer could be

given and hence no conclusion was drawn.

5.3.3.3 Presence or absence of corpus luteum

Increase in percentage of COC with e\"en granulation oocytes in ovary containing
corpus luteum in {};is study might have been due to the increased functional activity of |
the surface of the ovary when functional corpus luteum was maximum in size (Block,
1951; Rajakoski, 1960, Brand and deJong, 1973; and Clark ef al., 1975). It can be
inferred that by acting on the cumulus cells, gonadotropins change their metabolic
pathway resulting in enhanced progesterone production. This enhanced progesterone with
estrogen \?as intimately involved in cytoplasmic and nuclear maturation of oocytes

(Thibault, 1977), which results in good quality oocytes in ovaries with corpus luteum.

54 ISOLATION OF OOCYTES AND ITS PERCENTAGE OF RECOVERY

AND MATURATION RATE

The mean number of cocytes liberated from each ovary was incomparable between
buffalo cows and cows. The mean number of oocytes liberated from each ovary was

26.2 £ 7.4 in cow (Sato er al., 1990). In buffalo it was 2.71 in the present study which

-
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is much lower and the salm'c might be due to the low number of primordial and Graafian

follicular population in biffftllO ovaries.

However, the num;?er of good quality oocytes per ovary in buffalo was high 142 .
!

in the present study whe':?!tomparcq to the observation of Totey er al., (1991) who found

the same to be 0.46 oocytes/ovary by aspiration method in buffaloes.
Il |

The proportion of total number of oocytes and good quality oocytes between
dissection and aspiration method in cow was 1:2 (Arlotto ez al., 1990) which was similar
to the present study, that dissection method yielding double the numbér of oocytes of
5.57/ovary while the same by aspiration method was ‘2.71/ovary. The number of good
quality oocytes in the present study was 1.42/ovary by aspiration method and 3.30
oocytes/ovary by the dissection method, wl{ich also simulates the findings of Lonergan
et al., (1991) whg reported that there was significantly more good quality oocytes .and
conversely significantly fewer poor quality oocytes recovered by dissection when
compared to the aspiration method. On contrary, Bottcher er al., (1989) reported that the

percentage of first quality oocytes were more by rupture of isolated follicles than by

aspiration and dissection methods in cows.

Although follicular dissection and needle puncturing were initially employed in
recovering more good quality oocytes from follicles, for routine use, aspiration has bcen’
recognised now as the method of choice because of the obvious advantage, in terms of

speed of operation, which was especially important in vitro culture of follicular oocytes

(Lonergan et al., 1992).

The percentage of in vitro maturation of good quality oocytes to M II by

aspiration, rupture of follicles and dissection methods in this study was-concomitant with

v agem
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the findings of Arlotto ef al., (1990) in which he stated that intact oocytes \from follicles
located-deeper in the coftex had a lesser probability of completing meiosis I in in vitro
compM to similar oocytes from visible follicles on the surface. In an another study,

Sato et al., (1990) found that poor meiotic competance of oocytes from deeper cortex was
el
il ' . . .
due to the absence of some factors necessary for oocyte maturation or at least to its
presence of insufficient quantity in the cytoplasm and/or nucleus of smaller oocytes from

deeper cortex. '

1

Erickson and Sorensen (1974) observed that.larger ooc':);tcs taken from late and
middle antral follicles were more likely to undergo maturation in vitro than were oocytes
taken from pre-antral follicles in mice. He concluded that oocytes of differing sizes
released from the ovary might exhibit unequal maturation potentials. Further, Veronique
de Smedt er al.,.(1991) stated that 86 per cent of oocytes from follicles of 2-6mm
diameter progressed to metaphase II and only 24 per cent of oocytes from follicles of: 1-

2mm diameter completed meiotic maturation after 27h of goat oocytes cultured in vitro.'

