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The effect of prolactin and bovine follicular 
fluid on the in vitro maturation and 
subsequent development of immature 
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Abstract: Buffalo 旺蚓臼 wi出∞mpact cwnulus cells were ∞llected from slaughterhouse ovaries and cultured in TCM 199 supple­

mented with 5% estrus cow serwn (ECS) + 0.1μ吕ImL follicle s钮nulating hormone (FSH) , prolactin (PRL 0 , 0.1 , 1. 0 , 10 

μ吕ImL， Experiment 1), bo讨ne follicular fl山d (BFF) (0% BFF + 1. 0μglmL PRL, 5% B町， 5% BFF + 1. 0μglmL PRL, 

Experiment 2) , incubated at 38.5 'c in ψ5 % C~ in hwnidified air. After 24 to 26 hours of maturation , IVF was done wi由

swim-up separated frozen-thawed buffalo spennatozoa at 1 x 1cf mL -] in modified Tyrodes mediwn (TAlP). At 24 to 26 hours poot 

insemination，也e oocvtes were co-cultured wi由 granulωa cell monolayer in droplets containing culture mediwn.ηle proportion of 

cl臼ved 仅把ytes that developed to blast∞yst stage within 9 days after commencing cc• culture with granulosa cell monolayer was then 

evaluated. In experiment 1 ，出e proportion of cleaved 田>eyt臼由at developed to blast∞yst stage was higher (12. 8 %) at 1. 0μεImL 

PRL though not significantly different from 趾∞ntrol (9. 1 % ). In experiment 2 , addition of 5 % BFF to 出e maturation mediwn 

had significant increase in the cleava吕;e rate of oocytes compared to 出e control (30.7% vs. 21. 7% , P < O.剧， but did not influ­

ence the proportion of cleaved 仅>eyt臼也t developed into blast∞ysts; addition of 5% BFF + 1.0μ吕巾L PI江 to the maturation 

mediwn had a cleavage rate of 38. 1 %, wi由 14.0% of 也e cleaved oocytes developing to blast∞ysts (P < 0.05). In conclusion , 

由.e results indicate 由at the addition of appropriate amounts of prolactin and bovine follicular fluid to the maturation mediwn will en­

han优 the maturation of Ín1mature buffalo 四川巳ytes w1由出eir subsequent development to 由e blastocyst stage. 

Key words: buffalo; in vitro maturation; bovine follicular fl山d ; prolactin; blast∞yst 

CLC number: S821. 3 Document code: A Article ID: 1∞1 - 41lX (2004) 但 -α阴 -05

催乳素和牛卵泡液对胚胎体外成熟及未成熟的牛卵母细胞的影晌

Abdul R址unan SESA yl ，石德 )1顶2

(1华南农业大学动物科学学院，广东广州 51侃42; 2 广西大学动物繁殖实验室，广西南宁 530005)

摘要:对催乳素和牛卵泡液在水牛卵母细胞体外成熟中的作用进行了探讨.来自屠宰场水牛卵巢的卵母细胞和卵丘

细胞复合体，在含体积分数为 5% C乌的培养箱中培养 24-26h，然后通过体外受精测定其受精和胚胎发育能力.实

验 I 在成熟液中添加1.0μ吕ImL 催乳素 (PRL) ，卵母细胞的囊胚发育比例(12.8%) 比对照组(9.1%)高但不显著.实

验 2 添加 5%牛卵泡液(BFF) ，卵母细胞卵裂的比例明显高于对照组，但囊胚形成率则几乎一样;添加1.0μs抽LPRL

和 5% BFF组卵母细胞卵裂的比例为 38.1% ，而发育成囊胚阶段的卵母细胞的比例为 14%. 试验结果表明:添加适

宣浓度的 BFF 和 PRL 能促进未成熟的水牛卵母细胞体外成熟后的胚胎发育能力，

关键词:水牛;体外成熟;牛卵泡液;催乳素;胚泡
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Buffalo cows are usually slaughtered when 出eir fertil­

ity and productivity are compromised or when the anirnals 

are aged , and their follicular reserve is reduced. High in­

cidence of follicular atresia 82 % [1] or 92 lJ毛 [2] as observed 

in slaughterhouse ovaries rnade the mean recovery of good 

甲ality oocytes per ov町 highly reduced: 0 .4[2 ,3] , 

0.9[4] ,1. 76[5] , and2 .4[6]. Gonadotrophins (FSHand 

lli) and ovarian steroid hormones are known to be in­

volved inthe control of follicular atresia[7 ,8]. To date , it 

has been shown 由at PRL is the 出ird pituitary hormone 

回rving gonadotrohic function in rnamrnals[8 ,9]. However , 

也 role in 由e regulation of ovarian folliculogenesis and in 

particular，由e relationship between PRL and 也e processes 

connected wi出 atresia of ovarian follicles , are poorly un­

derstα地[10]

