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This study was carried out to examine the effect of growth factors on swamp
buffalo’s early antral follicle growth, and to study oocytes development retrieved
fromin vitro grown early antral follicles after being cultured in IVM medium. The
follicles were divided into 3 groups, depending on their diameters, group I: 200-399
pm, group II: 400-599 pm, and group II: 600-799 pm. The follicles had been
cultured in collagen gel dish for 14 days. The diameters of follicles were measured at
days 7 and 14. The results indicated that follicles cultured in group I were able to
grow after being cultured in medium supplemented with bFGF, bFGF+IGF-I and in
control treatment (no supplements). The percents of follicle development were at 8.7,
7.5, and 6.8 respectively. The growth rate of follicles in medium supplemented with
IGF-I was only 1.7%, whereas follicles cultured in medium supplemented with EGF,
bFGF+EGF, IGF-I+EGF, and bFGF+IGF-I+EGF were unable to grow. The
developmental rate of follicles in group II cultured in medium supplemented with
bFGF (44.8%) and bFGF+IGF-I (37.3%) were not significantly different, but the
development rate of follicles in medium supplemented with bFGF was significantly

higher than that of IGF-I (21.6%) and control treatment (26.1%). Follicles cultured in
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medium supplemented with EGF, bFGF+EGF, IGF-I+EGF and bFGF+IGF-I+EGF
were unable to grow. Follicles in group III which were cultured in medium
supplemented with bFGF (32.7%) showed a significantly higher growth rate when
compared with IGF-I (19.0%), bFGF+IGF-I (11.8%), and control treatment (12.8%).
Lastly, follicles cultured in medium supplemented with EGF, bFGF+EGF, IGF-
I+EGF and bFGF+IGF-I+EGF were unable to grow. However, the effect of growth
factors on oocytes viability and meiotic stage could not be described. In conclusion,
bFGF might be a key growth factor that promotes buffalo’s early antral follicle
growth; EGF supplementation and different combination of growth factors could

suppress the development of the follicles.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Before birth mammalian ovaries consist of large bhere of oocytes.
However, after birth the number of oocytes lossirdumeiotic division has been
observed (ven den Hurk and Zhou, 200B)e process involved the degenerate of
follicles is apoptosis which occurs in oocytes dgrfetal development and present in
granulosa cells among adult life (Hussein, 20053tuve oocytes are able to ovulate
less than 1 percent in many mammalian species @taal, 2004). Follicle atresia
that occur during estrous cycle may be becauseSéf Becrease or/and the larger
follicle directly inhibit development of smaller Ifele. (Driancourt, 2000; Evans,
2003). The follicle atresia is important problems whiclsul in limited number of
mature oocytes to be useful in reproduction (Cktréd, 2004). The alternative way
to preserve population of aviable follicle to predumature oocytes is follicle culture
in vitro. The first follicle culturein vitro was successful in mouse by Eppig and
O’brien in 1996. They produce a live pup born frorause primordial follicle culture.
Moreover, Yamamoto and co-worker 1999 able to produce a live calf born from
culture of small oocytes that were isolated fromyeantral follicles. After the first
farm animals were born, many researchers try torong small oocytes and small
follicle culture techniques in many species. Howewbe knowledge of follicle

development is still unclear. Additional growth t@ac and nutrient mey be



requied during the development of the follicle (Wedb al, 2004). Growth factor is
important to stimulate follicle growth, such as KGFEhat is able to improve the
differentiation of granulosa cells and stimulate ANynthesis of porcine follicle
(Zhou and Zhang, 2005). ITS stimulates granulogia geowth and selenium acts as
acceptor of free radicals during cell metabolisnGFEsupports preantral follicle
growth by increasing proliferation of granulosal€ednd changes granulosa cells
morphology (Saheet al, 2000). FGF is able to stimulate buffalo follictgowth
(Guptaet al, 2002) and bFGF presentedgranulosa cell of preantral follicle (Smitz
and Cortvrindt, 2002) involved granulosa cells fiime and stimulate DNA synthesis
of preantral follicle (Zhou and Zhang, 2005).

Previous reports tried to improve the developmehtsmall oocytes and
follicle culture by supplemented with growth factior many farm animals such as
ovine (Tamilmaniet al, 2005), caprine (Zhou and Zhang, 2005) and bo{tm et
al, 2006). Buffalo is the one of farm animal whosetuma oocyte is limited and low
guantity. Buffalo ovaries contain about 12,000-09,0f primordial follicle (Nandet
al, 2009). In Thai swamp buffalo, estrous cycle pnesene or two waves during
follicular development (Yindeet al, 2010). Estrousycle of buffalo starts round the
day of ovulation which follicle smaller than 5 mmitial grown and increase large
number of follicle. However, the number of follicteecreased because it underwent
atresia at the beginning of the second folliculaavex Then at the end of estrous
cycle, number of follicle decreased again until tlreninant follicle ovulated (Alet
al, 2003). Buffalo follicle undergo atresia duringetastrous cycle about 92% - 95%
(Feranil et al, 2005). The alternative way to produce more matooeytes for

reproductive system is follicle cultuine vitro.



1.2 Research objective

1.2.1 To study the effects of growth factors (IGEGF and bFGF) om vitro
growth of swamp buffalo early antral follicles.

1.2.2 To study meiotic division of oocytes devetmmt retrieved fronm vitro

grown early antral follicles after cultured in IVMedium.

1.3 Research hypothesis
1.3.1 Growth factors could support the developno¢mtarly antral follicles.
1.3.2 Oocytes retrieved from vitrogrown early antral follicles will be

develope to Ml stage after cultured in IVM medium.

1.4 Scope of the study
1.4.1 The effects of growth factors on the growthbaffalo early antral
follicles buffalo were examined by isolation eaalytral follicles from buffalo ovaries

by enzymatical and mechanical technigéedlicles were divided into 3 groups

depending on their diameters (group I: 200-399 group Il: 400-599 um and group
l1: 600-799 um). Follicles were embedded in colaggel and treated witim vitro
growth medium containing different types of groviélctors (IGF-I, EGF and bFGF)
for 14 days. The diameter of follicles was measuegdry 7 days using a video
micrometer (Olympus) on a screen connected to a @@Mera on an inverted
microscope.

1.4.2 The meiotic division of oocytes developmesatrieved fromn vitro

grown early antral follicles after cultured in IVMedium were examined by picking



out oocytes from the follicles after 14 days oftaré and sequentially cultured in
IVM medium for another one day. The oocytes werainsd with fluorescein
diacetate and observed under the ultraviolet ltghéxamine viability. The oocytes
nucleus were stained with Hoechst 33342 and obdewneler the ultraviolet light.

The meiotic stages of oocytes were checked byistpimith aceto-orcine dye.



