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SUMMARY 

Peripheral plasma levels of 2Oz-dihydroprogesterone (ZOGI-OHP), progesterone (P) and 17-hydroxypro- 
gesterone (17-OHP) were determined daily throughout the menstrual cycle of five healthy women 
and in four-hourly samples collected during the follicular and luteal phases. LH was determined daily 
and, taking the LH peak as day 0, the mean concentration for ZOa-OHP in ng/ml was 0.46 on day 
- 8; 0.90 on day 0 and rose to 6.20 on day +9. The mean for P in ng/ml on day - 8 was 0.40; 
1.20 on day 0 and rose to 17.70 on day $7. There was evidence for -the presence of two small 
oeaks of 17-OHP on davs 0 and + 2. In the follicular chase. 2&x-OHP and P showed minor fluctuations 
of a reciprocal nature until day -6 after which the P values increased threefold and the 2Oa-OHP 
values twofold. There was clear evidence of a nycterohemeral variation in the concentrations of 
17-OHP with maximum values at 8.00. The variations in four-hourly samples for ZOa-OHP and P 
showed reverse patterns-the highest concentration of the former at 20.00 coinciding. in general, with 
the lowest concentrations of the latter. Changes were observed in these four-hourly variations at differ- 
ent times in the menstrual cycle. 

INTRODUCITON 

In the early 1950’s, several authors reported the pres- 
ence of unidentified steroids with the 4-ene-3-ketone 

configuration in extracts of human placenta and cord 
blood [l--4]. In 1956, Salhanick[5] reported that one 
of these compounds isolated by Jones et a/.[43 was 
20z-hydroxypregen4en-3-one (20a-OHP). 

Subsequently, Zander et a/.[63 isolated 20a-OHP 
from ripe follicles and corpora lutea and the steroid 
was identified in cord blood [7]; pregnancy 
plasma [S]; pooled peripheral plasma collected dur- 
ing the luteal phase of the menstrual cycle [9] and 
ovarian venous blood [lo]. These observations 
offered an explanation for the discrepancy between 
the results obtained by physico-chemical and biologi- 
cal methods for the determination of progesterone 
since the latter also determined 201-OHP and poss- 
ibly other progestogens. 

In vitro the formation of 2&x-OHP from labelled 
acetate has been demonstrated in ovarian tissue [ 1 l] 
and the transformation of progesterone to 20a-OHP 
has been shown to occur in human placental tissue, 
myometrium and endometrium [ 12-151. 

The interconversion of 2Oa-OHP and P was 
demonstrated by Weist [16] in rat ovarian tissue and 
by Zander [13] in the foetoplacental unit. Recently, 
the conversion of 2031-OHP to P has been demon- 
strated in human endometrium and there was evi- 
dence that this reaction varied with ovarian acti- 
vity [17]. 

Although a radioimmunological method has been 
developed for the determination of 2Oa-OHP and 
applied to groups of men and women [ 181 there is 
little information upon variations throughout the 
menstrual cycle [ 19-211. Progestogen levels in 
males 1223 and in women during preovulatory and 
ovulatory phases of the menstrual cycle [23,31] have 
been investigated. The present study was undertaken 
in order to study daily and four-hourly changes in 
relation to the peak of plasma LH and involving the 
simultaneous determination of progesterone (P) and 
17-hydroxyprogesterone (17-OHP). It was hoped that 
this might begin to throw light upon the significance 
of ZOu-OHP in human reproductive physiology. 

EXPERIMENTAL (WITH METHODOLOGY) 

Subject. Five unmarried women volunteers, 
between 21 and 28 years in apparent good health and 
on no hormonal medication with cycle length ranging 
from 27 to 30 days were studied. All the volunteers 
carried on with their usual activities during the period 
of study. None were involved with night duties. 

