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Abstract: Problem statement: Development of efficient culture system to supperhbryonic
development would be valuable when quality of pastliembryos was importatiowever, the rate
of bovine embryo productiom vitro was still lower than expected. Present study uiiclg of three
experiments, was carried out to investigate thecefdf insulin on nuclear maturation and subsequent
development of immature bovine oocytes dndvitro fertilized embryos.Approach: Grade one
cumulus-oocyte-complexes harvested from slaughtesdhoovaries were selected and randomly
allocated in each treatment groups. In experimenn ditro maturation medium (Hepes-buffered
medium 199 + fetal calf serum + gonadotrophins tibéotics) supplemented with O (control), 1, 10,
20 and 100 pg mit of insulin. In experiment 2, to eliminate the effef serum and hormones, Hepes-
buffered medium 199 was supplemented with 1 mg*rpblyvinyl alcohols (PVA) and same levels of
insulin. In experiment 3, the effect of insulin bovinein vitro embryo development was assessed.
Presumptive zygotes were randomly cultured in stittoviductal fluid added with 0 (control), 1, 10,
20 and 100 pg mt: of insulin. Results: In experiment 1, nuclear maturation and embryo kigweent
rates were significantly higher in 1 and 10 pg mkcompared with other groups (P<0.05). In
experiment 2, both maturation and cleavage rateifgigntly increased in 1 and 10 pg mlinsulin.
The only treatment resulted in higher hatchabiiggs 10 ug mr* insulin (17.1+2.34%) compared
with control (11.34+3.94). In experiment 3, clea@aand morula rates were significantly greater in 1
and 10 pg mL* insulin compared with other groups; although thghést rates resulted by using 10 pg
mL™. Conclusion: Obtained results show that inclusion of 10 pug hibsulin in maturation and
culture medium exerted beneficial effects on nucteaturation of bovine oocytes amtvitro embryo
development till morula stage.

Key words: Synergistic effect, immature oocytel) vitro embryo development, Cumulus-oocyte-
complexes (COCs), GAGs, nuclear maturation, cleavagte, hatched blastocyst,
preimplantation embryos, stimulates glucose

INTRODUCTION fertilization (IVF) andin vitro culture (IVC). The final
target for IVEP is the production of transferrable
In recent yeardn vitro embryo production (IVEP) embryos and birth of healthy offspring. To achieve
systems have been acknowledged to increase thefratethese objectives, each step has to be efficiemhodbh
transferable embryos in bovine (Galt al., 2004; preimplantation embryos may develop during IVC
Spiceret al., 2007). Commercial and research purposeperiod, obvious differences exist between their
have been enhancing the demandriaritro production  developmental rates compared to those developed
of bovine embryos (Smiljakovic, 2009)ln vitro  vivo. For instance, approximately 60-80% iof vivo
embryo production system includes three consequembhatured bovine oocytes are competent to reacheo th
steps: in vitro oocyte maturation (IVM),in vitro  metaphase Il stage while only 25-40% iof vitro
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matured oocytes reach to this stage (Blongtinal.,  working solution. The working solution consisted of
2002; Dielemanet al., 2002; Averyet al., 2003). Hepes-buffered medium 199 (12340-030, GibcoBRL,
Failure to fertilize and develop to the blastocgtge Invitrogen, USA) supplemented by 4 mg ThBSA-V.

may show the lack of vital factors in the culturedia

which normally are availabléen vivo. Therefore, it is In Vitro Maturation (IVM): The selected COCs were
necessary to modify the culture medium and comlitio washed two times in pre-warmed maturation solution.
to support higher percentage of embryo developriment The maturation medium was Hepes-buffered medium
vitro. Several factors such as, hormones, proteins ang9g containing Earle’s salt, L-glutamine, 2.2 g L
growth factors supplemented to the culture mediunsodium bicarbonate and 25 mM Hepes buffer
may have crucial roles on the outcome of IVEtFhas  supplemented with10% fetal calf serum (10082-139,
been shown that insulin plays a crucial role fasvgh  GibcoBRL), 0.2 mM sodium pyruvate (P-5280), 50 ug
of variety of cells in IVC. Insulin bind to cell face ! gentamycin (G-1264), 10 ng L epidermal

receptor and its act_ion i_s rec_:eptor-mediated. $ttb_xaen growth factor (E-4127), 5 pg mt follicle stimulating
demonstrated that insulin stimulates glucose ant@m o mone (FSH: F-8174), 50 pg ML luteinizing

acid uptake and protein synthesis (Harvey and Kayqﬂormone (LH; L-5269) and 1 L ;