CHAPTER I

LITERATURE REVIEW

2.1 Follicles and oocytes development

Mammalian ovaries divide into 2 parts including mia and cortex. Medulla
contains many kind of connective tissues and blaxssel. On the other hand, cortex
composes of many stages of follicle pool includimgmordial follicles, primary
follicles, secondary follicles and graafian folesl Each ovarian follicle contains one
oocyte and follicular cells, such as granulosascdtheca cells and cumulus cells.
During folliculogenesis, oocytes increase in sizd eesume to either meiotic division
or degenerate as show in figure 2.1. The pattefrislicculogenesis in mammalian
species are similarly morphology. However, timekesaf follicle development are
different depending on species. The time span whqrdial follicle form in sheep
fetal is around day 75 (McNatg al, 2007); 154 days in human fetal (Picton, 2000).
Follicles and oocytes initialy developed at 3 weelfer fertilization (Smitz and
Cortvrindt, 2002). Primordial germ cells are rapigtoliferating by mitotic divisions
and increase in number. During the developmenmgndial germ cells differentiate
to oogonia (Adamst al, 2008). After that, oogonia enter meiosis divisaom transits
to form primary oocytes. The first meiotic divisistarts at leptotene, zygotene, and
arrests at diplotene stage of meiotic prophase laddition, the sizes of primary
oocytes increased during diplotene stage arrestlaneloped to primordial follicle by

surrounded with a single layer of flattened preagtasa cells (Picton, H.M., 2000).



Primordial follicle initially develops to primaryoflicle, determined by the shape
of pre-granulosa cells from flattened to cuboidadl @rowing oocytes diameters. In
contrast, follicle at this phase is without the@ ¢ayer and oocytes without zona
pellucida. When granulusa cells rapidly proliferafiglicle will be surrounded by
layers that contain at least two layers of grarmiloslls, zona pellucida, and a theca
layer developed from interstitial stroma cells edlsecondary follicle. The next step
for follicle development is antral follicle characdzed by follicle contain with many
layers of granulosa cells and present antral cawvitich full-fill with follicular fluid
(Cortvindt and Smitz, 2001). The antrum capacitycsp increased is caused by
follicle growth to graafian follicle. At this stagéhe arrested oocytes at diplotene
stage start meiotic division until oocytes developmetaphase Il (M Il). Mature
oocytes arrest at M Il until ovulation. In caseoaicytes activated by sperms, oocytes
will be continued with a meiotic division to prodovum for fertilization (ven den

Hurk and Zhou, 2005).

Melotic Events Follicle Development
in Ovary

Before birth
Oogonium {stem cell)

. @ Follicle cells
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Figure 2.1 Follicles and oocytes development (Cumming, 2001).
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Follicle development in some species depends omdwal wave. This pattern is
called follicular wave (Baruselét al, 1996; Evans, 2003). Follicular wave causes by
the released of gonadotropin releasing hormone R@h-from hypothalamus to
stimulated the anterior pituitary gland to secrek&H (Barnettet al, 2006). After
that, the follicle is stimulated by FSH to initiallgrow and form antrum cavity.
Moreover, estrogen and activin which produced tanglosa cells will stimulate their
rapid proliferation. On the other hand, activinlwéstrain small follicle growth. Only
dominant follicle is able to continue growing (Mmuma et al, 1999; Webb et al,
2004). Dominant follicle produces estrogen andvattiand then negative feedback is

sent to suppress FSH.

Negative Feedback

will regulate the tonic
release of LH to support
the CL until PGF,, causes
CL regression

Hypothalamus

Graafian Follicle
Increase Estrogen
Production will
Stimulate LH surge

o
1§‘ Pituitary
&
» &
r w Progesterone
Positive
Feedback FSH LH
Stimulate FSH Stimulate LH
Receptor Receptor
Inhibin
Estradiol

Tonic LH release
maintaines CL

f Stimulate
Follicle Growth

Corpus Luteum
Initiates formation

Follicle e — of CL

Growth ~

Follicle

Figure 2.2 Hormonal regulation of reproduction (www.partnareproduction.com).
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FSH decrease is causes smaller follicle thatrstijlire FSH become atresia (\Wedtb
al, 2004). During dominant follicle growth, anteripituitary gland releases LH to
stimulate ovulation. In fact, dominant follicle frofirst follicular wave is unable to be
ovulated because the ovary still contains corpugum (CL) that produced
progesterone to inhibit LH pulse. After dominantlide in the first wave die,
estrogen that produced from granulose cells wilpdiThen, the initial released FSH
stimulates small follicle growth and continues e nhext follicular wave. Dominant
follicle from a new wave will be able to ovulateGLL disintegrate as show in figure
2.2 (Azawiet al, 2009). Normally, number of follicular wave wagfeient depending
on species, such as 2-3 waves in bovine, 3-4 svewvgoat, and 1-2 waves in horse
(Evans, 2003).

During follicle develop in follicular wave; thereeathree important events
(recruitment, selection, dominant) for the selectof growing follicle as show in
figure 2.3. The first event is recruitment whichcors when FSH increases and
stimulates primordial follicle growth. However, theocytes are still arrested at
prophase of meiosis. When oocytes grow until zoglugida exist. There are initial
resume to meiosis (McGee and Hsueh, 2000). Howevesglection process, most of
follicles undergo atresia. This may because ofdberease of FSH and/or the larger
follicle directly inhibit development of smaller Ificle. The last event of follicle
selection is dominant, at this event, dominantdialis fully grown and contain with

a mature oocyte and all of smaller follicles arenptetely atresia (Driancourt, 2000).
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2.2 Follicles cultureinvitro

The mammalian ovaries consist of many stages diclolpool. However,
most of the mammalian follicles can not get ovudaecause of undergo atresia, that
cause limited number of mature oocytes ovulatecgaddition, follicle that is able to
ovulate is less than 1 percent in many speciesr{Giaal, 2004). Before birth,
mammalian ovaries consist of a large number of @s¢ysuch as in rodents with
50,000-75,000 oocytes; in human with 7,000,000 tescyand 2,700,000 oocytes in
cows. On the other hand, after birth the numbemaéytes loss during meiotic
division, such as 10,000-15,000 remaining oocytesodents, 700,000 remaining
oocytes in human and 135,000 remaining oocytesowsc(ven den Hurk and
Zhou,2005). Moreover, during folliculogenesis, mast follicles become atresia

because larger follicle inhibits smaller follicleogvth. In other word, it is the negative
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feedback that decreases FSH level during follieleetbpment (Driancourt, 2000) and
mature oocytes could not get ovulated because sr@gme form CL inhibits LH
release (Azawet al, 2009). The process involves degeneration ofdellis apoptosis
which occur in oocytes during fetal live and prasdnn granulosa cells in adult live
(Hussein, 2005). Ovarian follicles could be classifinto 4 groups following the
follicular histology: 1) Healthy follicles consisif intact granulosa layer complexs
which are well organized, 2) Early atretic follislevhich have less number of
degenerated cells of granulosa layer, 3) Advandeeti@a follicles have a lot of
degenerated cells of granulosa layer and 4) lagti@afollicles which do not have any
granulosa layer (Nakas al, 2005).Apoptosis occurred in oocytes and follicular cells
resulted in the limited number of mature oocyteat tiare useful sources for
reproduction. Therefore, techniques for small &tdliculture before becoming atresia
have been used as an alternative way to producesaewe of oocytes for livestock
production such a@ vitro fertilization (IVF), cloning and intracytoplasmgperm
injection (ICSI). Additionally, another advantagé small follicle culture is to
understand the mechanism of follicle and oocytevgjio

