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Abstract. Using high-performance liquid chromatography and a combination of electrochem- 
ical and radiometric flow detection for 2-[ ‘‘C]hydroxyestradiol, changes in estrogen 2-hydroxyl- 
ase activity in the microsomal fraction of rat ovarian homogenates were followed. Injection of 
human chorionic gonadotropin (hCG) at 12-hr intervals to hypophysectomized immature rats 
stimulated hypertrophy of the theca-interstitial tissue and produced a profound increase in 
enzyme activity. With the last injection of hCG at 96 hr the peak serum concentration of hCG 
was reached 12 hr later and then decreased exponentially with a half-time of 13 hr. However, 
enzyme activity remained elevated for at least 60 hr before beginning to fall. Pregnant mare’s 
serum gonadotropin (PMSG) also produced an increase in activity, which was apparently 
limited to the thecal-interstitial tissue because freshly removed granulosa cells from the mature 
follicles had undetectable activity levels. Administration of anti-PMSG antiserum after enzyme 
activity had been increased resulted in a prompt fall in activity, as did injection of hCG to 
mimic an ovulatory surge of LH. The results indicate that the thecal-interstitial tissue of the rat 
ovary has estrogen 2-hydroxylase activity that is dependent upon gonadotropic stimulation for 
eXpreSSiOn. 0 1988 Society for Experimental Biology and Medicine. 

Ovarian follicular fluid contains relatively 
large amounts of hydroxylated metabolites 
of estradiol (E2) and estrone (El) ( 1, 2). In- 
cluded in these compounds are two catechol 
estrogens, 2-hydroxyestradiol and 2-hydrox- 
yestrone, products of a specific cytochrome 
P-450-dependent monooxygenase (3). Al- 
though studied in some detail in only the 
porcine ovary, mature follicles are presumed 
to contain the cytochrome P-450 and to be 
the site of catechol estrogen production (4). 
Furthermore, the activity was found in the 
follicular wall, with the granulosa layer hav- 
ing the most activity (4). In contrast to results 
obtained with porcine ovaries, attempts to 
detect estrogen 2-hydroxylase activity in the 
rat ovary have had little success (5, 6). How- 
ever, in the latter studies no attempt was 
made to correlate enzyme activity with ovar- 
ian morphology or hormonal stimulation. 

Regulation of estrogen 2-hydroxylase in 
the ovary has not been examined, but be- 
cause increased activity can be correlated 
with increased size of follicles (4) it was as- 
sumed that gonadotropins and/or estrogens 
are involved. Also the role of the enzyme in 
the economy of the ovary has not been es- 
tablished but catechol estrogens have been 

implicated as possible autocrine factors for 
control of steroidogenesis (4). In the present 
study the hypophysectomized immature rat 
was used as a model to examine the control 
of the estrogen 2-hydroxylase activity by go- 
nadotropins. The results indicate that the 
thecal-interstitial tissue is the major site of 
enzyme activity and that its specific activity 
can be dramatically increased by exogenous 
gonadotropic stimulation. 

Materials and Methods. Estradiol- 17p 
(E2), Hepes, Tris, ascorbic acid, NADPH, 
and dithiothreitol were purchased from 
Sigma Chemical Co. (St. Louis, MO). Au- 
thentic 2-hydroxyestradiol was obtained 
from Steraloids (Wilton, NH). Methanol and 
sodium acetate (HPLC grade) were obtained 
from Fisher Scientific (St. Louis, MO), and 
glacial acetic acid was purchased from J. T. 
Baker Chemical Co. (Phillipsburg, NJ). The 
[4-14C]E2 (56.4 mCi/mmole) and [6,7-3H]E2 
(45 Ci/mmole) were obtained from Dupont- 
NEN (Wilmington, DE). The latter label was 
purified by HPLC before use. 