) ; L- VLs| oestradiol-11
1988; Kaneet al., 1997) of mouse embryos (Velazquef\zi%Ez; E-8875). Thereafter, groups of 7 -10 COCs were
et al., 2009; Kaye and Harveyt, 1995). Several studieg,nqomiy distributed in each 50 pL pre-equilibrated

have indicated that insulin increases itheitro oocyte IVM medium. Immature oocytes were incubated for 22-
maturation and development of human (Dashtiead 24 h at 38 5°'C and 5% G@ humidified air

al., 2003), mice (Demeesteet al., 2004) and porcine

embryos (Leeet al., 2005). Insulin receptor has also
been detected in all stages of bovine embryo
(Makarevich and Markkula, 2002). However, the

Evaluation of nuclear maturation: After completion

df maturation period, in order to assess the nuclea
L ; . . maturation status, oocytes were denuded using 0.1%

results of using insulin are controversial for vitro

bovi b duct d d (w/v) hyaluronidase (Type 1-S) in Hepes-buffered

povine err_:_hryof pro hl.JCt'On and need MOrémagium 199. Denuded oocytes were washed twice with
Investigation. Therefore, this experiment was dmg working solution and fixed in aceto-ethanol (1:¥)v/

to study the effect of different concentration o$ulin solution at 4°C for 24 h. Five to ten fixed oocytes

on bovine IVEP. were mounted on a clean glass slide in a microetopl
(10-20 pL) between two parallel lines of wax-vasel
mixture (1:20). A cover slip was slowly placed dret
lines and gently pressed down until it touched the
microdroplet and secured the oocytes between ttie sl
and the cover slip. Staining solution, 1% acetcerc
was passed once via introduction from one sidehef t
cover slip and blot-dried from the opposite side &y
piece of filter paper. After 3-5 min, when the stag
was completed, decolorizing solution (acetic acid:
distilled water: glycerol: 1:3:1) was passed thioug

MATERIALSAND METHODS

Chemicals: All chemicals and reagents used in the
current study were purchased from Sigma-Aldrich
Chemical (St. Louis, MO, USA) unless otherwise
stated.

Oocyte recovery: Bovine ovaries were collected from
local abattoirs and transported to the laboratoryai

thermos flask containing warm (32-35°C) phosphate-emove the stain residuals. The cover sli

i ; : . p waseseal
buffere_oll saline (PBS; P-4417) suppllemented with 10Qyith a colorless nail varnish to provide a permanen
IU mL™ penicillin and 100 ug mLt streptomycin  gigrage for future examination. The stained oocytes
(15140-122, Gibco, Invitrogen, USA). The ovarieseve \yere evaluated under a phase contrast microscope at

rinsed at least 3-5 times with warm PBS to remave a 400x magnification to assess the status of nuclear
possible  contaminates. Cumulus-oocyte-complexes,aturation.

(COCs) were recovered from 2-8 mm follicles in

diameter by slicing method. Slicing solution cotesis |n Vitro Fertilization (IVF): In vitro matured COCs

of Dulbecco’s phosphate buffered saline with MgCl with expanded cumulus cells were used iforvitro
and CaCl (D-8662) supplemented with 4 mg ML fertilization. The fertilization method was previy
bovine serum albumin fraction V (BSA; A-3311) and described by Parrishet al. (1988) with some
50 uL mL* gentamycin (G-1264). Only oocytes modifications. Briefly, following maturation periofbr
surrounded by intact and compact layers of cumulu22-24 h matured COCs were washed 2 times in
cells with dark and homogenous cytoplasm were usedvorking solution and in two droplets of tyrode’s
The COCs were washed 2-3 times in fresh pre-warmedlbumin lactate pyruvate buffered with HEPES (IVF-
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TALP solution). Subsequently 6-8 COCs were placecevaluated. Hepes-buffered medium 199 supplemented
in a 48 pL of pre-equilibrated IVF-TALP droplets with gonadotrophins, fetal bovine serum and antitso
covered with sterile mineral oil (M-5310). Frozen added with O (control), 1, 10, 20 and 50 pg hihsulin
semen straws (250 pL) were thawed in water bath awere used as maturation medium.
37°C for 45-60 second and content was poured into a |n the second experiment, influence of insulin in
1.5 ml centrifuge tube containing 1 ml pre-warmedserum and hormone free IVM medium @m vitro
BoviExtend (Nidacon Laboratories AB, Gothenburg, maturation of bovine immature oocytes and consequen
Sweden) buffer squtio_n and smoothly mixed. Theembryo development was evaluated. To avoid the
amount of 1 ml of the diluted semen was gently &88d jieraction effect of insulin with IVM ingredients,
on the top of the adjusted BoviPure density gradien Hepes-buffered medium 199 supplemented with 1 mg
the conical wbe and centrifuggd for_ 20 min at 3p@k ) ~1 pyA and the same levels of insulin were used as
room tempferlielturs_. Aﬂ%r fjentnfrlljgatmn, the Suﬁm maturation medium. In both experiments 1 and Zraft
\rlfsispceanrgettjj ywithlsga:nl(_e (’)f ;reiw;frsgg Sggrgt_Txvf;z-24 h of maturation, representative oocytes were
medium (Parrishet al., 1988) supplemented by 6 mg randomly selected to examine their nuclear mamati

