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Abstract: The objective of this study was to analysis the key factors which may be determinative to
Superovulation (SO) in thesus monkey. Total 361 rhesus monkeys were stimulated with recombinant human
gonadotroping and Ova Pick Up (OPU) was conducted by laparoscopic follicular aspiration. Number of total
ova and oocytes at Metaphase I (MI) and Metaphase I (MII) (MI+MII) from each retrieval was calculated,
MI+MII>10 was defined as effective SO-OPU while MI+MII<10 was defined as non-effective SO-OPU.
Parameters including age, month in breeding season, stimulated times and stimulation interval were compared
between effective and non-effective SO-OPU. The results showed that 5-10 vears old rhesus monkeys were
1deal oocytes donors while 3-4 years old and 10 years old monkeys included high rate of poor responders. SO
conducted from late October to next February harvested sunilar fecundity while the rate of poor responders
increased in March which imply proper SO breeding season should be from late October to next February. Tn
addition, SO-OPU outcomes were gradually decreased along with the increased times of repeated stimulation.
Further analysis showed that stimulation mterval affected monkeys’ response to recombinant human
gonadotropms. When the mterval was <2 menstrual cycles, the fecundity compromised sigmficantly. In
conclusion, the key determinative factors to SO-OPU should be animal’s age and stimulation interval in rhesus
monkey stimulated with recombinant human gonadotropins.
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INTRODUCTION

The rhesus monkey has been one of the most widely
used laboratory animal in medical and biological research
due to its close relationship to human being in anatomy,
genetics and physiology. Rhesus monkey has similar
characteristic of menstrual cycle to human, it 1s an 1deal
model to study the biology of human reproduction.
Embryos are basic materials to explore series of scientific
problem 1in reproductive and developmental biology.
However, it 1s difficult to obtain plenty of human embryos
because of ethical and jurally limitation. To obtain
embryos from rhesus monkey is still difficult but much
feasible compare to from human.

Collection of oocytes from rhesus monkey is the
basic procedure for in vitro embryology research. In order

to obtain ample quantitative and fine qualitative oocytes,
ammals are often admimstrated exogenous gonadotropins
to cause Superovulation (SO) (Bavister et al, 1986
Zelinski-Wooten et al., 1995).

Researchers have paid great effort on SO in rhesus
monkey for improving the yield of ococytes retrieval.
These studies found many factors affect SO outcome
which including age (Hull ef al., 1996, Nichols et al., 2010;
Yang et al., 2009), dose of gonadotropins (Yang et al.,
2007), physiological condition and repeated ovarian
stimulation (Bavister ef al., 1986, Ottobre and Stouffer,
1985; Yang et al., 2009), Initiation timing (Chen et al.,
2011), etc.

However, little attention has been paid to workout
which factor(s) would be determinant to SO outcome
which caused instability, variability and high inefficiency
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in some treatments. Therefore, researchers have
retrospectively analyzed and summarized the data from

361 SO treatments in rhesus monkeys.

MATERIALS AND METHODS

Animals: All ammmal procedures were approved in
advance by the Institutional Animal Care and Use
Committee at the Kunming Biomed International (KBT) and
Kunming Institute of Zoology, Chinese Academy of
Sciences. Rhesus monkeys aged 3-15 years old (Body
weight was about 4-8 kg) were selected as oocyte donors
and caged mdividually m a controlled environment
(Temperature 20-24°C, humidity 40-60% and lighting cycle
from 08:00-20:00 h). Vaginal bleeding was checked at least
twice a day to detect the onset of menses.

Superovulation (50O) and Ovum Pick Up (OPU): 30 was
conducted 1n breeding season of rhesus monkey which
lasted from late October to next March. According to the
ages of animals, female rhesus monkeys were divided into
three groups: group 1, puberty, 3-4 years old; group 2,
adult, 5-10 years old and group 3, pre-menopause,
11-15 years old. All selected donors were administrated
thFSH (Gonal F, Laboratories Serono SA, Aubonne,
Switzerland) to ovarian stimulation by mtramuscular
mjection during the physiologic breeding season as
described before (Yang et ol, 2008). Treatment was
random initiated on 1-5 days after the onset of menses.
The 37.51U of thFSH was given for the first imection and
18 IU of thFSH was given twice daily for 8 days. 1000 [U
of thCG (Recombinant human chorionic gonadotropin
alpha for mjection, Merck Serono) was injected on day
Sth. For oocyte retrieval, animals were anesthetized with
anesthetic agents ketamine (10-12 mg kg™") and atropine
(0.3-0.4 mg) and analgesic agent morphine (0.05 mg kg ™)
given intramuscularly.