Culture systems of small oocytes or small follictesild be divided into 4
methods; 1) organ culture (Eppig and Brien, 199ppocyte granulosa cell complex

(OGC) culture (Yousaf an@hohan, 2003Santoset al, 2006), 3) oocyte-cumulus

complexes with pieces of parietal granulosa (OCCA}) and follicle culture

(Yamamotoet al, 1999; Miyano, 2005; Kreegest al. 2006). Techniques that are

wildly used to isolate small follicle can be divildéo two techniques. First, a
mechanical technique using fine forceps (Yamameital, 1999), shape needle

(Gutierrezet al, 2000; Alm et al, 2006) and tissue chopper (Salah 2000; Santos et
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al, 2006) to insolate follicle. Second, an enzym&tchnique which can be done by
used enzymes to digest ovarian tissue from follicledditional, the important aspect
for use enzyme is a suitable time for digestionalwhs varied by types of enzyme and
species. collagenase type | and IV (Eppig and @BriL996; Zhou and Zhang, 2005).
The first follicle culturein vitro was successful in mouse by Eppig and
O’brien in 1996. They used organ culture system @@&C culture system to culture
mouse primordial follicles. Aftemm vitro culture, oocytes develop to germinal vesicle
break down (GVBD) 32% and metaphase Il (MIl) 22%l ateavage to 2-cell stage
21%. In turn, one living pup delivered from embiyansfer and the other died soon
after delivery. The successful primordial follicleslture in mouse enlightens the idea
of small oocyte cultures in many mammals. In 1988, first farm animal born from
OCCG culture by Yamamoto and co-workers. They caftubovine early antral
follicles with the diameter of 0.5-0.7 mm by embwddthe follicle in collagen gel.
The result of this research was that 27% of oocgmsloped to MIl stage. After
IVF, 3.7% of the embryos developed to blastocysyestand after transferred embryos
to recipients a live calf was born. After the fifatm animal born, many researchers
have been trying to improve small oocytes and siadlicles culture technique in
many species including bitch (Bolaméizal, 2002), bovine (Tamilmanet al, 2005),
goat (Zhou and Zhang, 2005), and buffalo (Gugtal, 2002). It has been several
years that researchers are trying to understanarpertant factors that are involved
with oocytes and follicles growth. However, thesetbrs that effect oocytes and
follicles development remain unclear. Growth faagone factor which is important
for follicle development. Preantral follicle andriyaantral follicle presented insulin-

like growth factor-1 (IGF-1) during development (lee and Hsueh, 2000; Picton,



12

2000) which involved with follicle sensitive to FStdused by IGF-I stimulate FSH
receptors on granulosa cells and enhance actianditheca cells for initialed antrum
formation (van den Hurk and Zhao, 2005). In theruitimng event, the increase of
IGF-I concentration has an effect on an increasimgber of follicle. IGF-I and IGF-
Il are able to make follicle sensitive to LH (Dr@urt, 2000). Nevertheless, higher
concentration of IGF-I1 may decrease the follicleovgth (Webb et al, 2003).
Additionally, basic fibroblast growth factor (bFGPByesented in granulosa cells of
preantral follicle (Smitz and Cortvrindt, 2002) whi involved granulosa cells
function and stimulates DNA synthesis of preantodlicle (Zhou and Zhang, 2005).
Epidermal growth factor (EGF) is found in primawoflicle, which have function on
granulosa cells proliferation (Picton, 2000). EGHEmslates granulosa cell
proliferation in bovine and porcine and involve rpary follicle development to
secondary follicle in porcine; although it is urmabio stimulate granulosa cell
proliferation in rat and cat (Zhou and Zhang, 200&dditionally, EGF could be
involved in DNA synthesis, increased follicle diaereand able to induce follicular
cells proliferation in goat and sheep (Rajaraginal, 2006). insulin-transferin-
selenium (ITS) is able to preserve follicle cultuselenium functions like an accepter
of free radicals generated by cell metabolism (Saha, 2000). Insulin is able to
increase production of estradiol from granulosdsadel small antra follicle (Weblet

al, 2003) which increases absorption of amino aciud glucose for metabolism
(Demeesterest al, 2005) and fibroblast growth factor (FGF) is albde stimulate
buffalo follicle growth (Gupteet al, 2002). The function of many growth factors is
important to preserve viable follicle during cukur However, the optimal

concentration of growth factor for follicle cultune different mammalian species is



13

still unclear and requires a continuous researchvestigate a suitable concentration
of growth factor for follicle culture. In 2005, Zhg and Zhou studied the effect of
EGF and IGF-I on caprine preantral follicle. Theuks showed that EGF (50 mg/l)
increased the survival rate of oocytes, but thevtjrarate of oocytes decreasdd.
addition, IGF-1 (100 mg/l) preserved the survivater of oocytes and increased the
growth rate of oocytes. The result showed that tascgultured in EGF and IGF-I
together had higher survival and growth rates tbginer EGF or IGF-I treatment
alone. Bolamba and co-workers (2006) reported H@FE had no effect on both of
granulosa cells expansion and nuclear maturatiom. tli2 other hand, medium
containing EGF (50 ng/ml), follicle-stimulating moone (FSH; 0.5 pg/ml) and
luteinizing hormone (LH5 pg/ml) significantly improved granulosa cells arpion

in dog oocytes. Additionally, the study of effedtgrowth factors on goat preantral
follicles indicated that EGF (50 ng/ml) and FSH (#&/ml) were able to increase
follicular diameter by inducing new DNA synthesis the follicular cells and
increased follicular cell numbers. In contrastnsf@rming growth factoe: (TGF-u;

10 ng/ml) and insulin-like growth factor-1l (IGF:I120 ng/ml) were unable to increase
follicle diameter and follicular cell numbers ofagreantral follicle (Rajarajagt al,
2006). Moreover, the results of bovine preantral folliclesltured in medium
supplemented with FSH (100 ng/ml) alone, FSH plG$E100 ng/ml), FSH plus ITS
(1%; 6.25 pg/ml insulin, 6.25 pg/ml transferring2® ng/ml seleniumpr FSH plus
hypoxanthine (4 mM), showed that follicles cultuiedmedium supplemented with
FSH alone or FSH plus EGF was significantly larthem follicles cultured in other
supplements (Sala al, 2000). In contrast, the results of culture prearfollicle in

sheep showed that TGF{2.5 ng/ml) and FSH (1 and 2 pg/ml) were suitdble
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sheep preantral follicles culture and oocytes caldgelop to MIl stage. Oocytes
cultured in medium containing EGF (50 ng/ml) didt nmature to MIl stage
(Tamilmaniet al, 2005). However, the present studies of smalidiellculture are still
limited and are unable to produce good quantitynafture oocytes. Additional
research is needed in small follicle to understi@uatiors that are suitable for culture

condition.