55 EFFECT OF SUPPLEMENTS ON OOCYTE MATURATION RATE IN

IN VITRO

High variation in the maturation rate has been observed in culturing different types
of oocytes in vitro in TCM 199 with or without the addition of supplements. The
percentage of maturation of Q"OC with even granuation in TCM 199 alone was high in‘
this study when compared to the findings of Singh et al., (1989) who attained only 2.1
per cent of maturation in culturing of buffalo follicular oocytes in TCM 199 without any
supplements. This increase in maturation rate in this study was due to the subjecting to
live oocytes (dead oocytes were removed by using the vital staining technique) with even

granulation. The percentage of maturation of oocytes with clumping cytoplasmic granules

-



121

. "
e
b II

e

-t .. - II; . 3 . o'\ )
and compact ot partial ;;c?:_llular investment was low in this study and this confirms the
Al i

findings of Garcia et aI.;é( 1988), Shioya er al., (1988) and Kim and Park (1990).

!
Iy
.

P , . -
The percentage of maturation of nude oocytes with even granulation was low in .

this stu'd;' and was C(‘éfﬁ'rmcd byl‘ the findings of Tsafriri and Channing (1975) who
reported that only 10 per cent of porcine oocytes lacking investment had matured.
However, in cows 44 per cent (Leibfried and First, 1979), 55 per cent (Kim and Park,
1990) of nude oocytes were found to mature to M II. On contrary Dahlhausar{ et 'aI.,
(1981) reported that no oocytes from any of the different folli;:ular size groups which
were devoid of cumulus cells matured in vitro. This poor response might probably be due
to the poor cytoplasmic condition of the oocytes which were subjected for maturation.
The rate of maturation of partial cellular invcstment oocytes with even granulation stood

in between the COC and nude oocytes which was in agreement with the findings of

Shioya et al., (1988) and Kim and Park (1990).

Addition of FCS alone to the maturation media had a significant difference in
maturation rate. Ninty one oocytes (63.64) per cent out of 143 attained MII in this study.
Several authors also reported similar findings in cows and buffaloes (Singh ez al., 1989;
Sanbuissho and Threlfall, 1990 and Totey et al., 1991). This was supplemented by the
findings of Eppig and Schroeder (1986) that the preschcc of a high molecular weight
compound of serum was esscnﬁal during oocyte maturation in culture. In contrast,.
Menezo et al., (1984) reported-that serum was not necessary for in vitro maturation and

fertilization of follicular oocytes.

The rate of maturation was not significantly different between groups I and II.
However, in 10 per cent EBS, there was a striking difference in the percentage of COC

with clumped cytoplasmic granules and partial oocytes with even and clumped granules.
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The increase in _thc percc"_n.éage "of, maturation in these types of oocytes w;;ls\ alrﬁost equal
to the percentage of oocyte rr.xatliration in media containing FSH or combination of all
hormé)nes, suggesting that estrous’ buffalo serum contains certain substances which
increase the maturation rate compared to FCS. The exact substance for this high ratés ‘

oo
of maturation in the present study was difficult to be elucidated.

Sanbuissho and Threlfall (1990) reported that there was no significant difference
in the maturation rate of oocytes cultured in EBS or FCS. On contrary, Schéllar;der
et al., (1989) stated that the fertilization .and maturation rates ;vere increased in rﬁcdia
containing EBS than FCS. Xu et al., (1987) stated that one of the reasons for his success
rate of bovine oocytes maturation might be due to the addition of serum from estrous . _

cow to the maturation medium.

-

In the present study, the percentage of mafuration was increased in média
_ containing 15 per cent or 20 per cent EBS. On contrary, Totey et al., (1991) stated that
there was not much of difference in maturation rate of buffalo follicular oocytes cultured
in 10 per cent FCS or 20 per cént EBS. In an another study, Kim et al., (1990 a)

reported that there was a gradual decrease in the fertilization rate of cow oocytes cultured

in 10, 15 and 20 per cent ECS.

Oocytes cultured in media containing gonadotropins had a significant increase in
the maturation rate than the control. This increase in maturation rate might have been

due to change in the membrane potential of follicular somatic cells and the 'oo'cytc by

both FSH and LH (Mottioli er al., 1990).

o



%
123

N N, . N
The: electricalfcouplinig-between somatic cells and oocyte may represent a means

by which’the"gSiiadotropin message gets passed on to the germinal cells by the somatic

compartment, for which|a direct: cell oocyte contact was essential (Kastrop er al., 1990).

