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Studies on Serum Estradiol (E2), Androstenedione (ADD) and
Testosterone (T) Levels in the Hyperstimulated Ovulatory Cycles

Jong Hwa Kim, M.D. and Jin Yong Lee, M.D.

Department of Obstetrics and Gynecology, College of Medicine, Seoul National University, Seoul, Korea

It is now common practice to attempt ovarian hyperstimulation in vitro fertilization and embryo transfer (IVF-ET)
to promote the development of multiple preovulatory follicles and to maximize the number of mature egg available.
There are several drugs for hyperstimulation such as clomiphene citrate only, clomiphene citrate and human menopausal
gonadotropin (HMG) and HMG only. Accumlated experience has shown that the hyperstimulation of the ovary in IVF-ET
results in high pregnancy rate. But the hyperstimulation of the ovary in IVF-ET may cause the hyperandrogenism,
so we must consider the adverse effect on pregnancy rate of the hyperandrogenism. Little is known about the func-
tional significance of androgen for the follicular growth, however, the hyperandrogenism might interfere with cocyte

maturation.

The aim of the present investigation was to determine the serum profiles of estradiol, androstenedione and testosterone

during the hyperstimulated menstrual cycles in IVF.

The results were summarized as follows:

1. There was a gradual increase in the mean levels of serum estradiol, androstenedione, and testosterone approaching

follicular maturation.

2. The mean serum estradiol levels in the hyperstimulated groups were significantly higher than that in the control
group in late follicular phase and ovum retrieval (ovulation) day (p<0.01).

3. The mean serum androstenedione levels in the clomiphene citrate groups were significantly higher than that in
the control group in late follicular phase (p<0.01). There was no statistically significant different in the mean serum
androstenedione levels between the control group and the HMG group (p>0.05).

4. There was no statistically significant difference in the mean levels of testosterone among each group (p>0.05).

5. There was no statistically significant different in the mean levels of estradiol, androstenedione and testosterone
between the fertilized patients and non-fertilized patients in clomiphene citrate and HMG group (p>0.05).
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HMG 75IU(FSH 751U: LH 751U) & 7-ekstd & A 330 Aol U7 A 5Ne 47 A9l
Abstgch. 22z JES B2 E 3db-$-=Hhigh estro- 7}+R] clomiphene citrate 100mg& = B2 4%
gen responder) Q) Aol ATAA o|F 45 o 97 AULH Y ¥8F EFEE 2451
o gAgle] €% E5ErF 900pg/mlo|4te] =7 Zgspta g AxEle 2SolupdAg A T
HMG %o & 3932 HMG o} 5% 5044 & 2017t 18mmol4 sl90A% MY 288 93 E
of HCG 10,0001U & F3}4iv}. 57} plateaud o] 59§ ) HCG 10,0001U &
Al 2F9] ZAolle U7 ASdre €7 A9d =53k o}
Table 1. Mean estradiol levels(Mean+ SEM, pg/ml) during the menstrual phases in each group
E.F.P. L.F.P. Ovum retrieval E.L.P.
Group I ({n=11)(HMG/HCG) 47.801+6.04 653.68+56.17 538.78+87.39% 94.29414.76
Group 0 (n=11)(Clomid/HMG/HCG) 65.00+15.00 701.40+61.91"* 561.10+ 141.86* 89.20+29.61
Group M{n=28)(Clomid/HCG) 40.714+5.65 721.82:+457.91* 632.50+252.78% 77.75%23.07
Group IV{n=12)(control) 53.861+8.38 194.61+17.57 76.45+9.64* 81.50+16.82

E.F.P.=early follicular phase, L.F.P.=late follicular phase, E.L.P.=early luteal phase
*Ovulation day, *The mean serum estradiol levels in group 1, I, TI were significantly higher than
that in the control group(P < 0.001).
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Fig. 1. Mean serum E, levels in each group.
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Table 2. Comparison between mean serum estradiol level(Mean+ SEM, pg/ml) in the fertilized patients
and that in the nonfertilized patients during the menstrual phase in CC/hMG/hCG group.