2.3 Buffalo

Buffalo (Bubalus bubalis) could be classified into two sub-species depandin
on number of diploid chromosome (2n); the riverimgffalo contains 50 couple
of diploid chromosome and the swamp buffalo cdneis48 couple of diploid
chromosome. The buffalo that are found in SouthAagt are swamp buffalo, which
remain less number when compared with riverine ddaff Buffalo ovarians are
smaller than bovine (Presicce, 2007) and contai®Q219,000 primordial follicle
(Nandiet al, 2009). Thai swamp buffalo estrous cycle contains or two follicular
wave during the follicle development (Yindeeal, 2010). Estrous cycle of buffalo
starts around the day of ovulation which the fiodlicular wave occurs during day 1-
4 by follicle that smaller than 5 mm initial growAt this wave buffalo ovarian
contain with large number of follicle and domindaliicle present at day 4 or 5 of
estrous cycle. However, the number of follicle @éase during day 5-10 and then
increase again during day 11-17 that mean domifddintle at first wave undergo
atresia and the second follicular wave start. tn,tduring end of estrous cycle at day
18-21 the number of follicle decrease again urdihdhant follicle become ovulation

(Al et al, 2003). Moreover, during estrous cycle, buffaltidte becomes to undergo
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atresia 92% — 95% (Feram al, 2005). In Thai swamp buffalo, the follicle deveto
in estrous cycle and they form one or two folliculsaves (Yindeeet al, 2010).
However, the mature oocytes that are able to gelated and used for reproductive
system are still low because of atresia. The atera way to produce more mature
oocytes for reproductive system is follicle culturevitro. Gupta and coworkers
(2002) studied buffalo preantral follicle cultufghey compared individual culture of
buffalo preantral follicle with group culture (2g¥reantral follicles in a group) and
examined the effects of FSH (0.05 IU/ml), ITS (1%)GF (50 ng/ml), FGF (50
ng/ml) and vasoactive intestinal polypeptide (VB® ng/Im) on buffalo preantral
follicle culture. They found that preantral follkd cultured in groups had higher
growth rate than individual culture and all of tsapplementation were able to
increase follicle size. Additionally, ITS was alite increase buffalo follicle growth.
FSH and FGF alone are involved with follicle growBGF and VIP require FSH for
stimulate follicle grow. Furthermore, the studietioe culture of preantral follicle
from buffalo fetuses showed that FSH (0.5 mg/mi)spEGF (100 ng/ml) and ITS
(1%) improved the survival rate and the growth wHtbuffalo fetal preantral follicles,
whereas follicles that cultured in medium suppleteérnwith EGF plus ITS were
unable to increase in size and became degener@tadotet al, 2006). Moreover,
Gupta and coworkers (2008) found that cumulus ealts ovarian mesenchymal cells
are able to increase preantral follicle diameteenvho-cultured with buffalo follicle.
However, the previous reports of buffalo smallitdd culture were unsuccessful. The
percent of small oocytes developed to MIl was $bW and unable to produce calf
born from small oocytes or small follicles cultuhdoreover, previous reports showed

that several growth factors could support smalidi@ls growth in culture. However,
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the growth factors used depended on species. Thigothéor cultured buffalo small
follicles is needed to be improving. The suitablevgh factors are needed to be

investigated for culture buffalo small follicle.



CHAPTER Il

MATERIALS AND METHODS

3.1 Materials and methods
3.1.1 Isolation of early antral follicles

Buffalo ovaries were obtained from a slaeghouse and placed in
isotonic sodium chloride solution (0.9% NaCl) abmotemperature to transport to the
laboratory. The ovaries were washed in 70% ethfondl min and then washed once
in 0.9% NacCl for 1 min. The washed ovaries weressactinto small pieces (1-2 mm)
by a surgical blade. The minced tissue were wash@d®% NaCl 3 times and placed
in HEPES (H-4034, Sigma) -buffered TCM 199 (M-505igma) containing 0.1%
collagenase type IV (17104-019, Gibco) and 40simtDNase (10 104 159 001,
Roche), then incubated at 37°C for 1 hour. After digestion, the healthy follicles
(Figure 3.2) were isolated by using fine forceps HEPES-buffered TCM 199
supplemented with 300 IU/ml penicilin G (P-3032jgi@a) and 0.3 mg/ml
streptomycin (S-9137, Sigma) under a stereomicqms¢bigure 3.1). The diameter of
follicles were measured with a video micrometery(@bus) on a screen connected to
a CCD camera on an inverted microscope to categamnip 3 groups depending on
their diameters (group I: 200-399 um, group II: €8® um, group lIl: 600-799 um)

as showed in figure 3.3.
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Figure 3.1 Early antral follicles isolation of buffalo ovas€A). Ovaries were excised
by a surgical blade (B). Small pieces of ovariasues after excision (C).

Follicles were isolated by using fine forceps (D).

3.1.2In vitro growth on early antral follicles
Early antral follicles were embedded inlagén gel. A collagen mixture
was made by mixing a 0.3% acid collagen solufiGellmatrix Type I-A, Nitta
Gelatine, Japan), 10 time-concentrated TCM 199, @@® N sodium hydroxide
solution (Carlo Erba) containing 22 mg/ml NaH{@S-5761, Sigma) and 47.7 mg/ml
HEPES, at a ratio of 8:1:1 (v:viv) on ice. Baseelaywas made by using 0.4 ml

collagen mixture aliquoted into 4—well dish (Nurefd placed on a warm plate
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at 35°C for 5 minutes. Four early antral folliclesre placed onto the base layer. The
remained collagen mixture was placed into the wateé25°C for 5 minutes and then
0.4 ml of the mixture was poured on the base lagatained four early antral follicles
to make the top layer and the dishes were incukatt&@°C for 10 minutes. After the
gelatinization, 5 ml of thén vitro growth medium (IVG); TCM 199 supplemented
with 2 mM L-glutamine (G -5763, Sigma), 0.23 mMdsaan pyruvate (P-5280,
Sigma), 2 mM Hypoxanthine (P-5280, Sigma) 1% IT3884, Sigma: Insulin 6.25
pa/ml, Transferrin 6.25 pg/ml, Selenium 6.25 ng/mMIpO 1U/ml penicillin G, 0.1
mg/ml streptomycin, 1 pg/ml FSH (FolltropifRvBellevi, Ontario, Canada ) was
poured onto the gel containing the follicles, amént cultured at 38.5°C under
a humidified atmosphere of 5% G@n air for 14 days. Half volume of the IVG
medium was replaced every 2 days. The diametetleofollicles were measured at

day 7 and 14 with a video micrometer on a screemected to a CCD camera on an

inverted microscope.