OPU was conducted from animals by laparoscopic
follicular aspiration (STORZ, Germany) 32-35 hafter thCG
administration (Yang et al., 2007). Follicular contents were
placed into HEPES-buffered TALP (Modified Tyrode
solution with albumin, lactate and pyruvate) medium
(Bavister et al, 1983) contaiming 0.3% Bovine Serum
Albumin (BSA) at 37°C.

Oocytes
mechanical pipetting after brief exposure (<1 min) to
hyalurcnidase (0.5 mg mL™) to allow classification of

were stripped of cumulus cells by

nuclear maturity as Prophase T (PT; intact germinal
vesicle), Metaphase T (MI; no germinal vesicle, no polar
body) and Metaphase II (MII; one polar body). Immature
oocytes in either PI or MI stages were cultured ina 50 pL

drop of medium CMRIL-1066 containing 10% FBS,
10IUmL™ of porcine FSH and 10 IU mL ™" of ovine LH
at 37°C in humidified 5% CO, in air for up to 24 h.

Follicular development monitor by ultrasonography:
Follicular development  was monitored by
ultrasonography on day 6th of SO by Diasus ultrasound
system (Dynamic Imaging Ltd., Livingston, Scotland, UK)
with 10-22 MHz linear-array transducers. If there were no
obvious or only 2-3 predominant follicles on each ovary,
the SO was considered as non-effective and succeeding
treatment would be canceled. Before ultrasonography
detection, animmals were anesthetized with ketamine

(10-12mg kg™).

Statistical analysis: Duration of menstrual cycle and
quantity of SO and OPU were recorded. Number of ova,
MT and MTI oocytes from donor animals were collected.
MI+MII=10 was defined as effective SO-OPU while
MI+MII<10 was defined as non-effective SO-OPU. Data
were expressed as the MeantSEM (Standard Error of the
Mean) and analyzed on SPSS software using the least
signmficant difference test. Sigmficant difference was
defined as p<0.05 and extreme difference was defined as
p<0.01.

RESULTS

The effect of age on SO-OPU in rhesus monkeys: The
menses of rhesus monkeys at different ages was observed
and those who had onset of menses in 3 successive
cycles were shown in Table 1. The duration of menstrual
cycle and OPU outcomes were compared according to
animal’s ages.

The mean duration of menstrual cycle in puberty
monkeys (23.72+0.75 days) was significantly shorter than
those who were =5 years old ones (about 28 days)
(p<0.05). These data showed that ages of rhesus monkey
determine the duration of menstrual cycle which had
important effect on animal’s response to recombinant
human gonadotropins.

To further analyze the effect of age on SO-OPU
outcomes, 361 female oocytes donor rhesus monkeys
were divided into 3 groups including puberty (3-4 years
old, n = 54), adult (5-10 years old, n = 231) and
pre-menopause (=10 years old, n= 31). On the day 6th of
S0, monkeys were monitored by ultrasonography, good
responders were injected subsequent thFSH and thCG.

Table 1: Duration of menstrual cycle of monkeys at different ages

Groups No. of animal Duration of inenstrual cycle (davs)
Puberty (3-4 years old) 22 23.72+0.75¢
Adult (5-10 years old) 31 27.854+0.51%
Pre-menopause (11-15 vears old) 18 28.15+0.50°

=*Denotes significant difference, p<0.05
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Table 2: SO-0OPU outcomes of oocytes donor rhesus monkeys in different ages

Groups No. of 80 No. of OPU (%) (MIH+MID) = 10 (%) No. of ova/n No. of (MI+MIT)yn
Puberty (3-4 vears old) 54 46 (85.19) 34 (73.91) 44.8543.70 25.03+2.41
Adult (5-10years old) 231 212 (91.77) 156 (73.58) 48.4042.03 26.82:+1.34
Pre-menopause (11-15 years old) 76 66 (85.71) 47 (69.32) 43.024+2.96 24.53+1.99
Table 3: SO-OPU results of re-stimulated rhesus monkeys

Re-stimulation No. of SO No. of OPU (MI+MID)= 10 (%) No. of ova/n* No. of (MI+MID/n*
0 150 140 105 (70.00) 46.04+2.46° 27.26+1.76*
Once 87 80 56 (64.37) 46.55+3.09° 25.89+2.15
Twice 66 59 40 (60.61) 55.1344.46° 27.5542.35°

3 times 35 33 25(71.43) 37.88+2.73%° 20.12+1.29

24 times 23 19 13 (56.52) 43.00£3.50* 22.08+1.76"

“IDifferent letter in same row showed that the mean number of ova or cocytes at MI plus MII was significantly different among groups (p<0.05). ®**meant
the marked value had no significant difference between ab and a or b, ac and a or ¢, be and b or ¢. *No. of ova and treatment animal was calculated according

to effective SO-OPU [(MI+MIT) =10]
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Fig. 1. Compare of SO-OPU efficiency of different month
in breeding season in rhesus monkey. Efficiency
= [(No. of (MI+MII)>10 OPU/No. of 50)»100%].

