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Abstract
We studied the effects of repeated stimulation by recombinant human FSH (rhFSH) at various time intervals during a
physiologic breeding season in rhesus monkeys. Ovarian recovery and responses were assessed by ultrasonography, serum steroid
concentrations, number of oocytes retrieved, and in vitro blastocyst development following IVF. One group underwent a single
stimulation regimen with 18 IU rhFSH i.m., followed by 1000 IU hCG, and serum steroid concentrations and ovarian status were
determined in the following three menses. Another group was stimulated as before and then allocated into three subgroups; each
subgroup was re-stimulated once at the beginning of the ensuing first, second, or third menses. In the final experiment, one group
was stimulated with 37.5 IU rhFSH, whereas another group received 18 IU rhFSH. In subsequent cycles, all were re-stimulated
twice with 18 IU rhFSH at time intervals of two menstrual cycles (MCs). At the first menses after stimulation, serum progesterone
concentrations were significantly higher and the ovaries larger than before stimulation. Monkeys that were re-stimulated at the first
menses responded poorly; at the second menses, progesterone concentrations and ovarian size recovered, but the number of oocytes
retrieved from re-stimulated monkeys was still significantly reduced. However, animals that were re-stimulated in two MCs later
responded well (i.e., percentage of the animals responding, oocytes recovered, and potential for fertilization and blastocyst
formation). In conclusion, rhesus monkeys were likely to have similar ovarian responses to repeated stimulation with the same
regimen spaced at least two MCs apart.
# 2008 Elsevier Inc. All rights reserved.
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Substantial progress in the application of assisted
reproductive technologies in non-human primates over
the last two decades has resulted in the routine
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production of in vitro-derived embryos and the use of
embryo transfer to establish pregnancy [1–3]. These
successes were followed by the development of somatic
cell nuclear transfer research [4–6], which depends
upon a large number of oocytes being retrieved by
ovarian stimulation. However, the availability rhesus
monkey oocytes is impeded by the high cost of ovarian
stimulation, limited numbers of animals, and the
availability of rhesus monkeys for only approximately
half of the year, due to their physiologic breeding season
[2]. Protocols for ovarian stimulation of the rhesus
monkey have been developed that use gonadotropins
extracted from animal or human urine and/or pituitaries
[7–16]. Recently, recombinant human FSH (rhFSH)
used for ovarian stimulation improved the reliability
and results [17–19]. In previous studies, we reported
that lower dosages of rhFSH not only reduced the cost
of ovarian stimulation, but also improved results, as the
number of oocytes retrieved increased and the developmental potential with improved IVF [20,21]. However, the effects of repetitive treatments with low doses
of rhFSH and the optimal time interval for subsequent
treatments in the same breeding season are unknown.
Therefore, the objective of this study was to assess
rhesus ovarian responses to repeated treatment cycles
using various time intervals and protocols.
2. Materials and methods
2.1. Animals and chemicals
All animal procedures were approved in advance by
the Institutional Animal Care and Use Committee of
Kunming Primate Research Center. Adult female rhesus
monkeys were housed in individual cages in a
controlled environment (20–24 8C, humidity 40–60%)
and exposed to a 08:00–20:00 h light cycle. Vaginal
bleeding was monitored daily to detect the menstrual
cycle (MC) and the onset of menses. Unless stated
otherwise, all chemicals were obtained from Sigma
Chemical Co. (St. Louis, MO, USA).
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II consisted of 18 IU of rhFSH, also given twice daily
for 8 days [20]. Animals that exhibited increases of
serum estrogen and more than five follicles (at least
3 mm diameter) combined for both ovaries were defined
as ‘‘responders’’ and were given 1000 IU hCG (i.m.) at
21:00 h of Day 9 [20]; otherwise, they were characterized as ‘‘poor responders’’ and removed from the study.
Ovaries were imaged with a DiasusTM ultrasound
system (Dynamic Imaging Ltd., Livingston, Scotland,
UK) with 10–22 MHz linear-array transducers, and
mean ovarian diameter was calculated by averaging the
maximum length and width. Oocyte collection was
performed through laparoscopic follicular aspiration
[20].
There were three experiments in this study. In the
first experiment, we assessed ovarian recovery after
stimulation by Regimen II. Serum steroid concentrations and ovarian size were monitored in monkeys
(n = 26) during the following three menses after
stimulation, with the aim of understanding the potential
for repeated ovarian stimulation.
The second experiment evaluated the effect of time
interval between cycles on the ovarian responses to
repeated stimulation. Monkeys (n = 22) were first
stimulated by Regimen II and then divided into three
subgroups for repeated treatments. The first subgroup
(n = 6) was re-stimulated with Regimen II at the
beginning of the first menstrual cycle after initial
stimulation. The second (n = 6) and third (n = 10)
subgroups were re-stimulated with the same regimen at
the beginning of the second and the third menses,
respectively, during the same physiologic breeding
season.
The third experiment investigated the consistency of
ovarian responses to three consecutive ovarian stimulation cycles and the effect of high dose and reduced dose
rhFSH regimen treatments on subsequent repeated
treatments. Monkeys were stimulated with Regimen I
(n = 15) or with Regimen II (n = 10) for the first
stimulation cycle. Each group then received another two
stimulation cycles with Regimen II, with time intervals
of two MCs (Fig. 1).