E.F.P. LF.P. Ovum retrieval E.L.P.
Fertilized (n=5) 68.21+26.17 759.324+101.07  739.13+275.23 101.03+51.09
Nonfertilized (n=6} 51.01+ 9.42 667.361+ 78.14 ‘383.24-_{_‘96. 32 71.25+26.03
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Fig. 2. Mean serum E; levels in Group II.
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Table 3. Mean serum androstenedione levels(Mean=+ SEM, ng/ml) druing the menstrual phases in each
group

E.F.P. L.F.P. Ovum retrieval E.L.P.
Group I (n=11)(HMG/HCG) 1.20+£0.13 1.794+0.09 2.40+0.39 1.48+0.36
Group I({n=11)(Clomid/HMG/HCG) 1.64+0.12 2.38+0.11" 2.561+0.22 1.88+0.09
Group HMI(n=8)(Clomid/HCG) 1.66+0.07 2.21+0.10* 2.71+0.49 2.21+0.62
Group IV(n=12)(Control) 1.20£0.16 1.65+0.11 2.06+0.1% 1.67+0.15

*QOvulation day, *The mean serum androstenedione levels in group X, I were significantly higher than
that in the control group(P < 0.01).

Table 4. Comparison between mean serum androstenedione level(Mean=+ SEM, ng/ml) the fertilized in pa-
tients and that in the nonfertilized patients during the menstrual phase in CC/hMG/hCG group
E.F.P. L.F.P. Ovum retrieval E.L.P.

Fertilized(n=5) 1.90+0.26 2.28+0.14 2.93%+0.75 2.06%£0.11
Neonfertilized(n=6) 1.67+0.23 2.501+0.16 2.1940.25 1.70+0.14

3071

Group I 0——90

Group Il 6———%

25

2.0

(ng/mlj

1.5

1.0

Androstenedione

054

: : : . : 4 ; N ' } ' L ; —
t + + + , + + + . + t + + + +

-14-13-12-1-10 -9 -8 -7 -6—5 —4 -3 —2 —1 60 1 2 3 4 5 6
Days+ ovum retrieval{ovulation) (ng/ml)

Fig. 3. Mean serum ADD levels in each Group.
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Table 5. Mean serum testosterone levels(Mean=+ SEM, ng/ml) during the menstrual phases in each group

E.F.P. L.F.P. Ovum retrieval E.L.P.
Group I{HMG/HCG) (n=11) 0.3410.04 0.64+0.05 0.56+0.12 0.421+0.11
Group [I{n=11)(Clomid/HMG/HCG) 0.27+0.07 0.44+0.04 0.78+0.16 0.4010.11
Group II{n=8(Clomid/HCG) 0.361+0.06 0.56+0.05 0.77+0.15 0.45+0.10
Group IV{n=12)(Control) 0.14+0.03 0.55+0.09 0.35+0.06 0.19+0.01

*Ovulation day

3.0 P
O—mmt) Fertilized /

Kmen -4 Nonfertilized
251

201

z

o x

5 \\ /' “, ,x

2 Y / X

T l5f N

§ Vo

5 X

<

&

< 1o}

0.5 F
. Il . N i " Il 1 i 1 " Il i . i i X i 1 il 3
-14 ~13 ~12 ~11 ~10 ~9 ~8 —~7 —6 ~5 -4 -3 -2 -1 0 1 2 3 4 5 6
Days+ ovum retrieval(ovulation)
Fig. 4. Mean serum ADD levels in Groupll.
1.5+ Group I o o)
- Group I OQ---- -~ [n]
E Group Il 8—— —4
x Group IV x—— X
g 1.0
S
g
@
3
i
& 05
e
_ﬁ““u