**Denotes sigmificant difference, p<0.05

After OPU, number of MI+MII oocytes and rate of
OPU [(No. of OPU/No. of SO)x100%] and effective SO-
OPU [(No. of (MI+MII)=10 OPU/No. of SO)*100%] was
shown in Table 2.

Monthly difference of SO-OPU outcomes in breeding
season: Little attention was paid to the difference of
SO-0OPU result in each month during the breeding season
of thesus monkeys. In this study, 217 SO treatments of
adult female rhesus monkeys (5-10 years old) in three
breeding seasons were chosen to be oocytes donors and
SO were started on day 1-4 of menses. As defined before,
number of MI+MIT oocytes =10 was considered effective
SO-OPU. So, only the efficiency of SO was referred here.
SO and OPUJ result in each month was shown in Fig. 1.
After analysis the data of 3 breeding seasons, the
efficiency of OPU [(MI+MII)>10] 1 each month was 70%
(14/20), 74.47 (35/47), 77.55 (38/49), 73.33 (33/45), 63.41
(26/41) and 40% (6/15), respectively. These data imply that
the optimal months for SO in rhesus monkey are October
to next February.
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Compare of influence of re-stimulation mterval on
SO-OPU efficiency and fecundity in rhesus
monkeys re-stimulated in one breeding season
when interval is <2 cycles, the mean number of
ova and efficiency of SO-OPU was significantly
decreased compared with those mterval >2 cycles
(p=0.05)

Fig.

The effect of re-stimulation on SO-OPU fecundity in
rhesus monkey: Some rhesus monkeys m KPRC
were used as oocytes donor up te 8 times. Without
regard to other parameter such as ammal’s age, SO
imtiated time pomt and month n breeding season, 361
donors were divided into 5 groups according to times of
re-stimulation. In general, efficiency of SO-OPUJ and
mean ova and mature oocytes (MI+MII) was gradually
decreased along with the mcrease of re-stumulation
(Table 3).

However, some individual had potential to be
continuously sensitive to recombinant gonadotropins
which caused a non-linear relationship between re-
stimulation and SO-OPU fecundity. Importantly, we found
that if the animals were continuously stimulated in one
breeding season, the interval of re-stimulation had crucial
effect on efficiency and fecundity of SO-OPU (Table 4).
When the re-stimulation interval >2 cycles, the efficiency
and fecundity was significantly lower than the Ist
stimulation but much higher than that of mnterval <2
cycles (Fig. 2).
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Table 4: SO-OPU results of re-stimulated in one season at different interval in rhesus monkeys

Re-stimulation No. of 3O NO. of OPU (MI+MIT) =10 (%) No. of ovan® No. of (MI+MIT)/n*

Tnterval »2 cycles (In one season) 43 37 25(38.14) 36.63+3.67° 16.93+2.25%

Interval <2 cycles (In one season) 17 11 5(29.41) 20.50+5.84° 10.50+3.56°
DISCUSSION maybe the mainly cause to produce antibodies in repeat

An effective SO should be conducted at proper
breeding season according to menstrual cycle. Similar to
other animals, selection of oocytes donor rthesus monkey
15 a necessary process. This study demonstrated that
amimal’s age and stimulation mterval might be the
determinant factors to fecundity of superovulation in
rhesus monkey. Puberty of female rhesus monkey begins
about at 30 months (2.5 vears old) and menarche emerges
at 32 months (2.6 years old) (Wilson and Kinkead, 2008).
According to momitor of onset of menses and body
weight, monkeys aged 3-4 years old and body weight
»4.0 kg were designated puberty group. While 5-10 years
old ones belonged to adult group and 11-15 vears old,
pre-menopause group. Interestingly, the data show that
the duration of menstrual cycle in puberty was
significantly shorter than adult ones. In the experiment,
protocol of 3O was same to each animal, without regard to
age and body weight. Optimal dose of thFSH and thCG
and treatment period for adult animal may be suboptimal
to puberty or pre-menopause one. This may be the reason
that caused high differential SO outcomes in puberty and
pre-menopause. Whether, it necessary to set up
mndividual procedure according to ammal’s age, body
welght and menstrual cycle 1s still need future proof but
undoubtedly, animal’s age is a key fact which affect
fecundity of SO in rhesus monkeys. Another effect of age
to fecundity is aging of ovaries (Nichols et al., 2010;
Schramm et al., 2002). Undergrown physiological fimetion
in pubertal and gradually decrepit reproductive system in
aged rhesus monkey caused poor response to
gonadotropins.

