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SUMMARY

Oocytes are committed to deterioration in quality as they aged due to a long duration manipulation which

INTRODUCTION

leads to the reduced success rate of somatic cell nuclear transfer (SCNT). Caffeine with an effect to maintain
the maturation-promoting factor (MPF) from the metaphase of oocytes is expected to enhance the quality of the
aging oocytes. To investigate the timely treatment of caffeine to rescue aging oocytes, caffeine was
supplemented after in vitro maturation (IVM) or during metaphase I — metaphase II (MI — MII) transition. First,
the effect of caffeine after IVM of oocytes was examined. After IVM for 42 h, oocytes were left for aging
within 6 or 8 hours in supplement with various concentrations of caffeine (0, 5 and 10 mM), and then,
examined the quality of embryo from aged oocyte through parthenogenesis activation. We found that 5 mM
caffeine for the first 6 hours of aging process was suggested to improve the early development of
parthenogenetic diploid embryos. However, the cytoplasmic homogeneity is significantly reduced in aging
oocyte compared to fresh oocyte and it could not be improved by caffeine treatment. Next, the effect of
caffeine during MI — MII transition of oocyte was examined. Caffeine was supplemented during MI — MII
transition (27 — 42 h) of IVM. Then mature oocytes were left for aging within 6 h to examine on aging porcine
oocyte quality via parthenogenesis embryos. The results indicated that 5 mM caffeine during MI-MII transition
could efficiently rescue aged oocytes and improve the development of embryos derived from aging oocytes to
four-cell, eight-cell and blastocyst stage as compared to fresh oocytes. Especially, these aged oocytes treated
by caffeine could improve the cytoplasmic homogeneity in embryos and the quality of blastocysts by
increasing cell number similar to fresh oocytes.

Keywords: caffeine, mature oocyte, aging oocyte, electro-activation, parthenogenetic embryo.

Somatic cell nuclear transfer (SCNT) is a enhance the success rate of SCNT,

of oocyte from aging is a prospective solution to

method by which cloned embryos can be produced
using differentiated cells. This technique has various
applications including meat production, drug
synthesis, regenerative medicine and genetic
conservation of endangered animals. Despite their
potential impacts, animal cloning is still a big
challenge to scientists as the success rate of SCNT is
still extremely low, even with great support from
high technology. One of the main causes was the
decreased quality of oocyte, indicated as "aging"
oocytes, during the processes of enucleation and
somatic cells nuclear transfer. Thus, the prevention

In most mammalian species, the maturation of
an oocyte is the transition from germinal vesicle
(GV), the stage in which the heterochromatin ring is
clearly observed in the nucleus of the oocyte, to
metaphase 11 (MII), which is arrested until being
activated . Metaphase (M-phase) of the oocytes
begins with an increase of activated maturation
promoting factor (MPF), and the oocyte aging was
investigated to be related to the content of activated
MPF in the Mll-arresting period (Kikuchi et al.,
2001). MPF is a heterodimer of cyclin and cyclin-
dependent kinase (Cdk). This molecule is activated
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at germinal vesicle breakdown (GVBD) by the
action of phosphatase in late G2 causing
dephosphorylation of T14 and Y15 of Cdk2 (p34,
Cdc2) (Taieb et al., 1997). Afterward, its content
goes up and down as the oocyte enters and exits
from M-phase, respectively, during the meiotic cell
cycle (Bui et al., 2007). Therefore, maintaining the
level of active MPF protein complexes as that in the
MI to MII transition or in MII stage is necessary to
improve the quality of in vitro mature oocytes used
for cloning and subsequent pre-implantation
development of the porcine embryos.