Immature (27-28 day) rats of the Holtz- 
man strain were hypophysectomized by the 
parapharyngeal approach, using ether anes- 
thesia. The animals were given a 5% solution 
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of glucose for drinking water after this oper- 
ation. Twenty units of pregnant mare’s 
serum gonadotropin (PMSG; Calbiochem, 
San Diego, CA) was administered as a single 
intraperitoneal (ip) dose the day prior to hy- 
pophysectomy in animals used for harvest- 
ing granulosa cells. In another series, 25 IU 
PMSG was injected the day before hypophy- 
sectomy. Chronic treatment with human 
chorionic gonadotropin (hCG; Serono Labo- 
ratories, Randolph, MA) was begun the day 
following hypophysectomy; the first dose ( 10 
IU) was injected ip, but subsequent doses ( 10 
IU) were injected subcutaneously at 12-hr 
intervals. The concentration of hCG in the 
serum resulting from this treatment was de- 
termined using the Abbott PhCG 15/15 
diagnostic kit (Abbott Laboratories, North 
Chicago, IL). The mean sensitivity of the 
assay is 0.76 mIU/ml, evaluated by deter- 
mining the least detectable dose, defined as 
the 95% confidence limit (2 SD) at 0 mIU/ 
ml. The interassay coefficient of variation 
was 6.4% and the intraassay coefficient 
was 4.1%. 

The animals (groups of 4-6) were decapi- 
tated, after brief ether anesthesia at various 
times after hCG, and the ovaries quickly re- 
moved, cleaned of fat and oviducts, pooled, 
weighed, and stored (-75°C) in a solution of 
5 X lop4 M NADPH and 0.5 M EDTA. In 
the first PMSG-treatment series the animals 
were killed at 72 hr and the large preovula- 
tory follicles in 20 ovaries were punctured 
with a 30-gauge needle. The granulosa cells 
were expressed by gentle pressure applied by 
a watchmakers forceps into Hanks’ balanced 
salt medium without calcium or magnesium 
(GIBCO, Grand Island, NY). The cells were 
centrifuged at lOOOg for 5 min, washed with 
fresh medium, lysed by sonication (Kontes 
cell disrupter, Vineland, NJ), and processed 
in the same manner as the ovaries. In the 
second PMSG-treatment series animals were 
injected (ip) with 0.1 ml of rabbit anti-PMSG 
antiserum, or 0.1 ml of normal rabbit serum, 
48 hr after administration of PMSG; groups 
of five rats were killed 6, 12, or 24 hr later. 
Other animals were injected (ip) with 10 IU 
hCG, or 0.1 ml saline, 72 hr after the admin- 
istration of PMSG and killed at various in- 
tervals thereafter. Whole ovaries (8- 12) were 
homogenized (glass/Teflon) in a solution of 

0.15 A4 KCl containing 0.1 M EDTA and 
centrifuged at 10,OOOg for 15 min. The su- 
pernatant fluid was centrifuged at 105,OOOg 
for 60 min. The pellet was resuspended in the 
homogenizing buffer and again centrifuged 
at 105,OOOg for 60 min. The final pellet was 
resuspended in TEDG buffer (10 mM Tris- 
HC1, 1.5 mM EDTA, 1.5 mM dithiothreitol, 
and 10% glycerol) and aliquot quantities 
were stored at -70°C until assayed for en- 
zyme activity. The protein content was mea- 
sured by the Bradford (7) method using bo- 
vine serum albumin as a standard. 