o by using aceto-orcein staining method. The resinof

mL™" bovine serum albumin fatty acid free (BSA-FAF) " .
vitro matured bovine oocytes were subsequently

(A-8806, Sigma) and centrifuged again for 10 min at

300%g. The final pellet was resuspended in 150-200 ul_fertilized and cultured in SOF solution for 9 dayse

of pre-equilibrated IVF-TALP. Spermatozoa were cleavage, blastocyst and hatched blastocyst rages w

checked for motility and counted by a haemocytomete@SSessed atday 2, 7 and, 9 respectively.
to give the final concentration of 1x10 In the third experiment, e_ﬁect of insulin on
spermatozoa/ml. Based on concentration, spermatozdigvelopment of bovinen vitro fertilized embryos was
were added gent|y to each IVF drop|et Containin@ 6- investigated.Complete IVM medium without insulin
mature oocytes. Thereafter, 2 pL of PHE mixturewas used as maturation mediuFellowing IVM and
consisting of 20 pM D-penicillamine (P-4875) 10 uM IVF, presumptive denuded zygotes were randomly
Hypotaurine (H-1384) and 1 uM Epinephrine (E-4250)transferred to SOF solution supplemented with O
were added to each IVF droplén vitro fertilization ~ (control), 1, 10, 20 and 50 pg milinsulin for 9 days.
was accomplished by co-incubation of sperm-oocyteShe cleavage, morula, blastocyst and hatch blastocy
at humid environment with 5% GCand 38.5°C for rates were assessed at day 2, 4, 7 and 9, resggctiv
18-20 h.

Statistical analysis: All experiments were repeated six
In Vitro Culture (IVC): At the end of fertilization times. Significant differences among treatmentsewer
period, oocytes were freed of cumulus cells by lgent yeyealed by one-way analysis of variance followgd b

mechanical pipetting. After denuding, the presumeti Duncan’s multiple range test for mean comparisons
zygotes and embryos were washed 2 times in fresh pr(p<o 05) using SAS software ver. 9.1

equilibrated working solution. Then, denuded zygote
were washed through embryo culture droplets.
Approximately 15-20 presumptive zygotes and RESULTS
embryos were transferred into each well of 4-wédhd

containing 400 pL of synthetic oviductal fluid
(SOFaaci; Holmet al., 1999) supplemented with 5%
adult bovine serum (B-9433) and 1 pg i

gentamycin under sterile mineral oil. During 10 slagt

every two day interval, 200 pL of SOF solution was, .
replenished by 200 L warm and Cequilibrated Ivc ~ Povine oocytes reaching metaphase Il (MIl) stage

medium. Cleavage, morula, blastocyst and hatchegignificantly increased when 1 and 10 pg insulin
blastocyst rates were recorded at days 2, 4, Payabt (92.70+£1.83% and 93.19+1.82%, respectively) were
inseminations, respectively. included in the IVM medium compared with the cohtro

group (85.80+3.40%; p<0.05). However, no significan
Experimental design: In the first experiment, difference was observed between them (1 and 10L18.m
supplementation of insulin in IVM medium and its At the same time, maturation rate was slightly éased
effects on nuclear maturation of bovine oocytes andit 20 pg mC! insulin  (86.37+2.63%), compared with
subsequent embryo developmenh vitro were the control but not significantly (p>0.05).