Figure 3.2Healty follicle consisted of intact granulosa lagemplex and well organized
arrangement (A) and atretic @dihad plentiful degenerate cells of granulosa

layer (B, magnification: 40x).
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Figure 3.3 The diameters of the follicles were measured withideo micrometer on a
screen connected to a CCD camera on an invertedosompe. The
categorization of follicles into 3 groups at day §roup | diameters 200-
399 um (A), group 11 400-599 um (B) and group 006799 um

(C, magnification: 40x)

3.1.3 Experimental design
The experiment was designed to evaluateeffect of growth factors,
IGF-I (1-3769, Sigma), EGF (E-9644, Sigma) and bR&B256-029, Invitrogen) on
thein vitro growth and the viability of the 3 groups of buéfdbllicles. The selected

early antral follicles were cultured in 8 differdntatments as described in Table 3.1.
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Table 3.1Buffalo early antral follicles cultured in to &#atments.

bFGF IGF-I EGF
Treatments
(50 ng/ml) (200 ng/ml) (50 ng/ml)
1 - - -
2 + - -
3 - + -
4 - - +
5 + + -
6 + - +
7 - + +
8 + + +

3.1.4 Maturation of in vitro growth on buffalo oocytes

The cultured early antral follicles weexovered from the collagen gels with
fine forceps. The follicles were opened to collda® oocytes and were placed in
Dulbecco’s phosphate buffer saline (mDPBS) suppigete with 0.1%
polyvinylpyrrolidone (PVP) (P 0950, Sigma) undestareomicroscope (Figure 3.3).
The oocytes were washed 3 timesnrvitro maturation medium (IVM) consisting of
TCM 199 medium supplemented with 10% fetal bovieeusn (FBS, 10270-098,
Gibco), 50 1U/ml hCG (CDN781851, Intervet), 0.02 A FSH (Antrif®, Denka
Pharmaceutical, Japan) abhdig/ml 173-estradiol (E-8875, Sigma). Twelve oocytes
were transferred to 50l drops of IVM medium under mineral oil (M-8410,g&1a)
and were cultured at 38.5°C under humidified atrhesp of 5% C@in air for 24

hours.
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Figure 34 Oocytes retrieved fromm vitro growth on early antral follicles before being

cultured in IVM medium (magnification: 100x).

3.1.5 Oocytes viability staining
The cumulus cells of cultured oocytes weeenoved by repeated
pipetting in 0.2% hyaluronidase (H-3506, Sigma) ahdn washed 3 times in
mDPBS+PVP. The denuded oocytes were stained wsthd@ml fluorescein diacetate
(FDA, F7378, Sigma) for 2 minutes and washed 3 dimemDPBS+PVP. Later on,
the oocytes viability were examined under ultragidight with the video micrometer
on a screen connected to a CCD camera on an idvaitgoscope.
3.1.6 Oocytes nucleus staining
After viability staining, the oocytes weravashed 3 times in
mDPBS+PVP and then stained with 5 ug/ml Hoechs#338-2261, Sigmafor 15
minutes. After stained, oocytes were washed 3 timesDPBS+PVP. The oocyte
nucleus was checked under the ultraviolet lighhwlite video micrometer on a screen

connected to a CCD camera on an inverted microscope
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3.1.7 Fixing and staining oocytes
The oocytes were mounted on slides and tixed by incubation into
acetic alcohol solution containing gracial acetitcdaand 95% ethanol alcohol (1:3,
v:v) for 1 day. After that, oocytes were stainedhaaceto-orcein dye for 10 minutes
and washed in washing solution containing glyce®éb6 ethanol and water (1:1:1,
v:viv). The stages of oocyte were determined withico micrometer on a screen
connected to a CCD camera on an inverted micros@agare 3.4).
3.1.8 Statistical analysis
Effects of growth factors (IGF-I, EGF abBGF) onin vitro growth of
swamp buffalo’s early antral follicles were detemed. The experiments were
performed for at least 10 replications. The experita were designed in Completely
Randomized Design (CRD). Analyses of variance veer@yzed and comparisons of
means were done by Statistical Analysis System (8&&tute, Inc., 1993). Oocytes

viability (FDA) and oocytes stages results werd@at@ad by Chi-square.
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Figure 3.5Meiotic stage of oocytes after stained with aagiein dye. GV stage (A),
Ml (B), degenerate chomosome (C, magnification 40@xd absence of

chromosome (D, magnification 200x)



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Results

4.1.1 Effects of growth factors on the growtof swamp buffalo’s early

antral folliclesn vitro.

The results showed that buffalo follichegroup | @ 200-399 um) were

able to grow when cultured in medium supplement&tt WFGF, bFGF+IGF-I, and
either were the follicles in a controlled treatméra supplementation). The percent of
follicular development are 8.7, 7.5 and 6.8 redpelst The statistical analysis
showed that the percent development of follicle3itreatments had no significant
difference, whereas the follicular development @ltbFGF, bFGF+IGF-I and control
treatment was significantly difference when compgaxeith follicles cultured in
medium supplemented with IGF-I, EGF, bFGF+EGF, IBEGF and bFGF+IGF-
I+EGF. Follicle cultured in medium supplementedhMGF-I had only 1.7% of
follicular development and follicle cultured in mecdh supplemented with EGF,

bFGF+EGF, IGF-I+EGF and bFGF+IGF-I+EGF were unatdegrow after the
treatment. The buffalo follicle in group 113(400-599 pum) which were cultured in
medium supplemented with bFGF, bFGF+IGF-I, contrehtment and IGF-I were

able to grow after culture. The statistical anaysevealed that the percent

development were not significantly difference biie tpercent development of



26

follicle in medium supplemented with bFGF was dligantly higher than IGF-I
(21.6%) and controlled treatment (26.1%). None mof ollicle cultured in medium

supplemented with EGF, bFGF+EGF, IGF-I+EGF and bAGF-I+EGF was able to

grow . Lastly, the buffalo follicles in group X 600-799 um) that were cultured in

medium supplemented bFGF (32.7%) had a signifigdmglher growth rate than IGF-
| (19.0%), bFGF+IGF-I (11.8%) and controlled treatrh(12.8%). However, follicles
cultured in medium supplemented with EGF, bFGF+EGQEF-I+EGF and

bFGF+IGF-I+EGF were unable to grow (Table 4.1).