2.2. Ovarian stimulation and oocyte recovery
2.3. IVF and embryo culture
During the September to March physiologic breeding season, 73 adult females (mean age: 6.4 years; mean
weight: 5.6 kg) were subjected to ovarian stimulation.
Treatment with rhFSH (Gonal F, Laboratories Serono
SA, Aubonne, Switzerland) was initiated 1–3 days after
the onset of menses. Two regimens of rhFSH were used.
Regimen I consisted of 37.5 IU of rhFSH given i.m.
twice daily, 10–12 h apart, for 8 days [19,22]. Regimen

To assess developmental competence, freshly collected mature oocytes were inseminated as in our
previous reports [20,23]. Briefly, hyperactivated sperm
and mature oocytes (MII) from the collection were coincubated for 12–16 h at 37 8C in a humidified
atmosphere of 5% CO2. Fertilized oocytes were
cultured for embryonic development under mineral
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3. Results
3.1. Analysis of ovarian recovery after a single
rhFSH stimulation cycle

Fig. 1. Timeline for Experiment 3. After the initial stimulation with
either RI or RII, the rhesus monkeys were re-stimulated twice at
intervals of two cycles during the same physiologic breeding season.
MC, Menstrual cycle; RI, Regimen I; RII, Regimen II; Re-stim, restimulated.

oil in 50 mL drops of HECM-10 [24] containing 10%
fetal bovine serum for up to 7 days at 37 8C in
humidified air containing 5% CO2. The culture medium
was changed every other day. Progress of embryo
growth was monitored daily.
2.4. Hormone assays
To quantify serum concentrations of estradiol (E2)
and progesterone (P4), blood samples were drawn from
conscious animals by saphenous venipuncture in
Experiment 1. Collections were made on the first and
last day of ovarian stimulation and again on the first day
of subsequent menses after the conclusion of ovarian
stimulation. Serum concentrations of E2 and P4 were
determined by RIA [13]. The intra- and inter-assay
coefficients of variation were all <10%.
2.5. Statistical analysis
Results obtained are presented as the mean  S.D.
unless stated otherwise. The proportion of responders
was analyzed by Fisher’s exact test between the
original cycle and repeated cycles or within the first,
second, and third stimulation cycles. For statistical
purposes, the number of oocytes recovered was
transformed by square root, and the embryo development rates were transformed by arcsine of the
square root prior to ANOVA. Paired Student’s t-test
comparisons were made between consecutive stimulation cycles in the same monkeys [20]. The
measurements of ovarian sizes and serum concentrations of steroids at various time points relative to
ovarian stimulation were log-transformed prior to
statistical analysis. They were compared with the
values at various time points by repeated-measures
ANOVA, followed by a Student’s t-test with the
Bonferroni method. Values with P < 0.05 were
considered different.