Bavister ef al. (1986) found that rhesus monkey
became refractory to repeated ovarian stimulation by
Pregnant Mare Serum Gonadotropin (PMS3G). Long time
administration of human Chorionic Gonadotropm (hCQ)
produced antibody m rhesus monkeys (Ottobre and
Stouffer, 1985). These antibodies did not alter the
regulation of the menstrual cycle but attenuated the
response  to  exogenous human  gonadotropins
(Ottobre and Stouffer, 1985).

PMSG was replaced by short half-life product
FSH which was extracted from pituitary glands and
urine and now recombinant (De Placido et al, 2000,
Fisch et al., 1995; Ludwig et al, 2003). The thFSH is
effective to stimulation of superovulation in human
and m rhesus monkeys and to injection of rhFSH
will not result m the formation of antibodies in
human, even m rhesus monkeys. However, thCG 1s still
widely used in monkeys for oocytes maturation which

stimulated rhesus monkeys (Ottobre and Stouffer, 1985).

Recombinant Luteinizing Hormone (LH) is ideal
substitution to hCG and recombinant rhesus monkey
gonadotropins  will be the optimal future choice
(Ludwig et al., 2003; VandeVoort and Tarantal, 2001).
Another mmportant concern of SO m rhesus monkey 1s
the arrangement of repeated stimulation which meluding
repeated times and interval.

Therefore, in order to analyze the influence of these
factors to SO-OPU outcomes, 361 rthesus monkeys at
different ages from 3 breeding seasons were divided into
5 groups according to the times of repeated stimulation.
We found that the efficiency and cocytes yield decreased
along with the increase of SO frequency. This showed the
repeated stimulation affect SO outcomes in rhesus
monkey but this influence is not decisive. The previous
investigation found that the repeated ovarian stimulations
would be successful when the mterval of re-stimulation
was =2 menstrual cycles (Yang ef al., 2008).

The present data has verified and supported that
conclusion. Compared to those whose duration of re-
stimulation was >2 menstrual cycles when the duration
was <2 cycles, the efficiency and fecundity decreased
significantly. One possible reason might be the surgical
operations affect the physiological status of amimal but
similar result was obtained even after minimally invasive
surgery laparoscopic follicular aspiration was introduced.
Poor responders increased in animals re-stimulated <2
cycles imply the thCG might still be the mainly cause to
this consequence.

The data also showed the period of breeding season
and stimulation initiated time point had effect on
fecundity, these results remind us that the proper season
of SO should be conducted from late October to next
February. In this study, researchers did not show the
results of developmental potential of oocytes. This 1s
because of two reasons. Firstly, the oocytes obtained
were used as materials in different subsequent
experiments such as in vitro fertilization, transgenic,
nuclear transfer or chimeric research.

It 1 difficult to compare the development of
oocytes and embryos among those trials. Secondly,
the previous studies had compared developmental
capacity of oocytes obtained from  different SO
regimen (Yang et al., 2008), from different ages of animals
(Yang et al., 2009) and seasonal influence (Zheng et al.,
2001). These data found cocytes developmental capacity
varied i non-breeding seasonversus  breeding
season and prepuberty versus adult (Yang et al, 2009,
Zheng et al., 2001). In the present study, the oocytes
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donor animals were aged from 3-16 years which
should be normal reproductive stage in rhesus monlkeys.

Besides, all SO treatment was performed in breeding
season. Therefore, the efficiency and mean ova and
number of MI+MII oocytes could be useful to judge the
fecundity of SO 1n rthesus monkey.

CONCLUSION

In this study although, many factors could affect
the outcomes of superovulation in rhesus monkeys
stimulated with recombinant gonadotropins, animal’s age
and the stimulation interval might be the determinant of
the fecundity.

ACKNOWLEDGEMENTS

Yongchang Chen, Shaohui I1 and Yuyu Niu are
contributed to equally in this research. Researchers
gratefully acknowledge the technical assistance of staff in
KPBI animal center for their cooperation throughout the
study. Researchers are grateful for grants from the Major
State Basic Development Program, 2006CB701505 and
2007CB947701; the National Key Technology R and D
Program, 2007BAT33B00; the National S and T Major
Project 20097X09501-028; the China National Science
Foundation 30701059 and 30700425 and the Yunnan
Province Union Supported National Technology Program
2008GA003.