Blastocyst stage ernbryos have been successfully ob­

tained using buffalo follicular fluid in the IVM of bu丘ruo

仪记ytes[ l1]. Comparative studies on 出e efficacies of buffa-

10 follicular fluid have been inconsistent , probably b四ause

of high variability 出at exists within and between batches of 

ovari臼. Bovine follicular fluid (B町、) aspirated from large 

岛四cles has been shown ωhave beneficial effect on the ac­

quirement of developmental com严tence of ∞cytes rnatured 

in vitro[13]. Follicular fluid has also been provedωhave 

positive effect on in vitro fertilization and ernbryonic devel­

opment when added to in vitro rnaturation mediurn in the 

pig[13] , and hurnan[14]. Nuclear and cytoplasmic rnatura-

tion is an impo此皿t proc臼s for complete fertilization and 

suhsequent ernbryo development[15]. It is known 由at nu­

clear maturation is regulated by the activity of a cytopl卧

mic rnaturatior叩romoting factor[叫 (MPF) .币le 即F is 

activated at 由e onset of germinal vesicle breakdown and 

chromosome condensation , wi出 peak activity at metaphase 

1 and metaphase 11. Sperm penetration lowers MPF activity 

and promo阳 entry into anaphase 11[17]. Modification of 

cumulus cell cytoskeleton might be caused by onset , pro­

gression , and completion of ∞cyte rnaturation[18] .咀lere­

fore , bovine follicular fluid (BFF) might alter 出e expres­

sion of MPF in oocytes throu阱 curnulus cell communica­

tion after lli stimulation. The aim of 出e present study was 

to investigate the effect of bovine follicular fluid (BFF) 

and prolactin (PRL) on 仇π U仿i市阳旷阳o rnatt阳turati

甲I妃en川t development ωbla挝sto∞cy严st stage of imrnature buffalo 

α:>cytes. 

1 Materials and methods 

1.1 In vitro maturation 

Buffalo ovaries were obtained from local slaughter­

houses excised after slaughter and stored in thermos flasks 

containing normal saline solution at 25 - 30 "C.币le

ovaries were transported to 出e laboratory wi出m 由ree to 

four hours after slaughter. Oocytes were aspirated from fol­

licles of 2ω6 mm in diameter using a 5 or 10 mL dispos­

able syringe wi出皿 18-guage needle. Oocytes possessing 

compact enclosed curnulus cells were selected for rnatura­

tlOn. 

咀le basic rnaturation medium was TCM 199 + 5 % 

ECS + 0.1μglmL FSH supplemented with 1∞ IU/mL 

penicillin and 1∞ μglmL s位eptomycin. 咀le pH of 由e

medium was adjusted ω7.3 - 7 .4. The mediurn was ster­

ilized by passi吨 through a 0.22 严n diameter millipore fil­

ter. The washed ∞cytes were cultured in glass dishes 

(about 50 oocyte叫sh) containi吨 2 mL of rnaturation 

medium , and incubated for 24 - 26 hours under 38.5 "c 

明白 rp = 5 % CO2 in humidified air. 

1.2 In vitro fertilization of 创)Cyt臼

Frozen buffalo semen was used throughout in this 

study. Active motile sperm were separated by swim-up 

process. The mediurn for swim叩 was modified ci + free 

tyrodes medium 明白 a pH of 7 .4 , sterilized by passing 

through a O. 22 问 millipore filter. The mediurn was incu­

bated for at least 15 minutes priorωuse. The frozen buf­

falo semen in 0.5 mL straws were thawed at 37 "C in a 

water bath for 1 minute. The thawed semen was then lay­

ered under 1 mL of Tyrodes mediurn in ωnical tubes , and 

incubated for at least 15 minutes. At the end of the incu­

bation period，出e top 0.7 - 0.8 mL of mediurn was col­

lected into centrifuge tubes. 咀le swim-up separated sper­

rnatowa were washed at (5∞ g for 5 minutes) , after which 

most of the supematant discarded and the remainder con­

taining highly motile s严rm used for insemination. 

The medium used for IVF was modified Tyrodes 

medium (TALP) containing 80μglmL heparin + 0.6% 

BSA wi出 2.5 mmol/L caffeine and PHE supplemented 

时也 1∞ IU/mL penicillin and 1∞ μglmL streptomycin. 