Ovaries in monkeys stimulated by Regimen II
significantly increased in size during ovarian stimulation, and gradually shrank in the following menses in
Experiment 1 (Fig. 2). Mean ovarian diameter was
6.8 mm at the beginning of stimulation and increased
to 13.6 mm at oocyte collection (P < 0.05; Table 1).
The diameter decreased to 8.5 mm at the onset of the
first menses after the conclusion of ovarian stimulation. At that time, it was still larger than the original
6.8 mm size (P < 0.05). Most of this residual increase
was due to the presence of a CL (Fig. 2). The ovarian
diameter in the following second and the third menses
returned to the base size (Table 1). Concomitantly, the
plasma concentration of E2 was 70.9 pg/mL at the
beginning of ovarian stimulation and increased to
230.2 pg/mL at the time of oocyte collection (Table 1).
After that, the E2 level returned to baseline for the
following three menses. The P4 concentration was
7.3 ng/mL at oocyte collection and 3.2 ng/mL at the
onset of the first menses, both of which were higher
than 1.8 ng/mL at the beginning of ovarian stimulation
(P < 0.05).
3.2. The effects of various intervals between
stimulation cycles on subsequent ovarian responses
There were a sharp decline in the proportion of
responders and recovered oocytes in monkeys that were
re-stimulated with the same regimen starting at the
onset of the first menses after the conclusion of ovarian
stimulation by Regimen II in Experiment 2 (Table 2).
The number of oocytes recovered, 12.0, was significantly reduced in the animals re-stimulated immediately following the completion of the first ovarian
stimulation. However, the difference in proportion of
responder animals was not significant (P = 0.06),
probably due to the small sample size. When the
second stimulation cycle was started at the beginning of
the second menses after the first cycle, the proportion of
responders did not change significantly (Table 2), but
the number of oocytes retrieved from the second cycle
was reduced compared to the first (P < 0.05). When the
second stimulation cycle was started at the onset of the
third menses after the first cycle, both the proportion of
responders and the number of oocytes retrieved in
repeatedly stimulated monkeys were similar in the
second cycle compared to the first (Table 2).
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Fig. 2. Ovarian ultrasound imaging in a rhesus monkey subjected to ovarian stimulation with Regimen II. (A) At the beginning of hormonal
stimulation, the mean diameter of the ovaries was 7.2 mm. (B) Just before oocyte collection, there were many intact follicles and the mean ovarian
diameter was 16.0 mm. (C) At the onset of the first menses after the conclusion of ovarian stimulation, the mean ovarian diameter was 8.1 mm, which
included a corpus luteum (CL). L, Left ovary; R, right ovary; bar, 5 mm.

Table 1
Mean (S.D.) ovarian diameter and serum steroid hormone concentrations in rhesus monkeys (n = 26) at various time points before and after ovarian
stimulation
Time points
Between Days 1 and 3 of initial menses, prior to ovarian stimulation
At oocyte collection
At the onset of first menses after stimulation
At the onset of second menses
At the onset of third menses

Ovarian diameter (mm)
a

6.8  0.9
13.6  4.3b
8.5  1.5c
7.1  0.9a
6.4  0.8a

E2 (pg/mL)

P4 (ng/mL)
a

70.9  16.2
230.2  86.3b
56.9  20.2a
87.4  14.3a
75.8  16.9a

1.8  0.2a
7.3  0.3c
3.2  0.3b
2.0  0.2a
2.2  0.3a

All monkeys were stimulated once by Regimen II. Within a column, means without common superscript letters (a–c) differ (a, b and b, c, P < 0.01; a,
c, P < 0.05).
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Table 2
Responding animals and mean (S.D.) number of oocytes recovered from rhesus monkeys following repeated stimulation (with various intervals
between stimulations)
Time of second stimulation