: [ T -

.(.)OC)/[CS'SUH‘OL_"-EJ&Ed by- cumulus cells to more than one third of their surface was
effectively matured in'vfijtro (Goto et al., 1988), From this, it was proved th_’at' oocytes
are dependent upon cumulus cell.s for their nourishment, essential nutricnt,_ passing of
certain sighal from out;idc to irEl;idC of the germinal cells. Hence, ccll—o&yte’gcor;tact

1s considered as a must for oocyte maturation.

This was amply proved in the present experiment since the percentage 6f
maturation was significantly increased upon addition of FCS or FCS with FSH in COC |
or partially cumulus cells oocytes with even or clumping ‘granulation. There was no
change in the percentage of maturation in nude oocytes with even granulation. This\was
confirmed by the findings of Moor er al., (1984) who stated that oocytes denuded of their
follicular cells do not acquire developmental competence irrespective of the hormonal
support. This may due to lack of connection to the oocyte from outside to pass the
signals elicited by the FSH or FCS in the culture media. When oocytés were mature,
it does not need any support from cumulus cells and <.:umulus cell expanded as a result

of loss of connection between cumulus cells and oocyte cytoplasm (Donahue, 1968).

~

Though clumping of cytoplasmic granules was found to be a sign of dcgcncration,'
addition of FCS plus FSH inc;c/ased the percentage of maturation from 9.21 to 62.50 and
1.92 to 50.70 per cent. This indicated that even the oocy;cs with clumping ooplasm

~granules does not loose the meiotic maturation potential and this was confirmed by the

findings of Leibfried and First (1979) who stated that the ability of bovine follicular

Rk ol
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oocytes to undergo spontaneous 'nuclear maturation in vitro may not be lost until late in

!

the. process of atresia.
I

: | .

The size of the follicle, whether or not it was atretic, the concentration of FSH,_

LH and E, pcrcenta,gég during the culture period are critically influenced by the
development potential of oocyte matured in vitro.

A i
The striking point noticed in this study was that the percentage of maturation of

type 2,4,5 oocytes were almost tlaqual to the type 1 oocytes indicating that the former
oocytes were responded ‘more than the later. Thus it is postulated that oocytes in small
non-atretic follicles respond poorly to gonadotropin treatment in vitro, pfobably because
of the overriding inhibitory ét’fcct of the follicular fluid, (Chang, 1955) and granulosa
cells (Foote and Thibault, 1969). During atresia, granulosa cell involvement may well be
accompanied b& a reduction in the inhibitory factors secreted by those cells a{ld as a

result, oocytes in large and small atretic follicles might then respond more readily to

administration of gonadotropins (Moor and Trounson, 1977).

Thibault (1977) reported that the ovarian steroids, estrogen and progesterone are
intimately involved in cytoplasmic and nuclear maturation of oocytes and further it was
confirmed that synchronization of cytoplasmic, nuclear and membrane cvents in the
maturation of oocytes was of atmost importance for normal fertilization and development.
On contrary, the percentage of maturation was not much different by the addition of E,
to the media with -10 per ccnt FCS in all types of oocytes in this study. This is in
confirmation of the findings of Singh ez al., (1989) who stated that addition of E, did not

increase the maturation rate.
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Smith and Tenney (1980) s!lated that estradiol - 17 B was to block maturation after
the resumption of meiosis and bci”one completion of the first meiotic division in mouse
oocytr: At higher concentration, itiprevented germinal vesicle breakdown vu‘/i‘thout causing
oocyte degeneration. The inhibitory actions of all steroids were reversible in odcytes~‘
exposed for 4 to 18 hi. {iHowevcr:]', Hunter er al., (1976) reported that ovulated oocytes
induced by HCG in the follicles yv:ith low E, level failed to undergo normal nuclear and
cytoplasmic maturation .and hence were unable to became normally fertilized. No

'

conclusion could be drawn based on the present study and to confirm these findings,

further research on in vifro and in vivo maturation of buffalo oocytes may provide the

answer.