Caffeine (1,3,7-trimethylxanthine) is known as
a phosphodiesterase inhibitor which has been
reported to inhibit Mytl/Wee2 kinase activity
leading to the inhibition of the phosphorylation of
Cdc2 at T14 and Y15 (Smythe et al., 1992).
Therefore, it will enhance the activity of MPF in
the oocyte treated with caffeine. The maintaining of
MPF activity even after MlI-arrested oocytes plays
an important role in embryo development. Because
of listed reasons, many scientists had applied
caffeine treatment to prevent aged oocyte,
especially, live young goats were born after
caffeine-assisted enucleation (Wang et al., 2011).
Furthermore, the caffeine treatment in the last 10
hours of 72-hours-culture on porcine oocytes had
increased the MPF activity which was reported to
enhance in vitro maturation (IVM) (Kikuchi et al.,
2002). Moreover, the caffeine supplementation in
the culture medium during the transition from MI to
MII period during IVM showed positive results on
ovine oocytes and on the total cell number in
blastocyst-stage embryos reconstructed by SCNT
(Lee, Campbell, 2006). Besides that, the maturation
rate and preimplantation development of oocytes
were also improved on dromedary oocytes when
treated with caffeine (Fathi et al., 2014). In addition,
bovine oocytes treated with caffeine during pre-
IVM for 2h did not affect the maturation and
development of the embryo (Bernal et al., 2016). In
spite of positive results from caffeine treatment,
some previous researches also showed the negative
results. It was reported that after caffeine
supplementation during the first 24 hours of pig
oocytes IVM, the caffeine inhibited the meiotic
resumption through GV arrest maintaining (Kren e?
al., 2004). In addition, there was no difference in
blastocyst development from oocytes after 24 h of
caffeine treatment following 36 h maturation
culture, compared to the control group with 60 h
non-caffeine culture (Iwamoto et al., 2005).
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Therefore, it should be elucidated which stage of
porcine oocyte is affected by caffeine treatment. To
investigate the timely treatment of caffeine to rescue
aging oocyte, caffeine was supplemented after in
vitro maturation (IVM) or during metaphase I —
metaphase 11 (MI — MII) transition. Then, examined
the effect of caffeine supplementation on the porcine
parthenogenetic embryo development in order to
enhance the quality of aging oocytes and to improve
the embryo development supporting somatic cell
nuclear transfer embryo.

MATERIALS AND METHODS

Oocyte collection and in vitro maturation

Porcine ovaries were collected from prepubertal
gilts at the local slaughterhouse and transported to
the laboratory within 2 h. Antral follicles from 4 to 6
mm were aspirated to collect the oocytes-cumulus-
granulosa cell complexes (OCGs) using 18 G needle.
Groups of 10-15 OCGs with multi-layered compact
cumulus and homogenous ooplasm were cultured in
basic maturation medium (Bui et al, 2007)
containing TCM-199 supplemented with 10% (v/v)
fetal bovine serum, 0.1 IU/mL human chorionic
gonadotropin (hCG), 0.1 mg/mL sodium pyruvate,
and 10% (v/v) follicle fluid for 42 h at 38.5°C, 5%
CO,. After 42h of IVM, the cumulus cells were
removed in 0.1% hyaluronidase, and the oocytes
extruding the first polar body were selected as
mature oocytes.

Oocyte aging and caffeine treatment

After IVM for 42 h,the mature oocytes were
induced aging by keeping in the basic maturation
medium without hCG and follicle fluid for 6 h and 8
h in the incubator

For caffeine treatment after IVM, mature
oocytes were treated with different concentrations of
caffeine (0, 5, and 10 mM) during the time of aging
(6 h and 8 h) to acquire optimal conditions. Then
oocyte were activated to examine developmental
competence of embryos.