4.1.2 Effects of growth factors on the morphologyfdouffalo ‘s early antral

follicles afterin vitro culture

Every group of follicles cultured in medium suppkmed with bFGF,
bFGF+IGF-I and control treatment were able to gedfter being cultured at day 7
and 14. The follicles increased in diameter an@ &blform an antrum-like structure.
The developmental follicles consisted of antrumcspaas filled with follicular fluid
inside. Moreover, the follicular cells inside andtside of the follicles were able to
divide which resulted to the increase of the nunddesells. The follicles in group I,
group Il and group Il cultured in medium supplensehwith EGF, bFGF+EGF, IGF-
I+EGF and bFGF+IGF-I+EGF were unable to grow alfteing cultured at day 7 and
14. Those follicles were flat in shape and attactzethe collagen gel. The follicles
were unable to produce follicular fluid while falilar cells were able to multiply

themselves (Figure 4.1, 4.2, and 4.3).
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Table 4.1Effects of growth factors on buffalo’s early anti@llicles development

invitro.

Follicle development from day 0 — day 14

(%)

Growth factors
Group |

(@ 200-399 um

Group Il
(2 400-599 pm

Group 1l

(@ 400-599 um

8/117
Control (6.8)
bEGF 9/103?2
(8.7)
GE-I 2/115°
(1.7)
0/107°
EGF 0.0)
9/1202
bFGF+IGF-I (75)
0/115°
bFGF+EGF 0.0)
0/110°
IGF-1+EGF 0.0)
bFGF+IGF-I+EGF 0/108"
(0.0)

30/11%°
(26.1)

52/116°
(44.8)

25/116°
(21.6)

0/119°
(0.0)

44/118°
(37.3)

0/116°
(0.0)

0/110°
(0.0)

0/119°
(0.0)

14/109°
(12.8)

35/107
(32.7)

20/105°
(19.0)

0/96°
(0.0)

13/11¢°
(11.8)

0/108°
(0.0)

0/116°
(0.0)

0/93°
(0.0)

abe\ean within columns with different superscriptsfelif(P<0.05, Chi-square).
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Day O Day 7 Day 14

Growth factors

Control

bFGF

IGF-I

EGF

bFGF+IGF-I

bFGF+EGF

IGF-I+EGF

bFGF+IGF-I+EGF

Figure 4.1 Morphology of early antral follicles from buffala igroup | (diameters

200-399 um) aftein vitro culture (magnification: 40x).
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Growth factors Day O Day 7 Day 14

Control

bFGF

IGF-I

)

EGF

o u

bFGF+EGF

IGF-I+EGF

bFGF+IGF-I+EGF

Figure 4.2 Morphology of early antral follicles from buffalm igroup 1l (diameters

400-599 pm) aftein vitro culture (magnification: 40x).
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Growth factors Day 0 Day 7 Day 14

Control

bFGF

IGF-I

EGF

bFGF+IGF-I

bFGF+EGF

IGF-I+EGF

bFGF+IGF-I+EGF

Figure 4.3 Morphology of early antral follicles from buffalm igroup 1l (diameters

600-799 um) aftein vitro cultured (magnification: 40x).
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4.1.3 Effects of growth factors on llacular diameter after in vitro

culture.

The diameters of follicles that wereatesl with bFGF+IGF-1 in group |
measured at day 7 significantly increased agaimstfollicles cultured in medium
supplemented with bFGF and controlled treatmené dbverage diameter of follicles
from day O - day 7 were at 212.2 um, 110.1 um &hd gm, respectively. However,
the follicular diameters of bFGF treatment in grdupeasured at day 14 significantly
increased in diameter when compared with follidlescontrolled treatments and
follicles cultured in medium supplemented with bRFGIGF-1. The average follicular
diameters from day 7- day 14 were at 304.3 um,5La#h and 100.6, um respectively

(Figure 4.4 and table 4.2).

1200
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—e- DbFGF
10004 | -v-- bFGF+IGF-I v
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®
200 ! : :
DO D7 D14

Day of culture

Figure 4.4The growth of early antral follicles from buffalo group | (diameters

200-399 um) aftervitro culture.



Table 4.2Effects of growth factors on the growth of earlyrahfollicles from buffalo in group | (diameter@-399 pm).

Growth factors

Follicle diameter (um)
(mean £ S.M.E.)

Increasing follicle diameter (um)
(mean £ S.M.E.)

Day O Day 7 Day 14 Day 0-Day 7 Day 7-Day 14
Control 335.8+4.9 402.2+10.% 559.7+17.9 66.4+7.6 157.5+9.3
bFGF 355.643.2 465.6+8.18 769.9+22.8 110.1+7.% 304.3+17.8
bFGF+IGF-I 371.3+1.8 583.6+8.7 684.2+14.7 212.2+8.3 100.6+7.2

2PMean within columns with different superscriptsfelif(P<0.05, CDR).

A
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The increasing average follicular diameters in grdumeasured at day 7 bFGF+IGF-
l, IGF-1, bFGF and controlled treatment were ngngicantly different. The averages
of follicular diameters from day O - day 7 were2d0.3 um, 210.3 um, 196.5 um and
165.8 um respectively. However, the diameters dicfes treated with bFGF in
group Il measured at day 14 were significantly bigthan that of follicles cultured in
medium supplemented with IGF-I, bFGF+ IGF-I and tecolled treatment. The
averages of follicular diameters from day 7- dayviere at 387.6 um, 260.1 pm,

192.1 um and 228.0 um, respectively (Figureathdbtable 4.3).
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Figure 4.5The growth of early antral follicles from buffalo group Il (diameters

400-599 um) aftervitro culture.



Table 4.3Effects of growth factors on the growth of earlyrahfollicles from buffalo in group Il (diameted90-599 pm).

Growth factors

Follicle diameter (um)

(mean £ S.M.E.)

Increasing follicle diameter (um)

(mean £ S.M.E.)