Increased percentage of oocyte maturation was noticed in media containing 10 per
cent FCS with steroids and gonadotropins which was however, not significantly more
within individualhormones. The percentage of maturation was 74.13 in COC complexes
with even granulation studied in this w;)rk was in agreement with the findings of

Chuangsoongneon and Kamonpama (1991) and slightly lower when compared to the

findings of Singh er al ., (1989).

In contrary, Sirad er al., (1988) reported that addition of FSh, LH and E, - 17 B
to maturation culture do not alter the frequency of the nuclear maturation (90 per cent Vs

80 per cent) with and without hormone supplement.

B

5.6 CUMULUS CELL EXPANSION AND OOCYTE MATURATION RATE

All media containing serum and hormones caused marked expansion of COC. This
was confirmed by the findings of Ball er al., (1983), Thibault er al., (1975a) and
Sanbuissho and Threlfall (1986). Percentage of COC expansion was poor (52.7 per cent)
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in media cdr‘f 1ng E,zji‘nd nly 62.95. per cent of the expanded COC underwent nuclear

i'.-
maruration.- Thc COC cxpanswn and maturatlon rate were not significantly correlated in

media containing E, than in.other groups In other groups, about 80 per centof expandcd
3 ST | P ﬂ\_._

coc underwent nuclear maturation. A similar findings was made by Bedirian and Baker

i ...b-:-'l} ii_ﬂ_.
(1975). It showed that tflc COC cxpanslon in media containing FCS, EBS, FSH directly
l . !
reflected the pcrcentagc of oocytc maturation whereas the same in media containing E,2

did ~ot directly reflect the oocyte maturation. .

In first three media, only 8 per cént of the unexpanded COC complexes showed

nuclear maturation and in the fourth media, about 20 per cent of the unexpanded COC

had underwent nuclear maturation.

5.7 SETTING OF CULTURE

The relationship between culture medium, volume and the number of COC
complexes were examined. The maturation rate was similar in all the trials in ,ﬁrslt
culture condition. Similar findings werc- made by several authors (New Co;nb et al.,
1978; Lu et al., 1987 and Xu et al., 1987). There was no change in the colour of the
media indicating that the change in the pH during the maturation process was maintained

by the excess NaHCo, present in 2 ml of media under 5 per cent carbondioxide in air.

In the first trial of II culture condition, the percentage of maturation and colour

of the media were not changed to that of the I culture condition. In II trial the rate of

maturation was reduced to 58 per cent and colour was changed into orange. This,

indicated that the change in the pH during the maturation process of 20 oocytes was not

able to be maintained by NaHCo, in a small volume of media under 5 per cent CO,

Lo
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condition, and_-gﬁ III an'd"IV_ trials the colour of the media was pale yellow iridicating a

further change in the pH. .

1
1

Another reason for hig.h. maturation rate in COC complexes in 2 ml media was that
the inhfi'l;itory signals r=gsent in the COC complexes itself was diluted in vitro by the
addition of large volume of cultﬁr! media, thereby permitting the resumption of meiosis
(Sirard et al, 1982). |

‘ §

Raising the number of COC complexes to 25 or 40 per drop resulted in a

significant inhibition of oocyte maturation compared to controls containing 10 coc’s per

drop in the present study. i

From this, it was concluded that in 2 ml of media even upto 40 number of oocyte
complex were matured without any deleterious effect. This finding confirms the

observation of Goto er al., (1988) who attained a maximum maturation.
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Ovaries from non-descript plunparous she buffaloes collected from slaughter house

) !- L

‘were grouped into four .stag:e's based on the appcarance of the corpus luteum and the

follicles. . . ' : : S

The biometry of the ovary and corpus luteum and morphometry of the ovary were

done and variations wereé recorded during different stages of the estrous cycle. Follicles

were grouped according to the diameter range as < 2, 3-5, 6-10 and > 10 mm. Percentage--

of recovery rate of oocytes and their ch'llaractcﬁiati'on in relation to size of the follic.k.:,
stage of the cyclé and ipsilateral or contralateral relationship to recently formed corpus
luteum were studied. Efficacy and efficiency of different recovery methods of oocytes
were also studied. Different kinds of supplementations with different percentages of
serum were made and their influence on various types of oocyte maturation was assessed.
Percentage of maturation in two different culture conditions and._ the morphological

changes in relation to their nuclear maturation were studied.