For the caffeine treatment during MI — MII
transition, the OCGs were first cultured in basic
maturation medium for 27 hours (to Metaphase I
stage) and then transferred to basic medium
supplemented with 5 mM caffeine for the next 15
hours (from Metaphase I to Metaphase II stage).
Then mature oocytes were activated to examine the
developmental competence of embryos.
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Parthenogenetic activation

The oocytes were activated in a field solution
composed of 0.3 mM Mannitol, 0.05 mM CaCl,, and
0.1 mM MgSO, between two parallel stainless-steel
electrodes (0.5 mm apart) within a chamber
connected to an Electro Cell Fusion Generator
(LF201, Nepa Gene). The oocytes were activated by
double direct-current (DC) pulses of 100 V for 100
us. After 6 h from the time of electro-stimulation,
the activated oocytes were fixed in 1:3 (v:v) acetic
acid to the ethanol solution for the examination of
the chromosome structure. The activated oocytes
were stained with 1% (w/v) orcein in acetic acid and
classified into pronuclear formation (activated) or
metaphase II (not activated).

In vitro development of parthenogenetic embryo

After obtaining the optimal electrical setting for
activation, different groups of the fresh mature
oocyte, aging oocyte treated caffeine after MII or
during MI-MII were activated to examine the
embryo development and embryo quality. The
activated oocytes were cultured in the mWM306
medium (Thuan et al, 2002) supplemented with 5
pg/mL Cytochalasin B (CB) for 6 h to produce the
parthenogenetic diploids. After 6 h, the embryos
were transferred to mWM306 medium without CB.
The embryos were transferred to mWM256 medium
(Thuan et al., 2002) 48 h after activation and
cultured for a total of 168 h. The parthenogenetic
embryo development was observed and recorded at
24, 48, 96, 120, and 168 h after activation,

respectively, to different embryo development stages:

two-cell, four-cell, eight-cell, early blastocyst, and
blastocyst.

Assessment of embryo quality

The  blastocysts were fixed in 4%
paraformaldehyde for 40 min and permeabilized
with 0.2% Triton X-100 for overnight. The embryos
were stained with 2 pg/ml 4,6-diamidino-2-
phenylindole (DAPI) for 30 min and the DNA was
visualized under a fluorescent microscope to count
the cell number in each blastocyst (Bui ef al., 2012).

Statistical analysis

Statistical analysis was performed by Statistical
Package for the Social Science Statistics (SPSS)
version 22. Statistical differences among groups
were analyzed by one-way ANOVA with P-value
<0.05 that was considered as statistically significant.
Three replicates were performed to obtain the data.

RESULTS AND DISCUSSION

In vitro maturation and parthenogenetic
activation of oocytes

After in vitro culture of 42 h, all of OCGs
showed cumulus expansion indicated that oocyte
undergoes maturation phase successfully (Figure 1A).
The oocytes were denuded of cumulus cells
completely by hyaluronidase solution. The extrusion
of the first polar body was inspected under an
inverted microscopy to assess mature oocyte (Figure
1B). Then oocytes were fixed in Aceto-orcein to
examine the meiotic competence of the oocyte.
Nucleus morphology of oocyte undergoes this stage:
germinal vesicle stage (GV), the first metaphase
(MI), the first Anaphase-Telophase (AI-TI) and the
second metaphase (MII) (Figure 1C-F). Most of
oocytes obtained full meiotic competence reached to
MII (79.60%) and only a small number of oocytes
were maintained at GV, MI, AI-TI (8.46%, 5.47%,
2.49%, respectively) and degenerated (3.98%)
Experiment was repeated 4 times with total 201
oocytes.

Mature oocytes with the appearance of the first
polar body entrapped within the zona pellucida were
used for electro-activation as mentioned in the
methods. After Aceto-orcein staining of electro-
stimulated oocytes, their female pronuclei (FPN)
were observed and the FPN formation rates were
recorded as the efficiency of the electro-activation
(Figure 1G). The pronuclear formation rate was
achieved about 90% in our parthenogenetic
activation system.

Effect of caffeine treatment after IVM on aging
oocyte

For caffeine treatment after IVM, mature
oocytes were treated with different concentrations of
caffeine (5 or 10 mM) for different periods of time
as mentioned in methods, and then oocytes were
activated to examine the developmental competence
of the embryo.