Estrogen 2-hydroxylase was measured by a 
product isolation method (8). An aliquot 
quantity of the microsomal fraction of the 
ovaries, usually equivalent to 50 pg protein, 
was incubated for 30 min with 100 pl of a 
reaction mixture containing 10 pM estradiol 
(E2), 0.075 pCi [4-14C]E2, 10 mMascorbic 
acid, 1 pA4 cold 2-hydroxyestradiol, and 1.5 
mM NADPH in Hepes/Tris (0.05 A4/0.05 
M )  buffer at pH 8.0. Some assays were termi- 
nated by adding 100 p1 of 1 N HCl contain- 
ing 2000 cpm of [3H]20H-E2 for detection 
of procedural losses. Recovery was consis- 
tently between 80 and 85% and therefore no 
correction was made for losses. Further, to 
determine the amount of catechol estradiol 
that might be oxidized under the assay con- 
ditions, the same amount of 2-OH-E2 that 
was used as a carrier was injected directly 
into the HPLC column; there was no de- 
tectable oxidation and thus no correction 
was needed. The reaction products and 
unreacted substrate were extracted with ethyl 
acetate saturated with ascorbic acid, evapo- 
rated to dryness, and redissolved in metha- 
nol for HPLC analysis. Blank values were 
obtained by using samples not containing 
NADPH. 

Separation of 2-OH-E2 was performed 
using an LC 300 liquid chromatograph (Bio- 
analytical System, West Lafayette, IN) 
equipped with a flow detector (Flo-One 
Model IC, Radiomatic, Tampa, FL) as well 
as an LC-4B amperometric detector, LC-17 
glassy carbon flow cell, Ag/AgCl reference 
RE-1 electrode, PM-30A dual piston pump, 
and Rheodyne 7125 sample injector with 
2 0 4  injection loop. A 5-pm econosphere 
ODS column, 25 cm X 4.6 mm (Altech 
Assoc. Inc., Deerfield, IL) was used, with a 
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FIG. 1. Pattern of electrochemical (EC channel-right 
tracing) and radiometric (left tracing) changes with the 
chromatographic separation of products obtained by 
reacting rat ovarian microsomes with [ ''C]estradiol. The 
first peak in the EC channel corresponds to that of 
ascorbic acid used to prevent oxidation of the catechol 
estrogen. The first peak in the radiometric channel rep- 
resents two compounds, one of which has the retention 
time of authentic estriol(4.3 rnin); only the second peak 
(8.1 rnin), that of authentic 2-hydroxyestradiol, was used 
for quantitation. In this system authentic 4-OH-estradiol 
has a retention time of 6.9 min. 

mobile phase of methanol/O. 1 A4 sodium ac- 
etate/glacial acetic acid (50/42.5/7.5, v/v, pH 
4.0) with a flow rate of 1 ml/min and back- 
pressure of 2800 psi. Presence of the analog 
input option with the radioactive flow detec- 
tor allows combination with the analog sig- 
nal of the electrochemical (EC) detector. 
Thus the I4C and EC channels can be used 
simultaneously (Fig. 1). The integrated peak 
area of the product found in the 14C channel 
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FIG. 2. The effect of pH on estrogen 2-hydroxylase 
activity obtained with 50 pg of rat ovarian microsomes. 
All other assays were run at pH 8.0. 

corresponding to the authentic cold 2-OH- 
E2 in the EC channel is used for calculation. 
Results were expressed as picomoles per mil- 
ligram protein per 30 min. 

Results. Preliminary trials indicated that 
the mitochondria1 fraction of the ovarian ho- 
mogenates contained little estrogen 2-hy- 
droxylase activity. Furthermore, under the 
conditions of the present study neither mito- 
chondria nor microsomes produced detect- 
able amounts of 4-OH-E2. However, the in- 
cubation of the microsomal fraction resulted 
in three main peaks as measured by the ra- 
diometric detector (Fig. 1). The first peak 
had a retention time very close to that of 
estriol (4.3 rnin), while the second, with a 
retention time of 8.1 min, was fourfold larger 
than the first and corresponded to that of 
authentic 2-hydroxyestradiol (labeled and 
unlabeled). The third and largest peak eluted 
at 11.1 rnin and corresponded with that of 
labeled and unlabeled estradiol. The first 
peak was not completely resolved by the 
present system and the material was not 
quantitated. Thus all subsequent studies 
used the microsomal fraction of the ovaries 
for measurement of only 2-OH-E2 produc- 
tion. The optimal pH for the enzyme was 
between 8 and 8.5 (Fig. 2); all assays in the 
present study were run at pH 8.0. Figure 3 
indicates that the enzyme is substrate-depen- 
dent and using the best-fit curve from the 
plot of the reciprocal of substrate concentra- 
tion vs reciprocal of activity yields an appar- 
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FIG. 3. Changes in estrogen 2-hydroxylase activity of 
rat ovarian microsomes with increasing substrate con- 
centration. The insert shows the best-fit line for recipro- 
cal velocity vs reciprocal substrate concentration. 
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FIG. 4. Estrogen 2-hydroxylase activity increased with 
increasing amounts of microsomal protein; 50 pg was 
used for all other assays. 