Biometry of ovaries on left and right side was not found to differ significantly and

also between stages of the cycle; however lenéth, diameter and weight of the cofpus

luteum was highly significantly different during the four stages of the cycle. The corpus

luteum of Indian non-descriptive she buffalo was found to be smaller than other breeds
in India.

- The mean ;\um.beriof visible folliclé.s of .3 83 and 3.45 in right and left side ovaries

IRaRE

also did not significantly differ. The numiber of follicles of 2 and less than 2 mm

re
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diameter size rose at tw;o'times of the cycle indicating two waves of follicular growth in
i

buffalo ovary.

'

Total number of follicles especially those in < 2 mm diameter range gradually.

!
increased from the rz:;ﬁnh of June. Constant and considerable numbe_r of 3-5 mm

diameter follicles were present in ovary throughout the year, indicating that ovaries from

slaughter house can be utilized to collect the oocytes for in vitro maturation throughout
. | o

the year. There was a slight variation in the number of follicles and follicles in different

diameter ranges, which was, however, not significant. The maximum ovarian activity was

observed from the month of October to January in Madras.

-

A curvi linear relationship of follicular diameter and fluid volume was noticed.
The maximum fluid volume collected was 1.26 ml in a follicle with a diameter of 2.1 cm.
The mean diam;:ter of the buffalo oocytes (zona pelluceda plus ooplasm) was 157.37 p,
almost constant from follicles of antral size to preovulatory size. The mean diameter of

the zona pelluceda was 26.16 p which is constant in all size follicles.

The mean percentage of oocyte recovery was 57.33 which is not significantly
differ between stages of the cycle. The recovery rate was low in follicles of £ 2 mm

diameter, maximum in follicles of 3-5 and 6-10 mm diameter range and moderate in

follicles of > 10 mm diameter.
i

~

Size of the follicle, st?ge of the cycle and presence or absence of corpus luteum
on the ovary significantly affected the quality of the oocyte. More number of good
quality oocytes were obtained in 3-5 mm follicles and in ovary containing corpus luteum.
Henc¢ oocytes were collected from 3-5 mm diameter follicles during the II and III stages

of the cycle to get more number of good quality oocytes for in vitro maturation.

- -
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" Dissection method found to yield more number of compact, complete cumulus
. oophorus oocytes than the other two methods viz., aspiration and rupture of follicles.
Though lthe percentage of oocyte from dissection method was low, total number of
oocytes that reached metaphase Il was more in dissection method. The study revealed

i
that dissection method is the method of choice for getting more number of matured

oocytes.

Addition of serum and hormones were found to be essential for the in vitro
maturation of buffalo follicular oocytes. Supplements like 10 percent FCS, 20 percent
EBS, 10 g LH, 1 pg FSH, and 1 pg E,-178 had beneficial effect on the good anf fair
quality oocytes. Maturation in vitro supplements had no effects on nude oocytes
indicating that for the action of the abovc;_ oocyte cumulus cell contact was must.
Oocytes with degenerated ooplasm with any degree of cellular investment was found to

be unfit for in vitro maturation.

The percentage of maturation was not significantly different between FCS and

EBS. The proportion of expanded cumulus cells was found to directly reflect the oocyte
maturation in culture media containing FCS, EBS or FSH. However in the media

containing E,-178 the same was not significantly reflected in the maturation rate of

oocytes.

It was found out that 2 ml culture media to an ideal volume for culturing 10 to

-—

40 oocytes. Culturing more than 10 oocytes in 100 pl drops adversely affected the oocyte

maturation rate in vitro.
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