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= Abstract =Follicular fluids and their matched oocytes were obtained from 16 follicles of 7
women who conceived after in vitro fertilization(IVF), and 49 follicles of 17 women who failed
to conceive after the procedure. Follicular development was induced with a combination of
follicle-stimulating hormone and human menopausal gonadotropin.

There was no significant difference in follicular cyclic AMP concentrations between preovula-
tory and immature oocytes. However, follicles of preovulatory oocytes obtained from women
who conceived after [VF contained lower cyclic AMP concentrations than those from women
who failed to conceive after the procedure. Follicles of cleaved oocytes from pregnant women
contained lower cyclic AMP concentrations than those of cleaved oocytes from nonpregnant

women or all uncleaved oocytes.

These results suggest that lower cyclic AMP concentrations in follicular fluids are associated

with successful pregnancies in IVF cycles.
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INTRODUCTION

The concept of oocyte maturation is important in
human in vitro fertilization(IVF) because oocytes
are aspirated from follicles at an unknown and vari-
able time before ovulation would normally occur.
The exposure of oocytes to spermatozoa before the
completion of maturation may result in fertilization
failure, retarded and abnormal embryo growth and
reduced embryo viability.

The luteinizing hormone(LH) surge is responsible
for resumption of meiosis in the oocyte, a critical
step in oocyte maturation. However, the mechan-
ism by which LH induces the resumption of
meiosis is not well known. While it is well accepted
that cyclic AMP mediates LH action in the ovary
(Marsh 1976), its role in the regulation of oocyte
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maturation is not clear. Both inhibitory and stimula-
tory effects of this nucleotide on the oocyte matura-
tion were reported (Dekel and Beers 1978; Tsafriri
et al. 1972).

Therefore, this study was undertaken to evaluate
the cyclic AMP level in follicular fluid in relation to
outcomes of IVF cycles.

MATERIALS AND METHODS

1. Subjects

Sixty-five follicles with their attendant oocytes
were aspirated from 24 women who underwent an
IVF procedure at Seou! National University Hospit-
al. Sixteen samples of follicular fluid were obtained
from 7 women who conceived after IVF, and 49
samples from 17 women who failed to conceive
after the procedure (Table 1).

2. Ovarian stimulation

Follicular development was induced with a com-
bination of follicle stimulating hormone (FSH) and
human menopausal gonadotropin (hMG), as de-
scribed by Muasher et al. (1985). The only mod-



Table 1. Maturity and cleavage rate of aspirated

oocytes
0 uri Total  No.
Pregnancy outcome Qocyte maturity No. cleaved
Pregnant women Preovulatory 13 11(85)
(n=7) Immature 3 1(33)
Total 16 12(75)
Nonpregnant women Preovulatory 43  34(79)
(n=17)  Immature 6 3(50)
Total 49  37(75)

Figures in parenthesis are percentages

ification was that hMG was administered at 6:30
PM. Two ampules of FSH (Metrodin, Serono Labor-
atories, Inc.), containing 75 IU of FSH and <1 U
of luteinizing hormone in each ampule, and two
ampules of hMG (Pergonal, Serono Laboratories,
Inc.), containing 75 IU of FSH and 75 U of LH in
each ampule, were administered intramuscularly
on days 3 and 4 of the cycle. Stimulation was con-
tinued with hMG alone from cycle day 5 onward,
usually in the dose of two ampules daily. hMG
administration was continued until serum estradiol
value reached 400 pg/ml or until an estrogn-
mediated shift in the vaginal maturation index and
cervical mucus scores were noted for 3 consecu-
tive days. Human chorionic gonadotropin (hCG),
10,000 U, were administered when the leading
follicle reached a diameter of 16 mm. Laparoscopy
with follicular aspiration was performed 34 to 36
hours after hCG administration. Recovered oocytes
were graded as preovulatory or immature, as de-
scribed by Veeck et al. (1983). The fluid from each

individual follicle was centrifuged at 300 x g for
10 minutes, and the cell-free sample was frozen
for further analysis.

3. In vitro fertilization procedure

Insemination was performed with sperm concen-
trations of 5 X 10°ml after 6-8 hours of prein-
cubation for preovulatory oocytes or 26-34 hours
for immature oocytes in Ham’s F-10 medium sup-
plemented with 7.5% human fetal cord serum.
Ham’s F-10 medium spplemented with 15% fetal
cord serum was used for embryo culture. Oocytes
were examined daily to identify cleavage. At 2 or 3
days after insemination, embryos were transferred
to the uterus.