Blood was drawn daily at 8.00 a.m. from the cubital 
vein throughout the menstrual cycle. During these 
cycles, four hourly blood samples were taken in the 
follicular and luteal phase. The blood was collected 
into heparinized tubes and the plasma separated from 
red cells immediately by centrifugation. The plasma 
was stored at - 15°C until assayed. 
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Radioimmunoassay. Methods for the radioimmuno- 
assay of 20c+dihydroprogesterone, progesterone, and 
17-hydroxyprogesterone in peripheral plasma have 
already been reported [l&24,25]. These steroids were 
determined simult~eously in the same aliquot of 
plasma (1 ml in the follicular phase and 0.5 in the 
luteal phase) after chromatographic separation as pre- 
viously described [IS]. Plasma LH was determined 
by a double antibody radioimmunological method. 
The assay system contained HCG labelled with 1”’ 
and an ~tiserum to HCG. (Wellcome Foundation 
Ref. No. R.D.01/02). Wellcome anti-rabbit precipitat- 
ing serum (Ref. No. R.D.17) was used as second anti- 
body and LER-907. (Nat. Pituitary Agency, Bethesda, 
U.S.A.) as standard. 

RESULTS 

Daily determipuxtion. The average values for the 
plasma concentrations of 20a-OHP, P and 17-OHP 
from four menstrual cycles are shown in Fig. 1. The 
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Fig. 1. Average of plasma 2Oa-OH-P, P and 17-0H.P 
@g/ml) Concentrations in daily determinations during four 

menstrual cycles. 

LH peak was designated as day 0 and the results 
were plotted with reference to this point. 

Plasma 20c(-OHP concentrations rise slowly from 
a mean value of 0.4 k 0.1 @ml. (mean & SD.) in the 
early fol~~ular phase until they reach a value of 
0.9 & 0.6 ng/ml at about day +4. Subsequently, there 
is a rapid increase in the level to reach a maximum 
of 6.2 f 4.0 ng/ml on day 9 followed by a rapid de- 
crease towards the end of the cycle. It will be noted 
that individual variations of from 0.4-1.4ng/ml 
occurred towards the onset of menstruation. 

The concentration of P in plasma in the early fol- 
licular phase had a mean value of 0.4 ng + O.l/ml in- 
creasing to 1.2 + 0.2 ng/ml at the LH peak. From day 
+2, the levels rose sharply to reach plateau between 
days +4 and + 8. The highest level (17.7 It 5.5 ng/ml 
was observed on day +7. Following this, there was 
an abrupt decline to lower con~ntrations with indivi- 
dual variations of 0.4-1.8 ng/ml on the last day of 
the cycle. 

The level of 17”OHP rises from 0.6 f 0.2 ng/ml on 
day -7 to a mean value of 1.8 f 0,6ng/ml at the 
LH peak. Values of this order are maintained until 
about day +8 and then fall towards menstruation. 
There is a suggestion of peak at the time of the LH 
peak followed by several fluctuations during the luteal 
phase. The premenstrual concentrations were 0.2 and 
1.3 ng/ml. 

The individual daily variations for the three ster- 
oids observed in these four menstrual cycles are 
shown in Fig. 2. Figure 3 shows the lower values 
obtained in a fifth patient in whom the LH peak 
occurred on the 21st day of the cycle followed by 
a short luteal phase, Reference has already been made 
to maximum mean concentration of P on day +7 
but a study of the indi~dual cycles reveals that the 
highest value for the hormone may occur between 
days +5 and + 10. Similarly, although the mean 
value for the peak of 20a-OHP was on day +9, this 
peak occurred between days + 5 and + 10 in the indi- 
vidual cycles. 

Foul-dourly de~errn~na~~~s. Individual values, 
means and S.D. in four-hourly assays of the three 
steroids in five women during the folhcular phase; 
in two women on day + 1 and in three women during 
the luteal phase of the menstrual cycle are shown in 
Tables 1, 2 and 3. The average of these values plotted 
in function of time are shown in Fig. 4. In the follicu- 
lar phase, P had higher levels at 8.00, at noon and 
4.00 followed by a depression of the values between 
16.00 and midnight. The lowest concentration was 
observed at 20.00 with a percentage of variation from 
the mean (PVM) of - 16.9. 

