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Abstract: The present study was undertaken to investigate the effects of Luteimizing
Hormone (LH, 100 ng mL™") on bovine oocyte maturation in vitro (Experiment 1) and the
relationship between the gap junction and LH (Experiment-2). In experiment 1, cumulus-
enclosed oocyte (CO) and Denuded Oocytes (DO) were cultured in the presence or absence
of LH. After 42-43 h in vitro culture, nuclear maturation rates which reached the metaphase
stage of the second meiotic division (M-l stage) were observed. In Experiment 2, we
evaluated whether the gap junction, formed between cumulus cells and oocytes, was
associated with the presence of LH in the maturation medium. The addition of LH to the
maturation medium significantly enhanced nuclear maturation of both CO and DO (p<0.05)
compared with those cocytes, which were cultured without LH. The addition of 1-heptanol
(5 mM), a blocker of coupling in the gap junction, to the maturation medium supplemented
with LH significantly inhibited (p<0.05) the number of CO and DO reaching the M-I stage.
These results suggest that the addition of LH to the maturation medium could improve the
nuclear maturation of bovine oocytes.
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INTRODUCTION

In Bangladesh, many heifer and cows are slaughter in every day to filfill the meat requirements.
A lot of immature bovine oocytes are abused in each day. There is a great opportunity to exploit
these abused oocytes for further utilization #z vitre in the laboratory. Bovine embryos can be derived
by in vitro maturation and fertilization in the laboratory. It is well known that the addition of
luteinizing hormone can enhance nuclear and cytoplasmic maturation of cocytes # vifre in cow
(Zuelke and Brackett, 1990; Yunis and Brackett, 1992) and pig oocytes (Mattioli ef af., 1991). Tt has
been suggested that LH may lead to germinal vesicle breakdown (GVBD) of oocytes i vitro if
granulose or cumulus cells are present (Downs, 1993). Some researchers suggested that gap injections
formed between cocytes and cumulus cells or cumulus and granulose cells are related to gonadotropin-
stimulated meiotic resumption of mouse cocytes (Downs, 1993, Fagbohun and Down, 1991), but no
sufficient research report on the relationship between gonadotropin stimulation and gap injections in
the bovine was not found. For this reason, further investigation seemed to be needed to determine how
LH acts on oocyte maturation.

The present study was undertaken to investigate the influence of LH on the maturation of bovine
cumulus -enclosed cocytes and denuded oocytes in vitro.
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MATERIALS AND METHODS

Qocyte Maturation

Bovine oocvtes were obtained from the local slaughterhouse and brought to the AT and ET project
laboratory at Central Catfle Breeding and Dairy Farm in Savar, Dhaka, immersed in physiological
saline {0.9% NaCl, 27-33°C) supplemented with 400 pmL™! penicillin, G potassium salt and
500 pg mL! streptomycin sulfate within 4 h. The oocytes were aspirated from superficial follicles
(2-6 mm in diameter) with a 20-G needle (Terumo, Tokyo, Japan) attached to a 6 mL plastic svringe
(Top, Tokyo, Japan). After aspiration, oocytes surrounded by more than one layer of cumulus cells
were selected and washed with TCM-199 (Gibco, BRL products, USA) more than 4 times. The
oocytes were transferred to 100 pl, drops of maturation medium and cultured for 42-43 hin 5% CO,,
95% air 100% humidity at 39°C. The maturation medium contained 25 mM Hepes buffered TCM-199
supplemented with 10% (v/v) fetal calf serum (Gibeo), 0.35 mM D-glucose, 2.29 mM calcium lactate,
0.91 mM sodium pyruvate, 1 pg mL ™' estradiol-17 P (Sigma, E-8875, USA), 5 IU mL " pregnant
mare's serum gonadotropin and antibiotics (Novartis, Bangladesh).

In experiment 1.00cytes were assigned to four groups: oocvtes enclosed in cumulus cells (CO)
were loaded into the maturation medium mentioned above, with (+CO) or without (-CO) 100 ng mL ™
LH. Another group of CO were loaded into Dulbecco's phosphate buffer saline (Gibco product)
supplemented with 0.2% sodium citrate and their cumulus cells were removed mechanically with a
vortex mixture and by pipetting {demuded oocytes, DO). The oocytes were transferred to the
maturation medium, supplemented with (+DO) and without (-DO) LH. The effect of LH on CO and
DO was evaluated by observing nuclear maturation. After the maturation culture, the oocytes
in each group were fixed with ethanol and acetic acid for more than 6 h and stained with 1% orcein
(Merk, Germany) in 40% acetic acid.