Day O Day 7 Day 14 Day 0-Day 7 Day 7-Day 14
Control 532.3+8.1 698.1+13.9 926.0+16.8 165.8+9.8 228.0+10.8
bFGF 500.5+5.9 697.0+12.7 1084.6+19.4 196.5+9.9 387.6x15.9
IGF-I 502.6+6.4 712.8+9.9 973.0+21.6° 210.3+9.0 260.1+15.6°
bFGF+IGF-I 512.6+4.6 732.949.9 925.0+19.3° 220.3+8.6 192.1+14.8

aPMean within columns with different superscriptsfelif(P<0.05, CDR).

ve
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The follicular diameters in group Il supplementeith bFGF measured at day 7 were
found to be largely increased in diameters thandh#ollicles in controlled treatment
and cultured follicles in medium supplemented wiB+-I and bFGF+IGF-I. The
averages of follicle diameters from day O - dayéfev259.1 um, 211.7 um, 184.8 um
and 107.5 um, respectively. Moreover, folliculaardeters in group Ill measured at
day 14 were similar to day 7. The follicles cutdrin medium supplemented with
bFGF were able to increase in follicular diametdesger than the follicles in
controlled treatment and the follicles culturednredium supplemented with IGF-I
and bFGF+IGF-I. The averages of follicle diamefeosn day 7 - day 14 were 230.4

pm, 152.5 um, 101.3 pum and 60.0 pm, respectivédyi(€ 4.6 and table 4.4).
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Figure 4.6 The growth of early antral follicles from buffalo group Il (diameters

600-799 um) aftervitro culture.



Table 4.4Effects of growth factors on the growth of earlyrahfollicles from buffalo in group Il (diamete®)0-799 pm).

Follicle diameter (um) Increase in follicle diameter (pum)
Growth factors (mean £+ S.M.E.) (mean £ S.M.E.)
Day 0 Day 7 Day 14 Day 0-Day 7 Day 7-Day 14
Control 686.1+4.8 897.8+10.7 1050.3+19.8 211.7+9.6° 152.5+12.9°
bFGF 684.7+4.7 943.9+14.2 1174.3+19.8 259.1+14.% 230.4+13.8
IGF-I 714.3+5.8 899.0+12.6 1000.3+19.8 184.8+9.7" 101.3+14.%
bFGF+IGF-I 697.55.4 805.0+8.8 865.0+11.2 107.5+5.6 60.0+4.2

2PMean within columns with different superscriptsfelif(P<0.05, CDR).

o¢
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4.1.4 Effects of growth factors on oocytes viabiltand meiotic division

The oocytes viability rate in all the tir@@nts in group | that were able
to grow and increase in diameters after being oedtufor 14 days was not
significantly difference except with the folliclesultured in medium supplemented
with bFGF+IGF-1 whose oocytes viability rate wagrsficantly lower than bFGF
treatment and controlled (Table 4.5 and figure .4539wever, checking the meiotic
stage by staining the viable oocytes from folliakecontrol treatment, bFGF and
bFGF+IGF-1 were found to be arrested at germinalcle stage (GV).

In group I, the viability rate of oocytesultured in medium
supplemented with bFGF was significantly highemtHallicle cultured in medium
supplemented with bFGF+IGF-I. However, the viabitiate of oocytes from follicles
in controlled treatment, IGF-1 and bFGF+IGF-I wamnet significantly difference
(Table 4.6 and figure 4.8). The results of meist&ge found that only oocytes from
follicle cultured in medium supplemented with bF@€ere able to development to
metaphase | (MI). Oocytes from other treatment veerested at GV stage.

The viability rate of oocytes from follictltured in controlled and IGF-I
treatment in group Il had a significantly higherahility rate than the follicles
cultured in medium supplemented with bFGF and bAGIFH (Table 4.7 and figure
4.9). Additionally, the oocytes from follicles irortrolled treatment and in medium
supplemented with IGF-1 and bFGF were able to dgvdb MI stage oocytes.

However, oocytes from 4 treatments were arrest€&Mastage.



Table 4.5Effects of growth factors on oocytes viability ameiotic stages after IVM of buffalo’s early antfallicles in group |

(diameter 200-399 um)

Oocytes viability
Growth factors

meiotic stages

(%) GV MI Degenerate Chromosome not found
(%) (%) (%) (%)
9/9 7/9 2/9
Control 0 0
(100) (78) (22)
8/19 6 2/8
bFGF 0 0
(89) (67) (25)
5/ 4 1/5
bFGF+IGF-I 0 0
(56) (80) (20)

aPMean within columns with different superscriptsfelif(P<0.05, Chi-square).

8¢



Table 4.6Effects of growth factors on oocytes viability ameiotic stages after IVM of buffalo’s early antfallicles in group I

(diameter 400-599 pum)

Oocytes viability
Growth factors

meiotic stages

(%) GV M Degenerate Chromosome not found
(%) (%) (%) (%)
16/30%° 15/16 1/16
Control 0 0
(53.3) (93.8) (6.3)
32/52% 28/32 2/32 1/32 1/32
bFGF
(61.5) (87.5) (6.3) (3.1) (3.1)
13/25% 13/13
IGF-I 0 0 0
(52.0) (100)
14/44° 14/14
bEGF+IGF-I 0 0 0
(31.8) (100)

aPMean within columns with different superscriptsfelif(P<0.05, Chi-square).

6€



Table 4.7Effects of growth factors on oocytes viability ameiotic stages after IVM of buffalo’s early antfallicles in group i

(diameter 600-799 um)

Oocytes viability
Growth factors

meiotic stages

(%) GV MI Degenerate Chromosome not found
(%) (%) (%) (%)
Control 7/14 27 27 27 1/7
(50) (28.6) (28.6) (28.6) (14.3)
bFGF 5/35 3/5 1/5 1/5
(14.3) (60) (20.0) (20.0) 0
IGF-I 821 6/8 2/8 0 0
(38.1) (75) (25.0)
bFGF+IGF-I 1/13° 1/1
(7.7) (100) X 0 0

ab9\ean within columns with different superscriptsfelif(P<0.05, Chi-square).

oy
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Figure 4.7 Oocytes retrieved from follicles in group | (diat@es 200-399 pm).
Cumulus cells were removed after being cultured Zdr hours (A),
oocytes viability after stained with FDA (B), ooegtbefore stained with
Hoechst 33342 (C) and oocytes nucleus after stawmigld Hoechst
33342 (D). The arrows indicated the viable oocytemgnification:

100X).
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Figure 4.8 Oocytes retrieved from follicles in group Il (diaters 400-599 pm).
Cumulus cells were removed after being cultured Zé hours (A),
oocytes viability after stained with FDA (B), ooegtbefore stained with
Hoechst 33342 (C) and oocytes nucleus after stamigh Hoechst
33342 (D). The arrows indicated the viable oocyfemgnification

100x).
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C

Figure 4.9 Oocytes retrieved from follicles in group Il (dmeeters 600-799 um).
Cumulus cells were removed after being cultured Zdr hours (A),
oocytes viability after stained with FDA (B), ooegtbefore stained with
Hoechst 33342 (C) and oocytes nucleus after stamigh Hoechst

33342 (D). The arrow indicated the viable oocytaagnification 100x).