—-14—-13-12-11-~10 -9 -8 -7 -6 -5 —4 -3 -2 —1 0 1 2 3 4 5
Days+ ovum retrieval{ovulation}

Fig. 5. Mean serum T levels in each Group.
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Table 6. Comparison between mean serum testosterone level(Mean+ SEM, ng/ml}in the fertilized patients
and that in the nonfertilized patients during the menstrual phase in CC/hMG/hCG group

E.F.P. L.EPF Orum retrieval ELP
Fertilized(n=>5) 0.23+0.07 0.41+0.04 0.73£0.08 0.28+0.06
Nonfertilized(n=6) 0.224+0.08 0.47+0.06 0.80+0.28 0.52+0.18
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Fig. 6. Mean serum T levels in Group II.
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droepiandrosterone(DHEA) 0. 2 8 ¢ 315 o] 4 4
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(1976) = G271 A7 A He] G271 F 774 A A
Z7bsle) wiatdel] dojxcha dhgich. £ ol
A LA T =HE dF TeEs G247
X 0.14+0.03ng/ml, W} F 7] %7 = 0.55+0.09ng/
ml, w2kl 2 0.3540.06ng/ml, 344 71 A )= 0.19
+0.0lng/ml 2 Jebgta, szl 24 0.81+
0.37ng/ml 2 3 24Z Jehfgdch. 85 TExe
wsl%E ADD¥ 59| wisle}l zro] £l 4 wiet
A7tz AR =730 A7 Aol s L3 &
Alg Bgov, AR §Fo3t Ao]E uAE
F7F et

FAEAFIE 7HA J4elAl HMGE  zw gt

A

FEAZE A4 25 ADDFES] Hstel g 2
IE= H2 ggdek. Fuisiziel 4 HMGE wia
453 A Wus &% ADD 359 Z71= 919
vt Bugk g} 9ok, E od TFoll4 HMGE  3)uj
s f569S A #5 ADDEESY HIHE R

d G274 7)6 s 1.20+0.13ng/ml, GE7]F 7|

ol 1.70+0.09ng/ml, W=}3ql el 2.40+ 0.39
ng/ml, 3}x) 7] & 7)ol 1.484+0.36ng/ml2 J X7
FA9 dxE Aol A GEA A7) 2} FhA A A Al



¥l dle] Frtslo] 9l
A 2F el vlme]
ol 4 o 2ol ulsle] -
Ao, FAHo R 5
2 wWu?| Asbel dx|shgdct. 2L Fol4 #E
Fx2 W3lE ¥d, Schmertz 5(1975)0] X 33}
ulell 2)3ld HMG 2 3jufg}8-5 4]
FE9 F7b vk a kgl 2 od7ol 4 HMG
B e fEE bl S A dF Ty Wis
Be, Wzl 0.3440. 04ng/ml A
7lell & 0.64:£0.95ng/ml, Yol qlaledli=  0.56+
0.12ng/ml, 544 7] " 7)ol = 0,42+ ().llng/mli v
ebgbe . A Toll 4 Ao 27wt #E
TFLh S7bslo] e 248 2 4 A9 54
Hoz folgt Aolt ¥ + glgich. webd o] A
4+ Schmertz 52| A zl2} AHbsle} s} o).
AAYAF7E 7}2 4ol A clomiphene citra-
te 2 R EE A 7S 4% 25 ADD Fx9
wilell i3t BIE WE g9}, domiphene ci-
trate & W 2-F 55 471 A9 Dupon £ (1973) 5}
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T+ ARL, G2/ FAE YAHZETH} HMGR
ol ghf- g A LAl wisle, EAlAo® 93l
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#2} A )8 AL B clomiphene citrate 7} andros-
tenedione 8] Hu| & Zsi4 7k s ok, 2
L FollH 5 TExo #HztE v yajels &
23 A%l gt e HE2 glgdvt. WEkgEA
Dupen—b—(1973) Wu(1977), Dawood ¢} saxena
(978) = 6% TH5ob webel 2Hd 4 Sohge
i_x_o]-oa t}. & of 7ol 4 clomiphene citrate &
St slol g S % Texe] wsts w
o, W2 A7) = 0.3640.06ng/ml, }¥ 7355
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2T w8} 1’/}&"— AL 5 oo 28y
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BAA0E ool SoAsel At e o