Cycle

Beginning of first MC after first stimulation (n = 6)

First
Second

Responding animals (%)
6 (100)a
2 (33)a

Number of oocytes recovered
28.5  17.1a
12.0  .0.7b

Beginning of second MC (n = 6)

First
Second

6 (100)a
5 (83)a

33.6  19.2a
17.0  8.5 b

Beginning of third MC (n = 10)

First
Second

10 (100)a
10 (100)a

28.2  10.1a
31.4  5.9 a

All monkeys were stimulated by Regimen II. Within a treatment category (interval for second stimulation), means without common superscript
letters (a and b) differ (P < 0.05). Recovered oocytes included both MII and MI stages.

3.3. Ovarian responses to three consecutive
stimulation cycles
In Experiment 3, unexpectedly, in monkeys first
stimulated with the high dose of rhFSH (Regimen I)
followed by two cycles with Regimen II, the proportion
of responders significantly decreased to 87 and 53% in
the second and third cycles, respectively, compared to
the first cycle (Table 3). The number of oocytes
retrieved also diminished from 39.5 to 24.2 in the
second cycle and 22.5 in the third cycle (P < 0.05). The
rates of fertilization and development to the blastocyst
stage were not different among the three groups
(Table 3). In contrast, the proportion of responders
among monkeys stimulated with only half the dose of
FSH stimulation (Regimen II) for three consecutive
cycles did not change over the three-cycle study period.
Furthermore, there were also no differences in the
number of oocytes recovered or rates of fertilization and
development to the blastocyst stage.
4. Discussion
To our knowledge, this is the first report to assess
ovarian recovery, ovarian responses, retrieved oocytes,

and in vitro developmental potential of IVF-produced
embryos in rhesus monkeys after repetitive ovarian
stimulation during the same physiologic breeding
season. Our study was based upon results from a
previous study [20] in which a cycling monkey was
stimulated three times with a reduced-dose gonadotropin regimen during the same physiologic breeding
season. That study yielded superior results; each of the
cycling monkeys produced approximately 80 mature
oocytes in a breeding season.
Repetitive treatments, based on considerations of
donor ages [25,26], gonadotropins used [16,26,27],
stimulation protocols [16,28], and gonadotropin
dosages [20,21], could provide alternative strategies
for increasing the efficacy of ovarian stimulation in the
rhesus monkey [29]. However, there are discrepancies
in the results reported in this field. In some studies,
repeated ovarian stimulation induced formation of
oocytes with low competency, perhaps due to oxidative
damage and mitochondrial DNA mutations [30]. For
these oocytes, there may be in vivo compensatory
mechanisms that optimize the developmental competence of ovulated oocytes, as in mice [31]. Other reports
demonstrated that ovarian responses in women [32–35],
wildlife [36], and cattle [37] were the same in

Table 3
Mean (S.D.) effects of initial rhFSH regimen and interval of re-stimulation in rhesus monkeys in the same breeding season
Number

Cycle

FSH regimen

Responding animals (%)