REFERENCES

Bavister, BD., C. Dees and R.D. Schultz, 1986.
Refractoniness of thesus monkeys to repeated ovarian
stimulation by exogenous gonadotropins 1s caused
by nonprecipitating antibodies. Am. J. Reprod.
Immunel. Microbiol., 11: 11-16.

Bavister, BD., M.L. Leibfried and G. Lieberman, 1983.
Development of preimplantation embiyos of the
golden hamster in a defined culture medium. Biol.
Reprod., 28: 235-247.

Chen, Y.C, Y.Y. N, 3.H I, X.C. He, X H. Tang and
W.Z. J1, 2011. Imitiation timing camnot predict success
of superovulation in Rhesus monkeys (Macaca
mulatta). . Anim. Vet. Adv. (In Press).

De Placido, G., C. Alviggi, A. Mollo, 1. Strina,
M.T. Varricchio and M. Molis, 2000. Recombinant
follicle stimulating hormone 18 effective in poor
responders to highly purified follicle stmulating
hormone. Hum. Repred., 15: 17-20.

Fisch, B., OM. Avrech, H. Pinkas, A. Neri and
O. Rufas et al., 1995. Superovulation before IVF by
recombmant versus urinary human FSH (combmed
with a long GnRH analog protocol): A comparative
study. J. Assisted Reprod. Genet., 12: 26-31.

Hull, M.G., C.F. Fleming, A.O. Hughes and A. McDermott,
1996. The age-related decline in female fecundity: A
quantitative controlled study of implanting capacity
and survival of individual embryos after in vitro
fertilization. Fertil. Steril., 65: 783-790.

Ludwig, M. L.G. Westergaard, K. Diedrich and
C.Y. Andersen, 2003. Developments in drugs for
ovarian stimulation. Best Pract. Res. Clin. Obstet.
Gynaecol., 17: 231-247.

Nichols, SM., L. Gierbolini, I.A. Gonzalez-Martinez and
B.D. Bavister, 2010. Effects of i vifro maturation and
age on cocyte quality in the rhesus macaque Macaca
mudatta. Fertil. Steril., 93: 1591-1600.

Ottobre, J.S. and R.L. Stouffer, 1985. Antibody production
in  rhesus monkeys following  prolonged
admimstration of human chorionic gonadotropin.
Fertal. Steril., 43: 122-128.

Schramm, R.D., A.M. Paprocki and B.D. Bavister, 2002.
Features associated with reproductive ageing in
female thesus monkeys. Hum. Reprod., 17: 1597-1603.

VandeVoort, C.A. and A F. Tarantal, 2001. Recombinant
human gonadotropins for macaque superovulation:
Repeated  stimulations and  post-treatment
pregnancies. J. Med. Primatol., 30: 304-307.

Wilson, M.E. and B. Kinkead, 2008. Gene-environment
interactions, not neonatal growth hormone
deficiency, time puberty in female rhesus monkeys.
Biol. Reprod., 78: 736-743.

Yang, S., X. He, T.B. Hildebrandt, Q. Zhou and W. I1,
2007. Superovulatory response to a low dose single-
daily  treatment of thFSH  dissolved in
polyvinylpyrrolidone in rthesus monkeys. Am. T.
Primatol., 69: 1278-1284.

Yang, S., X. He, Y. N, T.B. Hildebrandt, K. Jewgenow
and F. Goeritz et al, 2009. Ovarian response to
gonadotropin stimulation in juvenile rhesus monkeys.
Theriogenclogy, 72: 243-250.

Yang, S, Y. Shen, Y. N, T.B. Hildebrandt and
K. Jewgenow et al., 2008. Effects of rhF'SH regimen
and time interval on ovarian responses to repeated
stimulation cycles in rhesus monkeys during a
physiologic  breeding Theriogenology,
70: 108-114.

Zelinski-Wooten, M.B., I.S. Huichison, D.L. Hess,
D.P. Wolfand R L. Stouffer, 1995. Follicle stimulating

supports  follicle growth  and

in  gonadotrophin-releasing
monkeys. Hum.

s€asor.

hormone alone
oocyte development
hormone antagonist-treated
Reprod., 10: 1658-1666.

Zheng, P., W. 51, H. Wang, R. Zou, B.D. Bavister and
W. I1, 2001. Effect of age and breeding season on the
developmental capacity of cocytes from unstimulated
and follicle-stimulating hormone-stimulated rhesus
monkeys. Biol. Reprod., 64: 1417-1421.

3307