260

In the first experiment, the effect of insulin amvitro
maturation of bovine immature oocytes and subsequen
embryo development was evaluated using 1081 COCs.
Data obtained in this experiment (Table ihjlicated
that, after 24 h of culture, the proportion of intore



American J. Animal & Vet. i, 5 (4): 258-265, 2010

Table 1: Effect of different concentration of insuin VM media onin vitro maturation of bovine immature oocytes and subsdoessibryo
development

Matured oocytes n (mean%)

Insulin No. of Mean % of cleaved Mean % of blastocyst Meanf%atched

concentratiorfug mL %) cultured oocytes No. of stained M Il oocytes oesyt SEM (n) + SEM () blastocyst+ SEM (n)

0 (Control) 165 50 43 80.88+3.0 38.24+3.16 11.34+3.9%
(85.80+3.40) (93/115) (44/115) (13/115)

1 234 87 81 89.50+2.13 40.42+2.08 16.17+3.81
(92.70+1.83 (131/147) (59/147) (24/147)

10 229 93 87 90.69+1.59 41.07+1.31 17.10+2.34
(93.19+1.82 (123/136) (56/136) (23/136)

20 228 99 85 80.49+2.15 41.76+2.64 13.60:2.83
(86.37+2.63 (104/129) (54/129) (18/129)

50 225 84 69 78.46+4.19 38.82+5.52 9.76+2.83
(82.44+3.28 (111/141) (55/141) (15/141)

Data were pooled from 6 replicatés: ¢ Values with different superscripts in the samieicm are significantly different (p<0.05)

Table 2: Effect of different concentration of insuin serum and hormone free IVM medium iorvitro maturation of bovine immature oocytes
and consequent embryo development

Insulin Matured oocytes n (mean%)

concentration No. of cultured Mean % of cleaved Mean % dlastocyst Mean % of hatched

(ug mLY oocytes No. of stained M Il oocytes Oocytes HSE) + SEM (n) blastocyst + SEM (n)

0 (Control) 215 104 72 54.18+301 24.333.89 6.45+2.68
(68.94+4.8%) (60/111) (27/111) (7/111)

1 213 77 62 71.92+3.82 31.59+3.18 10.93+3.48
(80.51+2.02 (98/136) (43/136) (15/136)

10 221 81 66 73.30£2.14 30.93+2.98 10.85+2.41
(82.15+2.39 (103/140) (43/140) (103/140)

20 219 89 62 60.14+3.53 22.56+4.28 7.88+2.91°
(68.55+2.50) (78/130) (29/130) (10/130;

50 211 84 59 59.72+4.81 20.40+3.08 7.04+2.3
(70.35+2.5% (76/127) (26/127) (9/127)

Data were pooled from 6 replicatés: ¢ Values with different superscripts in the samieicm are significantly different (p<0.05)

At the highest concentration of insulin which is and 10 pg mr* (73.30+2.14%) compared with 20 and
50 ug mL* (86.37+2.63%), the maturation rate was50 pg mL' (60.14+3.53% and 70.35+2.57%,
remarkably decreased. Following IVF, cleavage rateespectively). Addition of 1 and 10 pug nLinsulin in
was strikingly increased at 1 and 10 pg Minsulin  serum and hormone free IVM medium significantly
(89.50+2.13% and  90.69+1.59%, respectively)increased the proportion of inseminated oocytes
compared to the control group (80.88+3.0%; p<0.05)developed to the blastocyst stage than the control
However, addition of 20 ug mt (80.49+2.15%) and group. To evaluate the further viability of the
50 pg mL" (78.46+4.19%) insulin in IVM medium had pastocysts produced after addition of differersuiin

no significant effect on cleavage rate comparedh wit |eyels, “hatchability of embryos were assessed. The
control group. The hatching rate was notably (pSP.0 hatching rates of blastocysts, remarkably improvet
improved by addition of 10 and 20 pg mLinsulin and 10 pg mr insulin  (10.93+3.48% and

(17.10£2.34% and 13.60+2.23%, respectively) butethe 10 8512 4196, respectively) compared with the cdntro
were no differences at 1 pg Ml(16.17+3.51%) and 50 (6.45+2.68%).