The pH of the mediurn was adjusted to 7.8 and sterilized 

Ly filtering thro咄 a 0.22 阳 diameter millipore filter. 
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Droplets (25 - 50μL) of 由e fertilization mediwn were 2 
prepared in fertilization dishes (50 mm plastic dishes) and 

ResuI臼

covered by sterile mineral oil and then incubated. Mter 24 

- 26 hours of culture in maturation mediwn，∞cytes were 

prepared for fertilization by partial denudation (mechanical 

stripping 时出 a micropipette) of the expanded surrounding 

cwnulus cells and then washed in wash mediwn. Only 

morphologically normal ∞cytes were selected for 1\厅.

About 10ω20 matured α>cytes were placed into the 

droplets under mineral oil. Thereafter 出e ∞cytes were in­

seminated 白白白e swim-up separated sperm (I X 106
) and 

incubated for 24 - 26 hours. 

1.3 In vitro culture of 四rlyembryos

The mediwn used for in vitro culture of early embryos 

in this study was TCM -199 + 5 % ECS supplemented wi出

1∞町/rnL penicillin and 1∞ μglrnL streptomycin. 咀le

pH of 出e mediwn was adjusted to 7.3 - 7.4 before filter­

ing through a 0.22μm diameter millipore filter. Mter 24 

ω26 ho山S，出e inseminatedα记ytes were co-cultured in 

击。plets containing granulosa cell monolayer. Embryo de­

velopment was checked at 24-hour intervals and at these 

tÍn1es 60% - 70% volwne of the culture mediwn was re­

plaα对 with fresh culture mediwn. 

1.4 E耳>>erimental desi伊

Experiment 1: this experiment was designed to deter­

mme 由e effect of prolactin (PRL) concentration on 由e

IVM of buffaloα沈阳s. Buffalo ∞cytes from each batch 

were randomly allocated into culture in each of 由e four 

treatments designated by the concentration of PRL in 出e

basic maturation mediwn (0 , O. 1 , 1. 0 , 10μglmL) . 

Experiment 2: this experiment was designed to deter­

mine the effect of bovine follicular fluid (BFF) in the mat­

uration mediwn on IVM of buffaloα冗ytes. BuffaloαJCytes 

in each batch were randomly allocated into maturation 

mediwn wi由 (0% BFF + 1.0μglml PRL , 5 % B町，

5% B町、+ 1. 0μglrnL PRL). 

1.5 S臼tisticaI anaIysis 

币le present study evaluated the IVM of buffalo 

∞cytes by 由e proportion of cleaved eggs and subsequent 

development to blast，∞yst (BL) st唔;e in each experiment 

within a 9-day period after commencement of co-culture 

明白宫'anulosa cell monolayer. The difference between 

2.1 Expe血nent 1 

The percentage of ∞cytes 出at cleaved and developed 

subsequently to blast∞yst stage after IVF and IVC are 

shown in table 1. 咀le cleav吨e rate of ∞cytes in the PRL 

仕ee 伊up (control 伊up) was significantly lower com­

pared wi白白e treatment group containing PRL at 10 

μgI rnL (P < O. 05). On the other hand , the frequency of 

cleaved ∞cytes developing to blastocyst stage did not show 

any significant difference between the control and the other 

trea恤ent groups; however , the proportion of blast侃ysts ，

which developed at 1.0μglrnL P阻 w，臼 81伊jficantly

higher 出皿 at 10μg/rnL P且 concentration (P < 0.05) . 

T油. 1 The effect of PRL concentratioo addedωma阳ratioo

mediwn 00 cl臼V唔.e and subs呵uent develo庐n副

to blast创亨stst唔e ofbuffalo 创览ytes I)

ρ (PRL)I 侃"口ytes No.of cleavage No. of blastocyst 

(问.mL - 1 ) insern cleavage rate/% blast∞yst rate/% 

0.0 162 33 2O.4b 15 9.1ab 

0.1 192 51 26.6ab 20 lO.4ab 

1. 0 117 35 29.9ab 15 12.8b 

10.0 130 41 31.5a 6 4.6a 

1) Within a colurnn , values wi出 different superscripts are signiι 

candy different (P < 0 . 05) 

2.2 Experiment 2 

As shown in table 2 , treatment wi出 5% BFF had 

Slgr证icant increase in the cleavage . rate of ∞cytes com­

pared ω 出e control (30.7% vs. 21.7% , P < 0.05) , 

but did not influence the proportion of cleaved ∞cytes 由at

developed into blastocysts. 5 % BFF + 1.0μglrnL PRL 

had a significant improvement on cleava:ge and blastocyst 

yield compared to the control. 