Number of oocytes recovered

Developmental stage (%)
Fertilized

Blastocysts

a

a

a

15

First
Second
Third

I
II
II

15 (100)
13 (87)a,b
8 (53)b

39.5  17.8
24.2  10.9b
22.5  14.8b

91.1  12.3
82.7  13.8a
90.6  10.2a

41.5  17.7a
51.6  20.3a
41.4  19.2a

10

First
Second
Third

II
II
II

10 (100)a
10 (100)a
10 (100)a

34.0  15.3a
31.4  14.5a
34.4  11.2a

87.8  9.2a
90.6  11.4a
83.9  14.5a

58.3  22.3a
62.1  15.2a
54.8  23.8a

Within a group, means without common superscript letters (a and b) differ (P < 0.05). Recovered oocytes included both MII and MI stages.
%Fertilized = (ova exhibiting two pronuclei/MII oocytes)  100. %Blastocysts = (blastocysts/fertilized oocytes)  100. Five to seven freshly
collected MII oocytes from each responding monkey were used in IVF.
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consecutive cycles if the same ovarian stimulation
protocol was used in each cycle.
In the present study, the response to repeated ovarian
stimulations with a low dose rhFSH spaced two MCs
apart in rhesus monkeys was assessed in terms of oocyte
recovery and developmental potential. However, there
were inconsistencies in monkeys first treated with the
high dose rhFSH and then in subsequent cycles with a
reduced dose of rhFSH. For instance, the number of
animals responding in the second and third cycles was
reduced compared to the first cycle, as were the number
of oocytes recovered; however the rate of fertilization of
recovered oocytes and the rate of blastocyst formation
was not reduced. This could have been the result of the
initial high dose of rhFSH inducing a desensitization of
the ovary to the subsequent lower doses. The poor
responses to repeated stimulation also might have been
due to repeated hCG administration. This issue should
be addressed with serial endocrine investigations in
future studies.
Ovarian recovery and status at the beginning of each
cycle play pivotal roles in the success of ovarian
stimulation. Although hCG has a longer half-life in vivo
than rhFSH [38], it does not prolong the duration of the
MC [2]. In the present study, the MC was 18–23 days.
Corpus luteum formation or luteinized follicles were
induced after ovarian stimulation and remained present
at the onset of new menses. Secretions from luteinized
tissue could impair the potential for oocyte development
[39]; this may account for repeated treatments resulting
in reduced responses when they were spaced less than
two MCs apart. In the present study, the animals were
stimulated three times in the same breeding season. By
the third MC after ovarian stimulation, hormone
concentrations, ovarian integrity, and activity were
fully recovered, resulting in an improved response to
repeated ovarian stimulation. Furthermore, the repetitive treatments did not affect subsequent reproductive
ability [29].
In conclusion, repeated ovarian stimulations with a
low dose of rhFSH spaced at least two MCs apart could
be a successful strategy for addressing the high cost and
limited availability of rhesus monkeys for research in
reproductive biology.
Acknowledgements
This study was supported by the Chinese Academy
of Sciences, KSCX2-YW-R-47, KSCX2-YW-R-089
and Joint Scholar Plan for the Development of Western
China; Major State Basic Development Program,
2006CB701505 and 20060102A1070. The authors also