In contrast, 20a-OHP had a peak at 20.00 (PVM 
+ 17.5) and lower values at 16.00 and midnight (PVM 
- 12.2). The levels of 17-OHP had a marked nyctero- 
hemeral variation with the highest values at 8.00 
IPVM +54.6) and lower concentrations between 
noon and midnight. One day after the LH peak (Day 
+ 1) the mean levels of P from two women again 
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Fig. 2. Daily concentrations of 20a-OH.P, Pand 17 0H.P during the menstrual cycles of the volunteers 
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Fig. 3. Daily levels of 20~OH.P, P and ll-0H.P in volunteer E, in whom the LH peak occurred 
on the 21st day of the cycle. 

had the lowest level at 20.00 (PVM - 5.8) and higher 
concentrations at noon and 4.00 (PVM + 14.0). How- 
ever, the values for 20a-OHP and 17-OHP on Day 
+ 1 were different from those in the follicular phase. 
In the luteal phase, there was a more definite fall 
at 20.00 in the level of P, whereas 20~OHP had peak 
at the same time (PVM +24.6). The nycterohemeral 
variation of 17-OHP in the luteal phase was less 
marked than that observed in the follicular phase of 
the cycle. 

In Fig. 5 are shown the individual variations in 
the follicular phase in four-hourly samples taken from 
the same volunteer during a period of 60 h, i.e. from 
day -6 to day - 3. The nycterohemeral variation 

Table 1. Concentrations in four-hourly samples of plasma Table 2. Concentrations in four-hourly samples of plasma 
20a-OHP during the menstrual cycle (ng/ml) progesterone (ng/ml) during the menstrual cycle 

Follicular phase 

Day 
-12 -6 -5 -5 -5 -5 -4 -3 

Hour E’ E A B F C C C Mean + S.D. 

8 0.33 0.56 0.44 0.59 0.25 0.73 0.81 0.72 0.55 + 0.20 
12 0.20 0.53 0.20 0.44 0.29 0.74 0.58 0.91 0.48 I 0.25 
16 0.32 0.22 0.30 0.40 0.30 0.85 0.55 0.74 0.46 f 0.23 
20 0.35 0.78 0.44 0.60 0.30 0.86 0.79 078 0.61 f 0.22 
24 0.29 0.53 0.35 0.23 0.23 0.77 0.80 -- 0.46 + 0 24 

4 0.23 1.25 0.41 0.50 0.18 0.68 0.66 ~~ 0.56 + 0.52 
8 0.31 0.60 0.54 0.44 0.30 0.81 0.72 0.50 0.52 IO.18 

Day + One Luteal phase 

Day Day 
+1 +1 +2 +6 +11 

Hour E D Meall Hour D A B Mean k SD. 

8 0.32 0.43 0.37 8 0.90 2.M) 2.50 1.80 + 0.81 
12 0.34 0.50 0.42 12 1.22 5.00 3.00 3.07 + 1.89 
16 0.56 0.68 0.62 16 1.23 4.00 3.04 2.77 + 1.44 
20 0.62 0.73 0.67 20 1.72 5.40 3.76 3.62 ; 1.84 
24 1.00 0.83 0.91 24 1.11 3.00 4.62 2.91 * 1.75 

4 0.44 - 0.44 4 1.02 3.15 4.00 2 12 f 1.53 
8 1.28 0.90 1.09 8 1.32 3.40 4.70 3.14 * 1.70 

in the concentration of 17-OHP is clearly demon- 
strated throughout the three days with highest values 
in the morning and lowest at midnight. The concen- 
trations of both P and 20a-OHP appeared to follow 
certain trends in that there were peaks of P at ap- 
proximately 12 h intervals and, in general, the vari- 
ations of 20~OHP levels show a trend which is inver- 
sely proportional to that of progesterone. 

The pattern for the three steroids after the LH 
surge (days + 1 and +2) are shown in Fig. 6. Blood 
was taken hourly from the same woman from 8.00 
(Day + 1) to 8.00 (Day + 3). The progesterone con- 
centration rose steadily during the study but there 
was still an indication of lower values at 20.00. Dur- 

Follicular phase 

-I2 -6 -5 -5 
Hour E’ E A B 

D=Y 
-5 -5 -4 -3 
F C C C Mean + S.D. 

8 0.73 0.36 0.64 0.71 0.54 0.41 0.37 0.89 0.58 i_ 0.19 
12 0.52 0.38 0.56 0.66 0.33 0.71 0.68 0.56 0.55 i 0.13 
16 0.62 0.36 049 0.79 0.33 0.38 0.34 0.62 0.49 + 0.17 
20 0.35 0.37 0 30 0.62 0.51 0.33 0.43 0.56 0.43 + 0.12 
24 0.64 0.35 
4 1.27 0.38 
8 0.56 0.44 

0.21 0.69 0.21 0.52 0.35 ~ 0.42 I 0.19 
0.34 0.59 0.48 0.34 0.32 ~ 0.53 f 0.34 
0.32 0.63 0.46 0.37 0.89 0.76 0.55 f 0.20 

Day + one 

Day 
+I +1 

Hour E D MeaIl 

Luleal phase 

Day 
+2 +h fll 

Hour D* A B Mean k S.D. 