4. Radioimmunoassay

All follicular fluids were measured for cyclic AMP
concentrations by radioimmunoassay using a com-
mercial kit (immuno Nuclear Corp.), and the proc-
edure suggested by the manufacturer. Intra-and
interassay coefficients of variation was 7.4% and
11.9%, respectively. Serum estradiol concentration
was measured by radioimmunoassay using a estra-
diol-ter kit (Serono Laboraties). Intra-and interas-
say coefficient of variation was 5.2% and 7.5%,
respectively.

5. Statistical analysis
Statistical analysis was carried out between
groups using Student’s t-test.

RESULTS

Cyclic AMP concentrations in follicular fluids
were significantly lower in women who conceived
after IVF than those who failed to conceive after the
procedure (16.0 + 3.0 pmol/ml vs 37.8 + 4.1
pmol/ml, p < 0.005, Table 2).

Overall, follicles of immature and preovulatory

Table 2. Relationship among cyclic AMP levels (Mean+SEM) in follicu-
lar fluid, pregnancy outcome, and the maturity of oocytes

Pregnancy outcome

Oocyte Maturity

Cyclic AMP (pmol/l)

Pregnant Preovulatory (n=13) 155+ 2.8*
Immature  (n= 3) 18.0£119
Total (h=16) 16.1+ 3.0**

Nonpregnant Preovulatory (n=43) 368+ 4.6
Immature  (n= 6) 45.0+ 7.3
Total (n=49) 378+ 4.1**

Figures in parenthesis are numbers of oocytes
“*P < 0.005 t=2.09

P < 0.01 t=250,
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Fig. 1. Cyclic AMP levels (Mean + SEM) in follicu-
lar fluid according to the oocyte maturity.

oocytes did not differ in cyclic AMP concentration
(31.9 + 3.8 pmol/ml vs 36.0 + 7.4 pmol/ml, p >
0.1, Fig. 1). However, follicles of preovulatory
oocytes obtained from pregnant women contained
lower cyclic AMP concentrations than those from
nonpregnant women (15.5 + 2.8 pmol/ml vs 36.8
+ 4.6 pmol/ml, p < 0.01, Table 2).

There was no significant difference in follicular

cyclic AMP levels between cleaved and uncleaved
oocytes (29.1 + 2.8 pmol/ml vs 36.8 + 4.6 pmol/
ml, 0.05 < p < 0.1, Fig. 2). However, follicles of
cleaved oocytes from pregnant wemen contained
lower cyclic AMP concentrations than those of
cleaved oocytes from nonpregnant women or all
uncleaved oocytes (14.2 + 3.9 pmol/mi vs 33.9 +
3.4 pmol/l p < 0.005 14.2 + 3.9 pmol/ml vs 42.8
+ 10.5 pmol/ml, p < 0.05, Table 3).

DISCUSSION

The LH surge is responsible for resumption of
meiosis in the oocyte (Thibault 1977; Moor 1977),
a critical step in oocyte maturation. However, the
mechanism by which LH induces the resumption
of meiosis is not well understood. Although it is well
accepted that cyclic AMP mediates LH action in
the ovary (Tsafriri et al. 1972; Hillensjo 1976;
Marsh 1976), the exact role of cyclic AMP in the
regulation of oocyte maturation remains controver-
sial, and contlicting results have been reported.

Many investigators suggested that cyclic AMP
may be involved in the intrafollicular inhibition of
oocyte maturation (Cho et al. 1974; Wasserman et
al 1976; Magnusson and Hillensjs, 1977; Dekel
and Beers 1978; Dekel and Beers, 1980). In con-
trast to the inhibitory effects, there are also ex-
perimental evidences suggesting that cyclic AMP
and its derivatives may actually have stimulatory
effects on meiosis under certain conditions (Tsafriri
et al 1972; Hillensjo et al 1978). Preovulatory folli-
cles respond to gonadotropin administration with
increased cyclic AMP formation (Marsh et al. 1973;
Nilsson et al. 1974). And the increase in follicular
cyclic AMP concentrations after hCG administration
was followed by rapid decline of elevated levels,
namely, the desensitization. Recently, some investi-
gators (Ekholm et al. 1984; Yoshimura and Wallach

Table 3. Relationship among pregnancy outcome, cyclic AMP levels
(Mean +SEM) in follicular fluid, and the cleavage of oocytes

Pregnancy outcome Cleavage Cyclic AMP (pmoi/l)
Pregnant Cleaved (n=12) 1424+ 3.9***
Uncleaved (n= 4) 213+ 7.6
Nonpregnant Cleaved (n=37) 33.9+ 3.4*
Uncleaved (n=12) 49.9+13.3
Total Uncleaved (n=16) 42.8+10.5%*

Figures in parenthesis are numbers of oocytes

*P < 0005 t=3.22

“*P < 0.05 t=2.36
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Fig. 2. Cyclic AMP levels (Mean +SEM) in follicular fluid
according to the cleavage of oocyte.