_1 .
?191 3T+L3 9 422')7&2'83%) compared  with  control Third experiment was carried out to investigae th

In the second experiment, a total of 1079 immaturéfect of insulin supplemented vitro culture media on
bovine oocytes were used to evaluate the effect offlevelopment of bovinén vitro fertilized embryos. A
supplementing insulin in serum and hormone free IVMtotal of 1055 immature bovine oocytes were usetthis
medium onin vitro maturation of bovine immature experiment and the result is presented in TablAs3.
oocytes and consequent embryo development. Data aggown, insulin at 1 and 10 g fillin the IVC medium
summarized in Table 2. The percentage of immaturgigpificantly increased cleavage (86.38+2.98% and
bovine oocytes that reached metaphase |l Wag0.58+2.02%, respectively) and morula rate

noticeably higher in 1 and 10 pg ML(80.51+2.02% : .
and 82.15+2.35%, respectively) compared with othel(_74'6(&3‘250/0 and 79.66+3.86%, respectively) inf

groups, but there was no difference between theiin, AVitro fertilized oocytes when added in  theCl
of the treatment groups had higher cleavage ratg'edium compared to the control (78.86+2.79% an
(p<0.05) with the highest in 1 pg mL(71.92+3.82%) 60.55+2.56%, respectively; p<0.05).
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Table 3: Effect of insulin supplementation at figencentrations (0, 1, 10, 20 and 50 pg Hlin IVC media onin vitro bovine embryo
developmentn vitro

Insulin No. of cultured Mean % of cleaved Mean Porula Mean % of Mean % of hatched
concentration (1g mll) oocytes oocytes + SEM (n) oocytes + SEM (n) loleyst £ SEM (n) blastocyst + SEM (n)
0 (Control) 213 78.86 £ 2.79 60.55 + 2.56' 3899 +2.77 12.23+3.02
(168/213) (129/213) (83/213) (26/213)
1 212 86.38 + 2.98 74.60 +3.25 37.70 +2.07 10.32 + 3.08
(183/212) (158/212) (80/212) (22/212)
10 201 90.58 + 2.62 79.66 + 3.88 35.89 + 3.4% 14.49 £3.72
: (182/201) (160/201) (72/201) (29/201
20 206 82.04+ 3.70 63.13£3.25 30.63 +3.87 8.77+27
(169/206) (130/206) (63/206) (18/206)
50 223 75.38+ 3.12 58.31 % 3.50 32.83+3.2% 10.44 + 3.6%
(168/223) (130/223) (73/223) (22/223)

Data were pooled from 6 replicatés: © ¢ Values with different superscripts in the samieicm are significantly different (p<0.05; ANOVA and
Duncan’s test)

However, no significant difference was observe@in scores and the level of maturation, thield of
and 50 pg m[* groups compared to the control in termin vitro embryo production were not affected.
of cleavage (82.04+3.70% and 75.38+ 3.129% Furthermore, Matsui (1995) showed that addition of
respectively) and morula  (63.13+3.25%  andinsulin at 10ug mL™" to the oocyte maturation medium

58.31+3.50%, respectively) rates. Addition of 1 & had no effect on the nuclear maturity, fertilizatiand
HQ. mL insulin (37.70%2 77% and 35.80+3.44% development of bovine embryos toward the blastocyst

; 1,
respectively) in IVC medium had no significant effe stage. It has been shown that insybrl-10 g mLC)

blast ¢ rat d with th ol enhanced the mitosis of bovine granulosa cells and
on biastocyst rate compared wi € control group, .celerated progression of meiosis in oocytes sadlo

(38.9912.77)_.1However, higher concentration of If5u  \yith cumulus cells. Both granulosa cells and oocyte
20 pug mC' (30.63#+3.87%) and 50 pg ML normally express insulin receptor. Percentage of
(32.83£3.22%), remarkably decreased blastocyst ratepoptotic cells in the group of oocytes evaluated
No significant differences were observed in thehatl  immediately after recovery was very low but it
blastocyst rate by addition of insulin in IVC mexiiu  noticeably increased duririg vitro maturation without

Only 10 pg mC* insulin slightly increased hatched any additional supplementation. This incidence of

blastocyst rate (14.49+3.72%) compared to the obntr apoptotic DNA degeneration was reduced by addition
(12.23+3.02%). of insulin, insulin like growth factor | (IGF 1) ahother
growth factors to the maturation medium (Wasielaé a
DISCUSSION Bogacki, 2007). Addition of insulin to IVM and
subsequent embryo development media reduced not
In the present study, the potential role of inswin only the incidencg of spontaneous apoptosis inneovi
IVM of immature bovine oocytes arid vitro embryo ~ €mbryos (Augustinet al., 2003) but also blocked
development were investigated. The results denmatestr  @POptosis induced by exogenous factors, such as hea
that presence of 1 or 10 pg mLinsulin in the Shock (Jousan and Hansen, 2004).
maturation media showed a positive effect on The obtained data from this study probably shows