4.2 Discussions

Early antral follicles from buffalo cultured in med without any
supplementation (controlled treatment) in all 3ugr® were able to grow after being
cultured for 14 days as indicated by the increafglitular diameter, produced
follicular fluid, and increased a number of folliaucells. However, a few percents of

follicles developed in group | was lower than grou@and group Il respectively.
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This incidence might be because the follicles iougr | have a smaller size, which
resulted in an early formation of antrum space toatains a fewer of follicular fluid
and follicular cells. Therefore, almost all foled in group | were unable to develop,
increased antrum space, follicular cells and predufllicular fluid afterin vitro
culture. Additional growth factors, hormones andiriemts may be required to
complete the processes mentioned earlier. Thecligdliin group 1l were able to
develop better than that in group | because the aiznitial follicle was bigger than
that of group I. Moreover, follicles contain a largantrum space, more follicular cells
and more follicular fluid. Base on these facts, tbiéicles in group Il were able to
increase antrum space, follicular cells and folacdluid better than those of group I.
The follicles in group Il had the largest size amgoother groups, which made the
follicles in this group contain a larger antrum gpand produce more follicular cells
and follicular fluid than group | and group Il. Hewer, a few percent of follicular
development in this group was lower than group hick may be as a result of the
absence of some essential growth factors, hormandsnutrient. In addition, the
cocktail used in this experiment might not be égor development of follicles in
group lll. Therefore, a few percent of folliculaevcelopment in group Il was lower
than that of group II.

The early antral follicles from buffalo cultured medium supplemented with
bFGF in all groups of follicles were able to grofteabeing cultured for 14 days. The
follicles in group Il and group Il had a signifita higher percent of follicular
development than other treatments, but a percefdlafular development in group |
was not significantly difference as compared wita tontrolled treatment. The result

of this study is inconsistent with previous repdysZhou and Zhang in 2005. They
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cultured small follicles from goat and found th&GF were able to increase survival
rate of follicles but did not have any effects e follicular development. However,
the results of this study showed that bFGF is bletéor follicles cultured in group Il
and group Ill. The follicles in group | may requilditional growth factors,
hormones and nutrients to support the folliculared@ment.

The early antral follicles from buffalo that weredted with IGF-1 in group |l
and group Il were able to develop after culturedt la percent of follicular
development was not significantly difference froomtrolled treatment. In contrast, a
few percent of follicular development in group | re@esignificantly lower than
follicles in controlled treatment. The results bifst experiment indicated that IGF-I
was not suitable to culture follicles in group IdalGF-1 had no effect on follicular
development in group Il and group Ill. The reswitghis experiment is also different
from Zhou and Zhang's reported in 2005. They fothmt IGF-1 was able to increase
developmental and survival rate of follicles in goa

Since, there are not any previous reports of feiculture in bFGF+IGF-I, so
this is the first report about small follicles ofiffalo cultured in bFGF+IGF-I. The
follicular development at all groups of follicles ithis study increased but not
significantly difference from controlled treatmeiithe results of this study indicated
that bFGF+IGF-1 had no effect on follicle developrhan all groups.

The early antral follicles from buffalo culturéa medium supplemented with
EGF in all 3 groups were unable to grow. The molpin of follicles in this
treatment was flat and attached to collagen gellickes were unable to produce
follicular fluid but follicular cells were able tdivide themselves and increased its

cells number. Moreover, the buffalo follicles cu#td in medium supplemented with
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EGF combined with other growth factors (bFGF+EGEEHI+EGF, and bFGF+IGF-

I+EGF) were unable to grow after being culturede Tasults of this study indicated
that EGF could suppress follicular development. fésalt of this study is consistent
with the results of previous reported by Shen amavork in 1998. They found that
EGF caused granulosa cells division and spreadront oocyte. Therefore, follicles

were unable to maintain their round shapes anditndntrum formation.

In group I, the oocytes viability from follicles icontrolled treatment was not
significantly different from oocytes from follicleultured in medium supplemented
with bFGF, whereas the follicles cultured in medisapplemented with bFGF+IGF-I
had a significantly lower oocytes viability than ®GF treatment and control. The
result of meiotic stage found that oocytes frome&tments arrested at GV stage. The
oocytes viability from follicle in group Il was naignificantly different in controlled
treatment and follicles cultured in medium suppleted with bFGF, IGF-I. The
follicles cultured in medium supplemented with bR@EF-1 had a significant lower
oocytes viability rate than bFGF. The result of otiei stage found that the oocytes
from 4 treatments were arrested at GV stage. Ootytes from follicles cultured in
medium supplement with bFGF were able to develdditorhe oocytes viability rate
of follicles in group Ill were significantly lowein bFGF and bFGF+IGF-I treatment
when compared with IGF-I and controlled. The resfltmeiotic stage found that
oocytes from 4 treatments were arrested at GV stagk oocytes from follicle
cultured in medium supplemented with bFGF and otleti treatment were able to
develop to MI stage oocytes. The result of in #tisdy was unable to indicate the
effects of growth factor on oocytes viability anckiotic stage because of limited

number of oocytes from follicleThe number of the oocytes should be more than this
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experiment (around 100 oocytes) to indicate theoefbf growth factor on oocytes
viability and meiotic stage. However, this studylicated that bFGF was able to
support the buffalo’s early antral follicle cultuire group Il and group lll. This basic

knowledge may be useful to develop efficient metfavdollicle culture in the future.



CHAPTER IV

CONCLUSION

The effect of growth factors on buffalo early ahfadlicle culture in vitro was
examined in this study. bFGF was found to be maodalsle for follicle culture
referred from the growth rate of follicles in groli@nd group lll. Follicles in group |
may require additional growth factors or nutriemtiriduce the follicle growth in this
group. IGF-I could suppress follicle developmentgroup | but IGF-1 have no
effected on follicles development in group Il andup lll. Additionally, bFGF+IGF-
| have no effect on follicles development in albgps as well. The results indicated
that EGF could suppress follicle development, ewdren combined with other
growth factor (bFGF+EGF, IGF-I+EGF, and bFGF+IGEGF). EGF causes
granulosa cells division and spreading out of tbeyte. Therefore, follicles were
unable to maintain a round shape and disrupt antoumation. The effect of growth
factor on oocytes viability and meiotic divisionutd not be measured in this study
because of limited number of oocytes. However, shigly indicated that bFGF was
able to support buffalo early antral follicle gréwtultured in group Il and group Il
EGF supplementation and different combination afngh factors could suppress the
development of the follicle. This basic knowledgdl e useful to develop the most

efficient method for follicle culture in the future
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