The development of 2-cell embryos with the
caffeine treatment is significantly higher than
without treatment in both the 6 h and the 8 h (Table
1). However, the number of embryos reduced in
longer duration of aging (8 h) and it was
significantly reduced with high concentration of
caffeine (10 mM). Therefore, the caffeine treatment
with an appropriate concentration of 5 mM was
recommended to rescue the oocyte aging. However,
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although caffeine can increase the number of
embryos at 4-cell stage, the cytoplasmic

homogeneity is significantly reduced in aging oocyte
compared to fresh oocyte and it could not improve
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by caffeine treatment (Figure 2). In addition, there
was no significant different in number of eight cell
and blastocyst stage in caffeine treated and untreated
group (Table 1).

Figure 1. Morphology of porcine oocyte after in vitro maturation (IVM). (A) Expansion of cumulus cell surrounding the oocyte
after 42 hours of IVM and (B) Mature oocyte with the extrusion of the first polar body (arrow). (C-F) Nucleus morphology of
oocyte undergoes meiotic competence with these stages: Germinal Vesicle (GV, C); Metaphase | (Ml, D); Anaphase I-
Telophase | (Al-Tl, E), Metaphase Il (MIl, F). (G) Successful activation of zygote with two pronuclei (arrows).

Table 1. The developmental competence of parthenogenetic embryos derived from aging oocytes treated caffeine 6-hour

and 8-hour.
Caffeine N No. (%) of embryos
. o. of
Treatment concentrati
on (nM) oocytes  Two-cells Four-cell Eight-cell Blastocyst
oh 0 87 82 . 71 . 65 . 34 .
(94.25 +1.16)°  (81.63 +0.83) (74.73 £0.74) (39.15 £1.89)
0 85 57 41 35 9
(67.04 £1.41)"  (48.23 +1.03)° (41.18 £1.04)° (10.59 +0.12)"
64 59 35 21
6h 5 74 ab ab b b
(88.95 £3.60)" (79.78 +0.64) (47.53 £1.24) (28.50 +0.89)
65 58 35 13
10 76 b b b R
(85.66 £2.09)° (76.16 +2.80) (45.99 +1.20) (17.21 £1.84)
0 79 45 36 30 7
(57.04 £2.36)°  (45.67 +1.50)° (37.92 +0.99)° (8.94 +1.54)™
8h 5 73 61 ) 52 ) 29 ) 9 )
(83.52 £0.59)°  (71.16 +1.03) (39.65 +1.41) (12.25 +£2.07)
10 84 63 55 32 4

(75.02 +1.88)°

(65.49 +0.69)"

(38.04 +2.75)°

(4.76 £1.19)°

Within the same column, percentages with different superscripts (a-e) differ significantly. “n”:

examined.
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A B C D pi—

Figure 2. Typical morphology of 2-cell and 4-cell embryos developed from (A, B) Aging oocytes and (C, D) Fresh oocytes.
Aging oocytes had non-homogeneous cytoplasm while fresh oocytes have uniform cytoplasm. Scale bar = 35 pym.

Effect of caffeine treatment during MI-MII untreated groups. Therefore, the supplementation of
transition on aging oocyte caffeine during MI-MII transition has no impact on
the maturation rate of oocytes. Then, mature oocytes
treated and untreated with caffeine were activated to
produce parthenogenetic embryos, then further
cultured for development to two-cell, four-cell,
eight-cell, early blastocyst and blastocyst stage
(Figure 3).

For the caffeine treatment group, the OCGs were
first cultured in basic maturation medium for 27
hours (to MI stage) and then transferred to basic
medium supplemented with 5 mM caffeine for the
next 15 hours (from MI to MII stage). After IVM,
oocytes were examined meiotic competence through Aging oocytes had led to a significant decrease
expansion of cumulus and extrusion of first polar in the percentage of embryos that could develop to 4-
body as mention in Fig. 1., and there was no cell, 8-cell and blastocyst stage compared to those
significant different in both of caffeine treated and  developed from fresh oocytes (P < 0.05, Table 2).