8 1.64 1.27 1.45 8 2.68 15.60 11.20 9.82 k 6.56 
12 2.00 2.17 2.08 12 3.00 14.M) 15.80 11.13 _t 7.06 
16 1.64 2.25 1.94 16 3.82 15.00 16.60 11.80 + 6.96 
20 1.80 2.02 1.91 20 3.28 10.20 16.70 10.06 + 6.71 
24 1.72 2.18 1.95 24 4 12 14.00 18.80 12.30 + 7.48 
4 2.22 2.39 2.30 4 6.01 16.00 16.40 12.80 + 5.88 
8 246 2.68 2.57 8 726 15.80 16.20 13.08 k 5.05 

* Volunteers. (F, 6th volunteer in whom only follicular * Subjects (F, 6th volunteer in whom only follicular 
phase was determined). phase was determined). 
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Table 3. Concentrations in four-hourly samples of PIasma 
17-OHP (ng&l) during the menstrual cycle 

-I2 -6 -5 -5 -5 -5 -4 -3 
Hour E* E A B E C C C Mean f S.D. 

8 I.00 0.23 0.58 0.85 0.33 1.12 0.82 1.42 0.79 * 0.40 
12 0.33 0.13 0.55 0.M 0.14 0.58 0.24 0.M 0.33 f 0.17 
16 0.50 0.17 0.46 0.32 0.11 0.34 0.28 043 0.32 * 0.14 
213 0.24 0.25 0.31 0.37 085 021 0.43 OS 0.40 f 0.21 
24 0.39 al5 0.27 0.29 0~72 0.10 0.19 - 0.30 f 0.21 
4 2.66 0.14 0.37 43.46 0.12 0.19 0.21 - 0.59 f 091 
8 1.W 0.27 0.79 0.47 0.36 a82 1.42 0.85 0.75 f: 0.37 

Day + one Luteal phese 

Day &Y 
+1 +1 +2 +6 +11 

Hour E' D Mean Hour D* A B Mean f SD. 

8 0.90 1.03 0.96 8 1.39 1.80 1.18 1.45 * 0.31 
12 1.00 1.14 1.07 12 1.23 a% 1.30 1.16 i: 0.18 
16 0.60 1.08 0.64 16 0.90 1.28 1.50 1.22 * 0.30 
20 1.34 0.87 1.10 20 1.11 0.82 1.76 i.23 * 0.48 
24 1.64 1.07 1.35 24 ots 1.15 1.80 U?~lMa 
4 1.56 - 1.36 4 0.73 I.80 1.74 1.42 f 0.60 
8 I.% 1.39 0.97 8 1.52 1.64 1.60 1.58 f 0.w 

* Volunteers (F, 6th volunteer in whom only follicular 
phase was determined). 

ing Day + 1, there were no characteristic changes in 
the concentration of the other two steroids, whereas 
during the second day of the study the levels of both 
2%OHP and 17-OHP reverted to the type pattern 
exhibited in the follicular phase with a peak of 
20~OHP coinciding with the lowest value for pro- 
gesterone. 

The plasma concentrations of the three steroids in 

the follicular phase (days - 6 to - 5) and luteal phase 
(days + 11 to + 12) in the same volunteer are shown 
in Fig. 7. 

The reverse relationship between P and 20~OHP 
is again revealed. 17-OHP had the pattern which has 
been described but this was less marked in the luteal 
phase. Figure 8 shows the study of four-hourly values 
on two days of the cycle of the patient in whom the 
ovulatory peak was on the twenty-first day. Thus the 
first day covers day - 13 to -12 and the second, 
days -7 to -6. It is interesting to observe changes 
in the three steroids similar to those described above 
in the four-hourly samples collected between days - 7 
and -6. On the other hand, in the samples collected 
very early in the cycle, these changes are much less 
apparent. 