maturation and cleavage rates of bovine immaturé” !nter%cg%n beStweekriLtlnslulln 2a0”§6 FSH/Qrtd’_g t?het
oocytes in vitro. In subsequent bovine embryo 2OVin€ COCs. Suzukiet al., (2006) reported tha
developmenin vitro, insulin at 10 pg mi: enhanced stimulating effect of insulin on the proliferatioof

iabili £ bl b qi d rafe bovine granulosa cells is synergistic with
viability ot blastocyst embryos and Improved rake o gonadotrophins. Therefore, the existence of FSHENnd

hatchability. However, findings of previous studiesi, he |vM medium might interfere the real effec
regarding using insulin are controversial for vitro  jngylin on the maturation of bovine cumulus-intact
bovine oocyte development. Our results are ingocytes. For this reason we have designed the decon
agreement with previous reports in which additidn o experiment to find out the pure effect of insulin o
insulin to the IVM medium showed a positive effect  oocyte maturation. Therefore, a serum and hormones
in vitro development of bovine oocytes, when oocytesree IVM medium was used (Table 2) in which PVA
were cultured in TCM-199 medium supplemented withwas added instead of serum. The results of thesgurr
FCS (Dielemaret al., 2002). On the other hand, Zhang study undoubtedly confirmed that insulin by litéed
et al. (1991) reported that although inclusion of insuli a positive effect onin vitro bovine embryo
in maturation medium enhanced cumulus expansioproduction system.

262



American J. Animal & Vet. i, 5 (4): 258-265, 2010

Our finding propose that supplementation ofit seems that addition of insulin (10 pg mLto the
maturation medium with insulin (1-50 pg ML culture medium would slightly improve blastocyst
improves the fertilization rate. Cumulus cells hatchability in the bovine IVC system. The proponti
surrounding bovine oocytes synthesize of hatched blastocysts can be considered as araiodi
glycosaminoglycans (GAGs) such as hyaluronic acidto evaluate quality and viability of the transfdeab
GAGs are able to induce the acrosome reaction abovine embryos. Insulin increases the cethber
bovine sperm (Handrovet al., 1982). It has been of the inner  cell mass and stimulates
reported that granulosa cells are able to secegiarin-  morphological development of mouse blastocyists
like GAGs which are recognized as vitro sperm vitro (Liu et al., 2009).
capacitating agent (Bellist al., 1986). It is presumed
that the addition of insulin to the maturation madi CONCLUSION
stimulates GAGs secretion from cumulus cells and

improves the fertilization rate as a result of the  Optained results demonstrated that insulin
promotion of cumulus-induced sperm capacitationyromotes in  vitro bovine embryos production.

(Matsui, 1995). o Supplementation of 10 pug mLinsulin in maturation
It has been shown that insulin has broad effects Omedium, exerted beneficial effects on nuclear

prelmplant?tmn embfyc(;s (Ktlrtat ?jl”t 200.5)' ;I;]he tpﬁ';dt maturation, cleavage and subsequent bovine embryo
experiment was carried out to determine the eltec developmentn vitro. Furthermore, addition of insulin

different concentrations of insulin in IVC media om 1 : "
: . (10 pg mLY) to the culture medium showed positive
vitro bovine embryo development. The results clearly . .

effect on bovine embryo development till morulagsta

demonstrated that supplementation of insulin (1 Bhd and slightly enhanced hatchability of produced

pg mL™) to the culture medium improved cleavage rate
and development of morula but did not show positiveblaStOCySts'
effect on blastocyst production rate (Table 3). ifidd

of higher concentration of insulin (20 and 50 pg ML

did not show positive effect onn vitro embryo . "
development. This could be due to differences in The authors thank Mr. Asraf Jamluddin for critical

glucose utilization of the early embryo (morula), review and Mr. Pedram Kashiani for assisting inadat

compared to the late embryos (blastocyst) (Harvey a analysis. This research was supported by a gram fr
Kaye, 1990). The post-compacted embryos are mor'® Agro-Biotechnology Institute, Ministry of Scies
sensitive to insulin (Zhandét al., 2009). Scientists 1€chnology and Innovation Malaysia (06-05 ABI
demonstrated a stage-specific binding by insulinctvh  AB003).

could be related to embryonic metabolism and switch

from lactate to glucose uptake. They also showedl th REFERENCES
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