Figure 3. Embryonic developmental stages of parthenogenetic diploid embryos derived from aging oocytes treated with caffeine
(A) Two-cell embryo (B) Four- cell embryo (C) Eight-cell embryo (D) Early blastocyst. (E) Blastocyst. Scale bar = 35 pm.

Table 2. Effects of caffeine supplementation during MI — MIl of IVM on subsequent development of parthenogenetic diploid
embryos derived from aging oocytes.

No. (%) of embryos Total cell number
Treatment Two-cell (n) .
Four-cell Eight-cell Blastocyst in blastocyst
83 70 36
Fresh oocyt 93 73.33 + 3.33)°
resh oocyte (89.27 + 0.89)° (75.32 + 2.61)° @873:072¢0 )
. 60 37 10 X
+
Aging oocyte 92 (65.23 + 1.99)° (40.25 + 1.54)° (1086 + 1020  (3466£233)
Aging oocyte IVM 77 64 34
i 92 66.00 + 2.00)°
‘é";t]ff‘e?n:M (83.73 + 2.74)° (69.57 + 0.95)° (36.95 + 0.94)° ( )

Within the same column, percentages with different superscripts (a and b) differ significantly. “n”: total number of two-cell
embryos.
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The caffeine supplementation during MI to MII
had significantly increased the percentage of
blastocysts (36.95%) compared to groups of aging
oocytes without caffeine supplementation (10.86%,
P < 0.05). Importantly, caffeine treatment on aging
oocyte can increase the number of blastocyst similar
to fresh oocytes (Table 2) and also increase the total
cell number in blastocyst (Fig. 4).

There was DNA fragmentation in the blastocysts
derived from aging oocytes (Figure 4. A, B),
interestingly, caffeine supplementation during MI-
MII transition could reduce DNA fragmentation in
the blastocyst stage (Figure 4.C, D). From previous
studies proved that during aging, the DNA
fragmentation occurred in mice and human oocytes
after in vitro maturation, especially, the
fragmentation of DNA appeared in the first polar
body and oocyte cytoplasm (Fujino ef al., 1996). The
correlation of apoptotic death and DNA
fragmentation was the main cause for decreased
quality of oocytes and lower fertilization in older
women (Wu et al., 2000). Therefore, the addition of
caffeine during metaphase I to metaphase II can
reduce the DNA fragmentation in 6 hours-aging
oocytes which is potential for enhancing the quality
of embryos and blastocyst implantation ability. This
application of caffeine was performed on the
parthenogenesis model with duration of 6 hours, an
approximately equivalent duration as SCNT takes to
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finish, with an expectation that it can enhance the
success rate of further animal cloning. Aging-
oocytes is the main reason to decrease the
developmental competence of the embryo during in
vitro development and also one of the biggest
challenges to succeed in SCNT.

The level of MPF molecules has correlation with
the oocyte development, the high level of activated
MPF expressed in metaphase I and metaphase II
mammalian oocytes and its decrease induced by
fertilization (Choi et al., 1991). This decreased level
of MPF was the trigger for escape from metaphase-II
arrest (Taieb et al., 1997). This indicated that
maintaining the level of MPF can delay oocyte aging.
It showed that caffeine could effectively exert its
function to maintain the level of MPF for rescuing
aging oocytes (Kikuchi et al., 2001). In detail, the
level of MPF protein complex decreased over the
time after the oocyte reached the metaphase stage.
We demonstrated that caffeine significantly
increased in quantity and quality of blastocysts
developed from aging oocytes. Therefore, the
caffeine treatment during in vitro maturation at
metaphase I to metaphase II transition may enhance
the success rate of SCNT since the images of
embryos developed from aged oocytes with their
natural morphologies observed in the study indicated
that caffeine is able to fulfill the required priority of
safety to use in practical application.