113

thank the German Max-Planck Society for its financial
support of the bilateral researchers exchange program.
References
[1] Wolf DP. Assisted reproductive technologies in rhesus macaques. Reprod Biol Endocrinol 2004;2:37.
[2] Bavister BD. ARTs in action in nonhuman primates: symposium
summary—advances and remaining issues. Reprod Biol Endocrinol 2004;2:43.
[3] Ng SC, Martelli P, Liow SL, Herbert S, Oh SH. Intracytoplasmic
injection of frozen-thawed epididymal spermatozoa in a nonhuman primate model, the cynomolgus monkey (Macaca fascicularis). Theriogenology 2002;58:1385–97.
[4] Meng L, Ely JJ, Stouffer RL, Wolf DP. Rhesus monkeys
produced by nuclear transfer. Biol Reprod 1997;57:454–9.
[5] Zhou Q, Yang SH, Ding CH, He XC, Xie YH, Hildebrandt TB,
et al. A comparative approach to somatic cell nuclear transfer in
the rhesus monkey. Hum Reprod 2006;21:2564–71.
[6] Ng SC, Chen N, Yip WY, Liow SL, Tong GQ, Martelli B, et al.
The first cell cycle after transfer of somatic cell nuclei in a nonhuman primate. Development 2004;131:2475–84.
[7] Bavister BD, Boatman DE, Leibfried L, Loose M, Vernon MW.
Fertilization and cleavage of rhesus monkey oocytes in vitro.
Biol Reprod 1983;28:983–99.
[8] Bavister BD, Boatman DE, Collins K, Dierschke DJ, Eisele SG.
Birth of rhesus monkey infant after in vitro fertilization and
nonsurgical embryo transfer. Proc Natl Acad Sci USA 1984;81:
2218–22.
[9] Bavister BD, Dees C, Schultz RD. Refractoriness of rhesus
monkeys to repeated ovarian stimulation by exogenous gonadotropins is caused by nonprecipitating antibodies. Am J Reprod
Immunol Microbiol 1986;11:11–6.
[10] Morgan PM, Boatman DE, Bavister BD. Relationships between
follicular fluid steroid hormone concentrations, oocyte maturity,
in vitro fertilization and embryonic development in the rhesus
monkey. Mol Reprod Dev 1990;27:145–51.
[11] Johnson LD, Mattson BA, Albertini DF, Sehgal PK, Becker RA,
Avis J, et al. Quality of oocytes from superovulated rhesus
monkeys. Hum Reprod 1991;6:623–31.
[12] Schramm RD, Bavister BD. Use of purified porcine folliclestimulating hormone for ovarian stimulation of macaque monkeys. Theriogenology 1996;45:727–32.
[13] Wolf DP, Vandevoort CA, Meyer-Haas GR, Zelinski-Wooten
MB, Hess DL, Baughman WL, et al. In vitro fertilization and
embryo transfer in the rhesus monkey. Biol Reprod 1989;41:
335–46.
[14] Vandevoort CA, Baughman WL, Stouffer RL. Comparison of
different regimens of human gonadotropins for superovulation of
rhesus monkeys: ovulatory response and subsequent luteal function. J In Vitro Fert Embryo Transf 1989;6:85–91.
[15] Lanzendorf SE, Zelinski-Wooten MB, Stouffer RL, Wolf DP.
Maturity at collection and the developmental potential of rhesus
monkey oocytes. Biol Reprod 1990;42:703–11.
[16] Abbasi R, Kenigsberg D, Danforth D, Falk RJ, Hodgen GD.
Cumulative ovulation rate in human menopausal/human chorionic gonadotropin-treated monkeys: ‘‘step-up’’ versus ‘‘stepdown’’ dose regimens. Fertil Steril 1987;47:1019–24.
[17] Weston AM, Z-WM, Hutchison JS, Stouffer RL, Wolf DP.
Developmental potential of embryos produced by in
vitro fertilization from gonadotrophin-releasing hormone

114

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

S. Yang et al. / Theriogenology 70 (2008) 108–114
antagonist-treated macaques stimulated with recombinant
human follicle stimulating hormone alone or in combination
with luteinizing hormone. Hum Reprod 1996;11:608–13.
Zelinski-Wooten MBHJ, Hess DL, Wolf DP, Stouffer RL. Follicle stimulating hormone alone supports follicle growth and
oocyte development in gonadotrophin-releasing hormone
antagonist-treated monkeys. Hum Reprod 1995;10:1658–66.
Schramm RD, Paprocki AM, Bavister BD. Features associated
with reproductive ageing in female rhesus monkeys. Hum
Reprod 2002;17:1597–603.
Yang S, He X, Hildebrandt TB, Jewgenow K, Goeritz F, Tang X,
et al. Effects of rhFSH dose on ovarian follicular response,
oocyte recovery and embryo development in rhesus monkeys.
Theriogenology 2007;67:1194–201.
Yang S, He X, Hildebrandt TB, Zhou Q, Ji W. Superovulatory
response to a low dose single-daily treatment of rhFSH dissolved
in polyvinylpyrrolidone in rhesus monkeys. Am J Primatol
2007;69:1278–84.
Zelinski-Wooten MB, Hutchison JS, Hess DL, Wolf DP, Stouffer RL. Follicle stimulating hormone alone supports follicle
growth and oocyte development in gonadotrophin-releasing
hormone antagonist-treated monkeys. Hum Reprod 1995;10:
1658–66.
Bavister BD, Leibfried L, Loose M, Vernon MW. Fertilization
and cleavage of rhesus monkey oocytes in vitro. Biol Reprod
1983;28:983–99.
McKiernan SH, Bavister BD. Culture of one-cell hamster
embryos with water soluble vitamins: pantothenate stimulates
blastocyst production. Hum Reprod 2000;15:157–64.
Doldi N, Persico P, De Santis L, Rabellotti E, Papaleo E, Ferrari
A. Consecutive cycles in in vitro fertilization–embryo transfer.
Gynecol Endocrinol 2005;20:132–6.
Schramm RD, Bavister BD. Follicle-stimulating hormone priming of rhesus monkeys enhances meiotic and developmental
competence of oocytes matured in vitro. Biol Reprod 1994;51:
904–12.
Wolf DPVC, Meyer-Haas GR, Zelinski-Wooten MB, Hess DL,
Baughman WL, Stouffer RL. In vitro fertilization and embryo
transfer in the rhesus monkey. Biol Reprod 1989;41:335–46.