Tab. 2 Effect of 5% B凹. addedωmaturatioo mediwn on 

d臼vage and sub锦帆.ent develo归rentω

blast刨根 d唔e of buffalo 阳yt~)

缸回恤回11

0% BFF + 1. 0μ吕ImL P阻，

5% BFF 

5% BFF + 1. 0μglmL PRL 

α叼恼 No二<i cl臼va吕~ No. of blastα加t

hsem. cleavage ratel% blast呵st 皿巳1%

152 33 21.7a 14 9.25ab 

241 74 3O .7b 23 9.50ab 

118 45 38.1c 16 14.伽

treatments within eaeh experiment was analyzed by Chi 1) Within a colurnn , values 叫出 differenl superscripls are si伊ifi-

S年1町e . candy different (P < 0 . 05 ) 
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3 Discussion 

The dominant feature of ∞cyte maturation is 出at 出e

female gamete changes from a developmentally incompetent 

cell to one 明白白e capacityωdirect and support 由e

events of fertilization and ear1y emhryonic deve1opment. 

咀le judgment about 出e competence of ∞cytes cannot be 

made unti1 a re1ative1y 1ater stage in emhryogenesis , be­

cause abnormalities during maturation may be expressed at 

several stages during deve1opment , the most common 1e­

sions being observed at fertilization , around compaction , 

or at blastulation. Accordingly , the present study eva1uat­

ed the IVM and lVF of buffaloα>eytes by the proportion of 

eggs cleaved and which deve10ped to 出e b1astocyst stage. 

In our 1aboratory , the main area of research is on in vitro 

embryo production (IVEP) of catÙe and swine. With the 

growing attention to augment 出e reproduction of the buffalo 

in southem China , we desired ωuse media conditions al­

ready estab1ished for catÙe wi出 some modifications for 由e

production of buffalo emhryos simultaneous1y wi由出at of 

cattle. 

The medium for IVM in our 1aboratory w自 TCM 199 

supp1emented wi出 5% ECS + 1.0μg/mL FSH. The re­

sults suggested 出at ECS just as buffalo estrus serum could 

support the in vitro maturation and subsequent deve1op­

ment of buffalo 侃lCytes to b1astocyst stage. The supp1e­

mentation of TCM 199 明白 es位山 cow serum (ECS) 

proved beneficial in cleavage and b1astocyst yield when 

compared 町出 results obtained earlier using buffalo estrus 

回rum[19] 咀le use of serum introduces proteins and 

grow由 factors and may prevent zona hardening , thereby 

unproVlng 由e ability of the 侃lCytes to be ferti1ized. It is 

abso1utely required for cumulus expansion and 仪lCyte m时，

uration 四d for attainment of normal emhryonic deve1op­

ment in water buffalo. 

According ωthis experiment , the addition of 1. 0 

μg/mL PRLωthe maturation medium had some beneficial 

effect as shown by a slight improvement in emh巧lonic de­

velopment of buffalo ∞cytes ， however , the results a1so in­

dicate 出at high levels of pro1actin is detrimental or can ad­

versely affect development of buffalo ∞cytes to b1astocyst 

stage. E1evated PRL 1evels have been found to act directly 

on the ovaly to suppress follieu1ar development as well as 

1出ibit gonadotropin secretion , and have been reported to 

assist rabbit 仪记ytes in acquiring their developmental com­

petence[19]. In normal preovulatory women , transient noc­

tumal hyperpro1actinema has been confirmed during the 

preovu1atory phase. Moreover , the clinical data regarding 

IVF of human ∞cytes have demonstrated 出at PRL concen­

trations in follicu1ar fluids are significantly higher in ma­

tured , fertilized ova and in fertilized ova associated 明白 a

successful pregnancy 由皿 in unfertilized ova[20] . 

The addition of 5 % BFF and 1.0μg/mL PRL to 出e

maturation medium resulted into a slight improvement in 

b1ast∞yst yield. Some authors have used 20% buffalo fo1-

licular fluid (BuFF) in rep1acement of hormones and 

serum additives , obtaining ∞mparable blastocysts 

rates[ll] . Follicu1ar fluid generally contains go­

nadotrophins , estradio1 , progesterone , transforming growth 

factor-卢( TGF-卢)， and the peptide inhibin . Several 

growth facto矶 such as insulin-like growth factor-α (IGF­

α) ， insulin like growth factor-2 (IGF-2) , EGF , and 

田nsforming growth factor-α(TGF-α) have also been de­

tected in follicular fluids of other species[17]. In fact , re­

cent studies have shown 出at several ovarian-derived growth 

factors play an impo吐血t ro1e in α记yte maturation and 

post-fertilization development , acting as 10cal modu1ator百

of gonadotrophin action on mammalian ∞cytes. 咀lerefore ，

BF下， which can be easily collected , can be used as 皿 ef­

fective media supplement in the IVM of buffalo 仅陀ytes.

The culture conditions in the prl四ent study resulted in 

由e yie1d of blastocyst comparable to 0出er reports. ECS 

and BFF can be used as convenient altemative media sup­

plement for estrus buffalo serum and BuFF in the IVEP of 

buffalo. 
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