To observed the nuclear stage of the oocytes before maturation, some cumulus-enclosed oocytes
aspirated from ovaries were immediately denuded, fixed and stained as mentioned before.

In experiment 2, We observed the intact structure of junctional communication of projections of
cumulus cells and oolemma in both CO and DO before maturation culture by transmission electron
microscopy (data not shown). To evaluate whether gap junctions could influence oocyte maturation,
CO and DO were introduced into maturation medium contained 100 ng mL ™! LH, supplemented with
or without 5 mM 1-heptanol, which blocks the coupling of gap junctions (Fagbohun and Downs,
1991). In this preliminary experiment, more oocytes were prevented from reaching the metaphase stage
of the second meiotic division (M-] [ stage) in the medium supplemented with 5 mM 1-heptanol than
those at 0.1, 1 and 10 mM. After the maturation culture, the ococytes in each group were fixed and
stained as described previously.

Statistical Analysis
All data were analyzed by chi-square test (Snedecor and Cochran, 1980).

RESULTS

In experiment 1, we observed the nuclear morphology of bovine oocytes before the maturation
culture. A large proportion of oocytes were the same as in the germinal vesicle stage (GV stage).

The nuclear maturation of the oocytes cultured with and without LH is shown in Table 1.
Non -CO was arrested at M-1 stage although 13.3% of -DO remained at this stage. On the other hand,
the number of -CO which reached the M-I stage was significantly (p<0.05) higher than that in -DO.
Maturation of the M-11 stage was higher (p<0.05) in CO and DO cultured with LH than in those
cultured without LH. There were no significant differences in the percentage of CO and DO oocytes
reaching M-11 when they were cultured with LH.
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Table 1: The effect of Luteinizing Hormone (LH, 100 ng mL™") on the nuclear maturation of Bovine oocytes in vitro
for42-43h

Percentage of cocytes reaching each nuclear maturation stage after in vifro maturation

Treatments LH N GV PM-1 M-l A-l T-1 M-I Degeneration
cO - 39 4.1 46.07 X2 4.5 4.6 37.07 0.0
DO - 120 6.0 40.0¢ 12.0¢ 4.0 10.5 19.¢ 2.1
cO + 39 0.5 8.0 2.0 0.0 6.0 80.(F 2.2
DO + 120 2.8 6.0 2.0 0.5 6.3 81.¢¢ 0.0

GV, Germinal Vesicle; PM-l, Prometaphase of the first meiotic division; M-1, Metaphase of the first meiotic division; A-l,
Anaphase of the first meictic division; T-1, Telophase of the first meiotic division; M-11, Metaphase of the second meiotic
division; CO, Curnulus-enclosed oocytes; DO, Denuded oocytes; +, Presence of LH, -, Absence of LH. a,b,c; percentage
with different superscripts are significantty (p</0.05) different within a column

Table 2: The effect of 1-heptanol (5 mb) on the nuclear maturation of Bovine oocytes in vitro for 42-43 h with TH
(100 ng mL.™)
Percentage of oocytes reaching each nuclear maturation stage after ir vitre maturation

Treatments 1-heptanol N GV PM-1 M-1 A-l T-1 M-11 Degeneration
co - 74 0.0° 10.0° 4.3® 22* 6.5 76.5° 3.3
DO - 81 0.07 9.4 3.0° 4.0° 7.0 76.0° 51
co + 74 7.1° 28.0° 11.7# 12.5° 12.5 27.5° 5.5
DO + 81 16.5° 3P 11.0¢ 9.5% 6.5 25.0° 3.2

GV, Germinal Vesicle; PM-1, Prometaphase of the first meiotic division; M-1, Metaphase of the first meiotic division; A-1,
Anaphase of the first meictic division; T-1, Telophase of the first meiotic division; M-ll, Metaphase of the second meiotic
division; CO, Cumulus-enclosed oocytes; DO, Denuded oocytes; +, Presence of 1-heptanol; -, Absence of 1-heptanol.
a,b,c; percentage with different superscripts are significantly (p<0.05) different within a column

In experiment 2, as shown in Table 2, the addition of 1 heptanol to the maturation medium
supplemented with LH significantly inhibited {p<0.05) the muclear maturation in both CO and DO.
No significant differences were found (p<0.05) between CO and DO cultured with or without
1-heptanol.

DISCUSSION

In the present study, most of the cocytes were at the GV stage before the maturation culture. The
addition of LH to the maturation medium resulted in a considerable improvement in the nuclear
maturation to the M-l stage regardless of the presence or absence of cumulus cells (CO and DO).
Downs (1993) postulated that LH can inhibit the coupling of gap junctions forming between granulosa
and cumulus cells or cunmilus cells and oocytes to induce GVBD in the mouse. Most CO and DO in
cach group underwent GVBD in the present study. A high percentage of CO and DO cultured without
LH reached to the prometaphase stage. These results indicate that bovine oocytes can progress from
the GV stage without LH or cumulus cells and that LH could stimulate the nuclear maturation of
bovine oocytes after GVBD without cumulus cells.