Figure 4. The typical pattern of parthenogenetic diploid blastocyst derived from aging oocytes without and with caffeine
supplementation. The DNA was counterstained with DAPI. (A, B) Blastocyst derived from the aging-oocyte without caffeine
(A, bright field; B, DAPI), white arrow pointed at DNA fragmentation; (C, D) Blastocyst derived from aging-oocyte with
caffeine supplementation (C, bright field; D, DAPI). Scale bar = 30 ym.
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CONCLUSION

This study demonstrated that the
supplementation of 5 mM caffeine during metaphase
I to metaphase II transition on aging oocytes had
significantly improved the developmental
competence of the embryo to four-cell, eight-cell and
blastocyst stage. Especially, caffeine can improve
the quality of blastocysts through increasing total
cell number and reducing the fragmentation of
embryo from aging oocytes. Conclusively, caffeine
is a potent chemical for improving the quality of
embryo developed from aging oocytes which will be
the premise for the success of animal cloning now is
ongoing in our laboratory.
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CAFFEINE NANG CAO KHA NANG PHAT TRIEN CUA PHOI TRINH SAN KiCH HOAT
TU TE BAO TRUNG LON LAO HOA

Nguyén Thi Thuy Van'?, Pham Truong Duy"?, Nguyén Vin Thuin'?, Bui Hong Thiy'*

Phdng Thi nghiém tai lap trinh té bao, Khoa Cong nghé sinh hoc, Truong Dai hoc Quéc Té, Thanh phd Ho
Chi Minh, Viét Nam

’Pai hoc Quéc gia Thanh phé Ho Chi Minh, Viét Nam

TOM TAT

Qué trinh 130 hoéa cua t& bao trimg (TBT) xay ra trong k¥ thudt nhan ban vo tinh dong vat do thoi gian lay
nhan va chuyén nhan kéo dai din dén giam ti 1& sdng cua phoi. Caffeine da duy tri nhan tb thic ddy truong
thanh (MPF) tir TBT chin (MII), hy vong s& ting cudng chit lugng ctia TBT ldo hoa. Dé diéu tra thoi gian tac
dong cua caffeine 1én TBT ldo hoa, caffeine dugc bd sung sau khi trimg dugc nudi chin trong dng nghiém
(IVM) hodc trong giai doan tir metaphase I dén metaphase II (MI - MII). Trudc tién, kiém tra tic dung ciia
caffeine sau IVM, MII dugc giy ldo hoa trong vong 6 hodc 8 gio, ddng thoi bd sung cac ndng do caffeine khac
nhau (0, 5 va 10 mM) va kiém tra chit luong TBT théng qua kich hoat tao phéi trinh san. Mic du caffeine co
thé cai thién sy phat trién ciia phoi tir TBT 1o hoa, tuy nhién, tinh ddng nhét té bao chit giam dang ké 6 TBT
ldo hoa so voi TBT tuoi va sur cai thién khong dang ké khi dugc xir 1y bing caffeine. Tiép theo, Caffeine da
dugc bd sung trong giai doan MI - MII ciia IVM. Sau d6, MII dugc d& ldo hoa trong vong 6 gior dé kiém tra
chit luong TBT thong qua phoi trinh san. Két qua cho thiy 5 mM caffeine bé sung vao giai doan MI-MII da
gia ting mot cach dang k& sy phat trién ciia phoi tir TBT 130 hoa. Dic biét, xir ly bang caffeine co thé cai thién
tinh ddng nhit t& bao chit trong phéi va gia ting chét luong phoi nang bing cach gia ting sé luong té bao cua
phoi ti TBT ldo hoa.

Tir khoa: caffeine, t& bao trimg chin, té bao trimg 130 hoa, kich hoat dién, phéi trinh san
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