[28] Wolf DP, Thomson JA, Zelinsk-Wooten MB, Stouffer RL. In
vitro fertilization–embryo transfer in nonhuman primates: the
technique and its application. Mol Reprod Dev 1990;27:261–80.
[29] VandeVoort CA, Tarantal AF. Recombinant human gonadotropins for macaque superovulation: repeated stimulations and
post-treatment pregnancies. J Med Primat 2001;30:304–7.
[30] Chao HT, Lee SY, Lee HM, Liao TL, Wei YH, Kao SH. Repeated
ovarian stimulations induce oxidative damage and mitochondrial
DNA mutations in mouse ovaries. Ann N Y Acad Sci
2005;1042:148–56.
[31] Combelles CM, Albertini DF. Assessment of oocyte quality
following repeated gonadotropin stimulation in the mouse. Biol
Reprod 2003;68:812–21.
[32] Ahmed Ebbiary NA, Morgan C, Martin K, Afnan M, Newton JR.
Ovarian response in consecutive cycles of ovarian stimulation in
normally ovulating women. Hum Reprod 1995;10:536–43.
[33] Serna J, Garcia-Velasco JA. Effect of repeated assisted reproduction techniques on the ovarian response. Curr Opin Obstet
Gynecol 2005;17:233–6.
[34] Kelly SM, Buckett WM, Tan SL. Effect of repeated assisted
reproductive technology on ovarian response. Curr Opin Obstet
Gynecol 2003;15:219–24.
[35] Caligara C, Navarro J, Vargas G, Simon C, Pellicer A, Remohi J.
The effect of repeated controlled ovarian stimulation in donors.
Hum Reprod 2001;16:2320–3.
[36] Magarey GM, Rodger JC, Buist JM, Mate KE. Effects of
repeated superovulation and surgical oocyte collection on ovarian response and natural breeding ability of the tammar wallaby
(Macropus eugenii). Reproduction 2003;125:701–7.
[37] Mapletoft RJ, Steward KB, Adams GP. Recent advances in the
superovulation in cattle. Reprod Nutr Dev 2002;42:601–11.
[38] Zelinski-Wooten MB, Hutchison JS, Hess DL, Wolf DP, Stouffer
RL. A bolus of recombinant human follicle stimulating hormone at
midcycle induces periovulatory events following multiple follicular development in macaques. Hum Reprod 1998;13:554–60.
[39] Berlinguer F, Gonzalez-Bulnes A, Succu S, Leoni G, Mossa F,
Bebbere D, et al. Effects of progestagens on follicular growth
and oocyte developmental competence in FSH-treated ewes.
Dom Anim Endocrinol 2007;32:303–14.