ent K,,, of 4.44 pM and a V,,, of 62.3 
pmole/mg protein X min-'. In all subse- 
quent assays 10 pM substrate was used and 
with this the reaction was linear with the 
amount of microsomal protein used to at 
least 60 pg (Fig. 4); all assays were run using 
50 pg of protein/assay tube. 

Changes in estrogen 2-hydroxylase activity 
with time after injection of hCG are shown 
in Fig. 5. The activity decreased during the 
first 12 hr and remained at about this level at 
24 hr. However, within another 24 hr the 
activities had increased dramatically and by 
72 hr, i.e., after six injections of hCG, ap- 
peared to approach the maximum; a similar 
amount of activity was found in ovaries ob- 
tained at 96 hr, or 12 hr after the eighth in- 
jection of hCG. The maximal serum concen- 
tration of hCG was reached by about the 
same time; i.e., hCG at 24 hr, after two doses 
of the hormone, was 144.3 k 4.1 mIU/ml, 
176.1 k 20.7 mIU at 48 hr, 234.7 k 12.4 
mIU at 72 hr, and 283.5 k 28 mIU/ml at 96 
hr, 12 hr after the eighth dose. 

If nine doses of hCG were given, i.e., last 
dose at 96 hr and ovaries removed at varying 
times thereafter, activity remained elevated 
for another 60 hr even though the hCG level 
had fallen by nearly 90%, to 32.3 k 6.1 
mIU/ml by this time (Fig. 6). After 60 hr, 
however, enzyme activity declined quite rap- 
idly. hCG disappeared from the serum expo- 
nentially, i.e., half lost every 13 hr, while en- 
zyme activity decreased more slowly. 

PMSG also increased enzyme activity in 
the ovaries (Fig. 5) .  There was no detectable 

activity in 50 pg of microsomes of granulosa 
cells obtained from the large preovulatory 
follicles. The ovarian remnant, obtained 
after removal of the granulosa cells, which 
contained a few unruptured follicles plus 
thecal and interstitial tissue, had slightly 
more specific activity than did ovaries con- 
taining the full complement of granulosa 
cells. These results were obtained on only 
two groups of ovaries and no statistical anal- 
yses are possible. 