In experiment 1, the absence of LH, even though some -DO were arrested at M-1 stage, more -CO
reached the M-I stage. This suggested that cumulus cells have a stimulating affect in maturing bovine
oocytes without adding gonadotropins to the medium. In the light of this, Isobe ez a/. (1996) indicated
that cumulus czlls suppress the meiotic progression of pig cocytes matured in vifro, but we could not
find any inhibitory effect of cumulus cells during oocytes maturation ## vigre. This contradiction might
be due to the difference between medium components. Compared to the maturation medium, we added
three more reagents, sodium pyruvate, calcium lactate and D-glucose, to the maturation medium. Leese
and Barton (1984) indicated that mouse ococytes required sodium pyruvate in the medium. One
possibility suggested is that the addition of pyruvate might be needed to stimulate the cumulus-
enclosed oocytes in pig.

52



Asian J. Cell Biol., 2 (2): 50-53, 2007

1-heptanol inhibited nuclear maturation even in the presence of LH in the medium. This indicates
that gap junctions can be related to the stimulating effect of LH on the nuclear maturation of oocytes.
Gap junctions can pass through components up to 1000 Da in size (Beyer, 1993). It is considered that
LH can't pass through gap junctions formed between cumulus cells and oocytes because of the great
molecular weight (approximately 30000). Therefore, it is postulated that uncoupling of the gap
junction caused by the addition of 1-heptanol might suppress the passing of important factor(s) less
than 1000 Da, not LH, regarded as necessary for bovine oocyte maturation.

In the present study the percentage of nuclear maturation in DO treated with LH and 1-heptanol
was shown to be similar to that CO matured with both reagents. Loewastein (1981) suggested that
the pores of the gap junctions in cumulus-oocytes complexes are likely to close suddenly after rupture
of cumulus cell projections reaching to the oocytes. It is suggested that although DO were mechanically
removed from enclosed cumulus cells in the present study, the pores of the gap junctions may not be
closed for a longer period like those of CO.

In conclusion, LH has a positive effect on the nuclear maturation of bovine oocytes ir vitro. Gap
junctions can be associated with stimulation of nuclear maturation of oocytes, but we could not clarify
which factor(s) can pass through the gap junctions in the culture medium supplemented with LH.
Further investigation seems to be needed to elucidate the factor(s) including molecules.

ACKNOWLEDGMENT
We sincerely thanks to those butchers who supplied the bovine ovaries.
REFERENCES

Beyer, E.C., 1993, Gap Junctions. Int. Rev. Cytol., 137: 1-38.

Downs, S.M., 1993. Factors affecting the resumption of meiotic maturation in mammalian oocytes.
Theriogenology, 39: 65-79.

Fagbohun, C.F. and S.M. Downs, 1991. Metabolic coupling and ligand-stimulated meiotic maturation
in the mouse oocyte-cumulus cell complex. Biol. Reprod., 45: 851-859.

Isobe, N., M. Fujihara and T. Terada, 1996. Cumulus cells suppress meiotic progression in pig oocytes
cultured in vitro. Theriogenology, 45: 1479-1489.

Leese, H.I. and A M. Barton, 1984. Pyruvate and glucose uptake by mouse ova and pre-implantation
embryos. J. Reprod. Fert., 72: 9-13.

Loewastein, W.R., 1981. Junctional Intercellular communication: The cell to cell membrane channel.
Physiol. Rev., 61: 829-913.

Mattioli, M., M.L. Bacci, G. Galeati and E. Seren, 1991. Effects of LH and FSH on the maturation of
pig oocytes in vitro. Theriogenology, 36: 95-105.

Snedecor, G.W. and W.G. Cochran, 1980. Testes of Hypothesis. In: 7th Edn., Statistical Methods.
The Iowa State University Press, Ames, Iowa, USA., pp: 64-82.

Yumis, AL and B.G. Brackett, 1992, Thyroid stimulating hormone enhancement of bovine oocytes
maturation in vitro. Mol. Reprod. Dev., 31: 144-151.

Zuelke, KA. and B.G. Brackett, 1990. Luteinizing Hormone enhanced iz vifro maturation of bovine
oocytes with and without protein supplementation. Biol. Reprod., 43: 784-787.

53



	Asian Journal of Cell Biology.pdf
	Page 1