1987) suggested that a transient increase in follicu-
lar cyclic AMP, such as the LH-induced cyclic
AMP surge, trigger maturation, but continuous
elevation of cyclic AMP levels exert an inhibitory
effect on oocyte maturation.

In our study, oocytes from pregnant women after
IVF were derived from follicles which contained
lower cyclic AMP concentrations than those from
nonpregnant women. This finding, which is consis-
tent with a report by Tarlatzis et al. (1984), sug-
gests that lower follicular cyclic AMP levels are
associated with more optimal development of folli-
cies and oocytes. Lower follicular cyclic AMP levels
may indicate indicate that desensitization has
occurred before aspiration, and that follicles and
oocytes were optimally stimulated.

In this study we examined the relationship be-

tween the follicular cyclic AMP levels and the
oocyte maturity according to oocyte-cumulus-coro-
na complex appearance. We observed no differ-
ence in follicular cyclic AMP levels between
preovulatory and immature oocytes. This finding is
not likely to contradict the suggestion that lower
cyclic AMP levels in follicular fluids are associated
with more mature oocytes. No difference observed
in follicular cyclic AMP levels between preovulatory
and immature oocytes may be explained by the
inaccuracy of morphologic criteria in the assess-
ment of cocyte maturation At aspiration the oocyte
IS surrounded by an investment of cells, the corona
and the cumulus oophorus, which make direct
visualization of the oocyte difficult; it is frequently
impossible to tell whether the first polar body has
actually been extruded. And, although the appear-
ance of those investing cells is related to oocyte
maturity, the evaluation s subjective and varies
according to the experience of the observer. And
asynchrony between individual cumulus-corona
cell complex and oocyte maturation may occur in
hyperstimulated cycles, as reported by Laufer et al.
(1984). In addition to nuclear maturation, oocyte
maturation also involves cytoplasmic changes re-
sulting in a defense against polyspermy, estab-
lished by the migration of granules from the cyto-
plasm to the cortex of the ooplasm. Cytoplasmic
maturation is essential for normal fertilization and
early embryonic development.

Our observation that preovulatory or cleaved
oocytes from pregnant women were derived from
follicles containing lower cyclic AMP levels further
suggests that lower cyclic AMP levels in follicular
fluids may be required to develop more optimal
oocytes leading to a conception.

In conclusion, lower levels of cyclic AMP in fol-
licular fluids are associated with successful pre-
gnancies in in vitro fertilization cycles.

REFERENCES

Cho WK, Stern S, Biggers JD. Inhibitory effect of
dibutyryl cAMP on mouse oocyte maturation in vitro. J.
Exp. Zool. 1974, 187:383-388

Dekel N, Beers WH. Rat oocyte maturation in vitro:
relief of cyclic AMP inhibition with gonadotropins. Proc.
Natl. Acad. Sci. USA. 1978, 75:4369-4373

Deke! N, Beers WH. Development of the rat oocytes in
vitro : Inhibition and induction of maturation in the pre-
sence or absence of the cumulus oophorus. Dev. Biol.
1980, 75:247-254



Ekholm C, Hillensjo T, Magnusson C, Roseberg S.
Stimulation and inhibition of rat oocyte meiosis by fors-
kolin. Biol. Reprod. 1984, 30:537-543

Hillensjo T. Oocyte maturation and glycolysis in isolated
preovulatory follicles of PMS-injected immature rats.
Acta. Endocrinol. 1976, 82:809-830

Hillensjo T. Ekholm C, Ahren K. Role of cyclic AMP in
oocyte maturation and glycolysis in the preovulatory
rate follicle. Acta. Endocrinol. 1978, 87:377-388

Laufer N, Tarlatzis BC, DeCherney AH, Masters JT,
Haseltine FP, Machusky N, Naftolin F. Asynchrony
between human cumulus-corona-cell complex and
oocyte maturation after human menopausal gonadotro-
pin treatment for in vitro fertilization. Fertil. Steril. 1984,
42:366-372

Magnusson C, Hillensjo T. Inhibition of maturation and
matabolism in rat oocytes by cyclic AMP. J. Exp. Zool.
1977, 201:139-147

Marsh JM. The role of cyclic AMP in gonadal ster-
oidogenesis. Biol. Reprod. 1976, 14:30-53

Marsh JM, Mills TM, LeMaire WJ. Preovulatory
changes in the synthesis of cyclic AMP by rabbit Graa-
fian follicles. Biochim. Biophys. Acta. 1973,
304:197-203