Figure 7 shows the changes in estrogen 2- 
hydroxylase activity in animals injected with 
25 IU PMSG one day before hypophysec- 
tomy. Activity more than tripled between 24 
and 48 hr after the dose of PMSG. Injection 
of anti-PMSG antiserum at the latter time 
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FIG. 5. Estrogen 2-hydroxylase activity in the micro- 
soma1 fraction of ovaries (8- 12 ovaries/homogenate) at 
varying times after injection of gonadotropins. hCG (10 
IU) was injected (ip) at time 0 and sc every 12 hr thereaf- 
ter to hypophysectomized immature rats. PMSG (20 IU) 
was injected 24 hr before hypophysectomy and the 
ovaries were removed 48 hr after the latter operation. 
Mature follicles from 20 ovaries were punctured to ob- 
tain granulosa cells (GC), which had undetectable activ- 
ity in 50 pg of microsomal protein. The remnant ovary, 
which contained a few unruptured follicles as well as 
thecal-interstitial tissue, had slightly more activity than 
did the whole ovaries in which granulosa cells were not 
harvested. Each group shown in this figure was repre- 
sented in the same assay. The activity from several pools 
was assayed in duplicate; variation did not exceed 6%. 
Interassay variation (SEM shown as vertical line) was 
checked only for the homogenate of ovaries removed at 
72 hr. 
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FIG. 6. Changes in serum concentration of hCG and 
ovarian microsomal estrogen 2-hydroxylase activity of 
hypophysectomized immature rats. Animals were given 
hCG ( 10 IU) every 12 hr for nine doses; the last dose was 
given at time 0, i.e., which was 96 hr after the first dose. 
After an initial increase, hCG decreased with a half-time 
of 13 hr. Enzyme activity remained elevated for about 60 
hr and then began to decrease exponentially: Note the 
log scales for hormone (left) and enzyme (right) values. 
Vertical lines indicate SEM for the hormone level in 
groups of at least four animals. Enzyme activity was 
determined in the homogenate prepared from at least 
eight ovaries and all were measured in the same assay. 

resulted in a distinct fall in activity 6 hr later; 
activity did not change between the 6th and 
12th hr but it declined further between the 
12th and 24th hr. Other animals of this series 
were injected with 10 IU hCG, or saline, 72 
hr after the administration of PMSG and 
were killed 2,4,6, or 12 hr later (Fig. 7). The 
hCG produced an increase in activity within 
the first 24 hr but this was followed by a 
dramatic decrease in activity that persisted 
through the 12th hr. 

Discussion. The present study has demon- 
strated that (i) the rat ovary contains estrogen 
2-hydroxylase activity, (ii) this activity is in- 
creased by exposure to gonadotropin, (iii) the 
continual presence of gonadotropin is neces- 
sary to maintain activity, and (iv) the activity 
is probably largely localized in the thecal-in- 
terstitial tissue. The ovary of the hypophy- 

not have maturing follicles but only highly 
hypertrophied theca and interstitium. The 
32-day-old animals that had received nine 
doses of hCG, at 12-hr intervals, did not have 
open vaginae nor stimulated uteri, indicating 
a lack of estrogen; attempts to detect estra- 
diol in the serum by radioimmunoassay were 
unsuccessful (data not shown). Therefore, 
the increase in enzyme activity seen at 48 hr 
and later is not correlated with follicular de- 
velopment nor with ovarian estrogen level, 
as was the case for the porcine ovary (4). 
Stopping treatment resulted in an exponen- 
tial fall in serum hCG level, but enzyme ac- 
tivity did not change for at least 2 days (Fig. 
6). On the other hand, when gonadotropin 
stimulation was removed by an antibody to 
PMSG (Fig. 7) enzyme activity decreased by 
42% in the first 6 hr; by 24 hr only 23% of the 
activity remained. The serum level of estra- 
diol decreased by 93% within 6 hr and was 
undetectable in four of six rats at 12 hr after 
anti-PMSG treatment (data not shown). 
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FIG. 7. Loss of ovarian estrogen 2-hydroxylase activity 
with antigonadotropin or an ovulating dose of hCG. 
Immature rats were injected with 25 IU PMSG; they 
were hypophysectomized 24 hr later and the ovaries 
from a group removed for assay. At 48 hr post-PMSG 
(A) 0.1 ml of anti-PMSG antiserum, or normal rabbit 
serum, was injected (ip) and groups were killed at 6, 12, 
or 24 hr (controls only at 12 and 24 hr). Six other groups 
were injected (ip) 72 hr post-PMSG (B) with either 10 IU 
hCG or 0.1 ml saline, and groups were killed 2, 4, 6, or 
12 hr later. Each point represents the value obtained for 