k=4 ELN
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3kx) Esle Al H R Folgk Ao|st gAl vhe}
o olvha gzbse, Eg ZAY RSN Y
HEod A @5 Tzt FAHo® o3k w
318 Holx] 42 FHOoF njRe] E o, lomxphene
citrate 2b=2ol| 2%t &% Ty 52 w3l =
Adog fojgd A2 Ax & 75 A& AL

2 F2Hc},

ALY A7) 2 7Ezl o Aol Al clomiphene citrate
¢l HMG =2 st 5417 7#A-¢ &% ADD 2=
o TpEo wslol gk Bo =3 92 gl
2 APl A Vel #F ADDF 9] wishes G2
7l A7 el 1.6440.12ng/ml, W E 7] Frldl = 2.39
+0.18ng/ml, w=}&ql el 251+ 0.22ng/ml, 3+
A7 A= 1.88+0.09ng/ml 2 Ve, clomip-
hene citrate 2 3 eb-F-5 A7 F3 ALl {23
ok ebdgleh. o] ASE GEFA Gzt
Fddl4 HMG| 28 el v & vE
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Atk FEAAC G QEAFIE Fohe Yo
4, BAALE RIT AlE ¥+ olslehE Y
E Txxe wWats ve JEsiadsede 0.27%
0.07ng/ml, %7 F7jdl= 0.44+0.04ng/ml, o}
2}Zqldel= 0.78%+0.16ng/ml, 3a] A= 7=
0.40+0.11ng/ml 2 vielytel. G2 A, G2 E
A, FA A4 HEzE v FrbHe gl
got, GEr)FdE o5y e AL & F
dgiek. 2t 2 B A A o= {07 Ao
2 5 gdd. E o] AL FALH HTHTE
Bl .11..8]'0% 2oronvt ¥4 Ex, 85 ADDFE,

% Twix i“ FAALE {28 ol F B
%i“\?} o] A& Hammond % (1983)¢] 213} &%
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A3t dzjskgicd. 28 vt o] A 3= Dupon 5(1973)
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Ak,

AR F7 e #F Epxe wsE 2 H
MG, clomiphene citrate, clomiphene citrate &} H-
MG 2 st g A2 3¢ GE7) 5700 dAkE
ol A o 2ol wish EAl YR fosHA ¥
Ae 4 F e 2o A1, Al2zE, A3
T Apelole AR R {3t Aol wWAY
g, debd HMG 2 3wl gh-§ %35} 4 o clomip-
hene citrate & el 3LAY 8 E E, 5Tl =
2 zlel7t 9188 2 4 99l = clomiphene ci-
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T3t u|FAFE Afole EF E, 5o WEE
Dlugi 5(1984) & 2747402 G=x}5e)ss] 194
ol dAlsl Fol| vl ¥l &% E, 557t
FAA o2 ou Al Fobx dhgiel. 12}, Dor
5(1986) ol o3t el Fol wlge)Eo] w3
wety] TXdl 4 &% E, FE7 gxuk SAlA
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Al 45 Dor %9 Astel dx3kgict. wheld g4l
5 Fol7] ¢35t Jones 5 (1983)0] Hgt A
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F—{JO
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198411 292 e 19854 797 A swy
435 Az ade $Fo] Hol A4S
wlo HMG ¢} HCG 2 spual8- 547 119, clo-
miphene citrate, HMG ¢} HCG & z}w| &}-§- 5 4] 7]
119, clomiphene citrate 9} HCG & 3}ul g}-§-5 4]
7] 8%, AANFTE 1298 djiae g 3lo YA
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