Moor RM, Trounson AO. Hormonal and follicular factors
affecting maturation of sheep oocytes in vitro and their
subsequent developmental capacity. J. Reprod. Fertil.
1977, 49:101-109

Muasher SJ, Garcia JE, Rosenwaks Z. The combina-
tion of follicle-stimulating hormone and human meno-
pausal gonadotropin for the induction of multiple fol-

licular matruation for in vitro fertilization. Fertil. Steril.
1985, 44.62-69

Nilsson L, Rosberg S, Ahren K. Characteristics of the
cyclic 3'5'-AMP formation in isolated ovarian follicles
from PMSG-treated immature rats after stimulation in
vitro with gonadotrophins and prostaglandins. Acta. En-
docrinol. 1974, 77:559-574

Tarlatzis BC, Laufer N, DeCherney AH, Polan ML,
Haseltine FP, Behrman HR. Adenosine 3'5-mono-
phosphate levels in human follicular fluid: Relationship
to oocyte maturation and achievement of pregnancy
after in vitro fertilization. J. Clin. Endocrinol. Metab.
1984, 60:1111-1115

Thibault C. Are follicular maturation and oocyte matura-
tion independent processes? J. Repord. Fertil. 1977,
51:1-15

Tsafriri A, Lindner HR, Zor U, Lamprecht SA. /n vitro
induction of meiotic division in follicle-enclosed rat
oocytes by LH, cyclic AMP and prostaglandin E,. J.
Repord. Fertil. 1972, 31:39-50

Veeck L, Wortham JWE Jr, Witmyer J, Sandow BA,
Acosta AA, Garcia JE, Jones GS, Jone HW Jr.
Maturation and fertilization of morphologically immature
human oocytes in a program of in vitro fertilization.
Fertil. Steril. 1983, 39:594-602

Wasserman PM, Josefowicz WJ, Letourneau GE.
Meiotic maturation of mouse oocytes /n vitro : Inhibition
of maturation at specific stages of nuclear progression.
J. Cell Sci. 1976, 22:531-535

Yoshimura Y, Wallach EE. Studies of the mechanism(s)
of mammalian ovulation. Fertil. Steril. 1987, 47:22-34



HelrdT7|0] UM ML cyclic AMPZ|Of 25t AT

Ageleta o) skl o Abel oot

AT Hedul - EAE oA G - AR

§ ) wobel <ol 4 E 2 aae] Slof 1 ATEL Fol) NN Ao 4%
A Aol ol - FTasieh sdA 24 b2 A5Ee Jupy o L&"P wb7e] el wf
e 2o o e HelA S 4 ssh4ol Aelslol ek

Lh=}e] Ao LH surgee]] 2]ste] fatkslod cyclic AMP7} LHE] 2x}24 ¢l messengerg}-= %
o] 4 cyclic AMP 7} yhzbdd <of] atod sle] el 7h54de) A 7lse) gheh. 28wt cyclic AMP2o}
LFZVQ%EV"I AAlel Helo] sl 7hx) 2] o] M mFo] dx|s[ef x| Ealrh oldl {2
A AT 24 (A ALF7] 78 Y wd A7) 17 el lo] A Felxl Wb Zed 652 2] cyclic
AMPz)% 235}el, WEo cyclic AMPA 9} whale] 451, waked i, wiobe] xE ol 4
WAool ekl ZAbahc,
1Al5l F71o] lef A wkE ey cyclic AMPz] (16.1 + 3.0 pmol/l: mean +

[N L G —

’_'-{ol

SEM)= ¢l 4lo]
O‘_Hﬂ F71 (378 £ 4.1 pmol/l)B.c} -F2|sHA] F& gk% Boch (P < 0.005).
S o] W sl R olak A sl wha) 5319 4+ 38 pmo 1/1)g} ] 4 %ub =2} (36.0 +
7.4 pmol/l) Afolel] vlF N cyclic AMPz| = §2|8t zfo| 7} gladel (P > 0.1).
AR el glod kel ool whal2] 2 (142 + 4.0 pmol/l) whao] ol vhal 5i7vh
(42.8 + 10.5 pmol/l) £ psro] olojuk o) ol 4lo] okl 749 (339 + 3.4 pmol/l)® c} v}
Zol cyclic AMP2] 7} folshAl 42 ¢HS wodel (P < 0.05).
o] 4h0 & u| o ¥ ol oM cyclic AMPA] = 454 el o4l 0 o] 1= F A wbx| Abe) o} of
T

ek AL Al4ahe] Foh,