sectomized rat treated only with hCG does microsomes of ovaries from 4 to 6 rats. 
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The microsomes of granulosa cells, ex- 
pressed from mature follicles in ovaries ex- 
posed for 72 hr to PMSG, did not contain 
detectable enzyme activity. Furthermore, re- 
moval of most of the granulosa cells from the 
ovary appeared to increase specific activity 
suggesting, but certainly not proving, that 
this ovarian component does not contribute 
appreciably to the total estrogen 2-hydroxyl- 
ase activity of the rat ovary. Aspirated gran- 
ulosa cells from porcine ovaries, as well as 
dissected interstitial cells, had only a small 
amount of estrogen 2-hydroxylase activity, 
but the “follicle wall” containing both gran- 
ulosa and theca was rich in activity (4). In the 
latter study separation of the wall into gran- 
ulosa and thecal layers indicated that both 
had activity, with the former having the most 
when calculated on a per follicle basis. Por- 
cine corpora lutea did not contain activity 
(4). Corpora lutea were not assayed in the 
present study, but estrogen 2-hydroxylase ac- 
tivity was quickly lost following exposure of 
the PMSG-stimulated ovary to hCG (Fig. 7). 
Interestingly, activity increased immediately 
after injection of hCG in the PMSG-primed 
animals, but the significance of this is un- 
known. 

The rat ovary, in contrast to the porcine 
gland (4), did not produce detectable 
amounts of 4-OH-estradiol. This only indi- 
cates that with the amount of microsomes 
used to measure 2-hydroxylase activity, 4- 
hydroxylase activity was not detected. Sub- 
sequent trials with much larger amounts of 
microsomes (loo+ pg) have yielded measur- 
able amounts of 4-OH-estradiol; quantita- 
tion must await further studies. However, 
another metabolite, which on the basis of re- 
tention time in the HPLC could be estriol, 
was produced (Fig. 1). Further evidence to 
indicate that this material was estriol was ob- 
tained following its separation by column 
chromatography on Sephadex LH-20 and 
measurement by a specific radioimmunoas- 
say for estriol (data not shown). Recently a 
microsomal cytochrome P-450 that has 2- 
and 16a-hydroxylase activity was isolated 
from male and female rat liver (9). The 
hCG-stimulated ovary of the hypophysecto- 
mized rat has a protein that, when separated 
by SDS-PAGE and used in immunoblots, 
binds to the purified antibody to that cy- 

tochrome P-450 (unpublished data). The he- 
patic enzyme would appear to play a role in 
the metabolism of estradiol or estrone, i.e., 
for production of less potent estrogens. A 
role for the ovarian enzyme has not been 
established. A possible paracrine function for 
catechol estrogen in the porcine follicle has 
been suggested (4) on the basis of the ability 
of these metabolites to increase progestin 
production by porcine granulosa cells. A 
similar role has been proposed for 2-OH-es- 
tradiol in the rat (10, 11). However, several 
other possibilities require investigation. The 
catechol estrogens, particularly the 2-hy- 
droxyestrogens, have been shown to be po- 
tent biological antioxidants ( 12) and they 
may play some role in protecting steroido- 
genic enzymes. More attractive is the view 
that the catechol estrogens stimulate the syn- 
thesis of arachidonic acid metabolites (1 3). 
2-OH-E2 stimulates prostaglandin synthe- 
tase activity and in addition is an excellent 
cosubstrate for hydroperoxidase ( 1 3). Cooxi- 
dation with prostaglandin destroys the cate- 
chol estrogen, thus removing the latter from 
further physiologic function ( 13). Gonado- 
tropic stimulation of the ovary would thus 
lead to increased synthesis of estrogen 2,16- 
hydroxylase which could act upon estrogen 
synthesized by the granulosa to produce ca- 
techol estrogens. The latter would stimulate 
prostaglandin synthesis, and perhaps direct 
which PGs would be produced (1 3), and be 
consumed in the process. 

This work was supported in part by grants from the 
USPHS (HD 15307, HD12 122 (to S. K. Dey) and BRSG 
SO7 RR 05373); Div Research Resources, NIH). The 
technical assistance of Mrs. M. A. Wagoner is gratefully 
acknowledged. 

1 .  Dehennin L, Blacker C, Reiffsteck A, Scholler R. 
Estrogen 2-,4-, or 16-hydroxylation by human folli- 
cles shown by gas chromatography-mass spectrom- 
etry associated with stable isotope dilution. J Steroid 
Biochem 20:465-47 1 ,  1984. 

2. Silberzahn P, Almahbobi Gh, Dehennin L, Mer- 
ouane A. Estrogen metabolites in equine ovarian 
follicles: Gas chromatographic-mass spectrometric 
determinations in relation to follicular ultrastruc- 
ture and progestic content. J Steroid Biochem 
22:501-505, 1985. 

3. Marks F, Hecker E. Metabolism and mechanism of 
action of estrogens. XII. Structure and mechanism 



ESTROGEN 2-HYDROXYLASE 195 

of formation of water-soluble and protein-bound 
metabolites of oestrone in rat-liver microsomes in 
vitro and in vivo. Biochim Biophys Acta 187:250- 
261, 1969. 

4. Hammond JM, Hersey RM, Walega MA, Weisz J. 
Catecholestrogen production by porcine ovarian 
cells. Endocrinology 118:2292-2299, 1986. 

5. Barbieri RL, Canick JA, Ryan KJ. Estrogen-2-hy- 
droxylase activity in rat tissues. Steroids 32529- 
538, 1978. 

6. Hoffman AR, Paul SM, Axelrod J. Estrogen-2-h~- 
droxylase in the rat. Biochem Pharmacol29:83-87, 
1980. 

7. Bradford MM. A rapid and sensitive method for the 
quantification of microgram quantities of protein 
utilizing the principle of protein dye binding. Anal 
Biochem 72:248-254, 1976. 

8. Chakraborty C, Davis DL, Dey SK. Characteristics 
of estrogen 2/4-hydroxylase in pig blastocysts: Inhi- 
bition by steroidal and nonsteroidal agents. J Steroid 
Biochem 31:231-235, 1988. 

and 16a-hydroxylase activity. Biochemistry 

10. Hudson KE, Hillier SG. Catechol oestradiol control 
of FSH-stimulated granulosa cell steroidogenesis. J 
Endocrino1106:Rl-R4, 1985. 

11. Hudson KE, Wickings EJ, Hillier SG. Effects of 2- 
hydroxyoestradiol, oestradiol, and testosterone on 
FSH-induction of catecholamine- and gonadotro- 
pin-responsive progesterone biosynthesis in rat 
granulosa cell cultures. J Steroid Biochem 28:267- 
272, 1987. 

12. Nakano M, Sukgioka K, Naito I, Takekoshi S, Niki 
E. Novel and potent biological antioxidants on 
membrane phospholipid peroxidation: 2-Hydroxy- 
estrone and 2-hydroxyestradiol. Biochem Biophys 
Res Commun 142:9 19-924, 1987. 

13. Degen GH, McLachlan JA, Eling TE, Sivarajah K. 
Cooxidation of steroidal and nonsteroidal estrogens 
by purified prostaglandin synthase results in a stim- 
ulation of prostaglandin formation. J Steroid Bio- 
chem 26:679-685, 1987. 

27~678-686, 1988. 

9. Sugita 0, Sassa S, Miyairi S, Fishman J, Kubota I, 
Noguchi T, Kappas A. Cytochrome P-450c-M,F, a 
new constitutive form of microsomal cytochrome 
P-450 in male and female rat liver with estrogen 2- 

Received March 16, 1988. P.S.E.B.M. 1988, Vol. 189. 
Accepted July 7, 1988. 