DISCL’SSIOS 

During the early follicular phase, the fluctuations 
in 20x-OHP and P are in the same range and there 
is a suggestion that there is an inverse relationship 
in the daily values of the two steroids, so that small 
peaks in the plasma concentration of 2Oa-OHP coin- 
cide with small depressions in the level of progester- 
one. The mean ratio of P/2&-OHP teaches a maxi- 
mum on day -4 followed by a depression after which 
the rise in P values begins whereas that of 2&x-OHP 
is post-ovulatory and at a lower level (Fig. 9). The 
mean levels of the two steroids in the p&ovulatory 
phase are shown in Table 4 and Fig. 10 and it may 

- 2oaQwP 
-P 
---- 179H.p 

Fig. 4. Four-hourly variations in plasma 2Oa-OH.P, P and 17-0H.P. (&ml) during the follicular 
phase (mean of 8 days from five subjezts); on day +1 (mean of 2 days from two subjects) and in 

the luteal phase (mean of 3 days from three subjects). 
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Fig. 5. Four-hourly variations of plasma 20~OH.P, P and 17-0H.P (@ml) in volunteer C during 
60 h in the follicular phase (days 6 to 3). 

be postulated that variation in the circulating levels 
of two progestogens of different biological potency 
may play a part in LH release. Coinciding with the 
LH peak there is a small peak with daily level of 

17-OHP as previously observed [27]. The present 
results show clearly that there is a modest rise in 
20~OHP and progesterone in the days before the 
LH peak in peripheral venous blood. This is es- 
pecially marked in the case of progesterone which 
shows a three-fold rise by day 0 accompanied by a 
two-fold rise in plasma 20a-OHP. This confirms the 
contention that progesterone is secreted by the Graa- 
fian follicle or other components of ovarian tissue 
before ovulation. It is probable that the extent to 
which 20~OHP converted to progesterone varies 
throughout the menstrual cycle. Thus, in the study 
of human endometrium ‘in vitro’ by Maeyama et al. 

(1973) [17] there was found to be a progressive con- 
version of 2Oa-OHP to progesterone in the endome- 
trium from the early proliferative phase to the late 
luteal phase. 

These authors noted high 2Ou-hydroxysteroid de- 
hydrogenase activity in the secretory endometrium 
and this may be an interesting aspect of corpus 
luteum function. The situation may be complex; thus 
it has been shown in rates that hypophysectomy may 
lead to an increased formation of 20a-OHP and a 
decreased production of progesterone [28]. Further- 
more, an inter-relationship between 20a-OHP, LH 
and FSH has been demonstrated in rats [29] and rab- 
bits [30] immediately before ovulation. 

The present study reveals a rather consistent fall 
in plasma progesterone concentration at about 
20.00 h. Furthermore, this was usually accompanied 
by a rise in the plasma level of 20a-OHP at the same 
hour. This applied to both follicular and luteal phases 
of the cycle whereas, with regard to 20~OHP the 
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Fig. 6. Four-hourly variations of plasma 20a-OH.P, P and 
17-0H.P (ng/ml) in volunteer D, during 48 h after the LH 

peak (Days + 1 to + 3). 



Plasma 20adihydroprogesterone progesterone 775 

, 1 r 9 * * ’ 

low 8 12 16 22 24 1 2 
-0 -2 

DAY OF CYCLE 

1 1 I 1 I 

8 0 l8 20 24 4 8 

4 l 12 

DAY OF CYCLE 

Fig. 7. Four-hourly variations in plasma 2Ou-OH.P, P and 17-0H.P (ng/ml) in volunteer A, during 
one day in the follicular phase and one in the luteal phase (Days 6 and + 11). 
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Fig. 8. Four-hourly variations in plasma ZOz-OH.P, P and 17-0H.P (ng/ml) in voluntcez E during 
two days in the follicular phase and one day after the LH peak (Days - 13, - 7 and + 1). 
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Fig. 9. Ratio P/ZOo(-0H.P of the mean plasma concentrations (ng/ml) of the two steroids in four 
cycles. 
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Fig. 10. Periovufar variations in the mean levels of P, and ZOcc-0H.P (ng/ml) in daiiy samples from 
subjects (A-D). 
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Table 4. Periovular variations of 
the mean-plasma levels of P and 

20a-OHP (ng/ml) 

Day P 2Oa-OHP 

Mean * SD. 

+3 

Mean zt SD. 
-4 

10.07 f 8.63 

0.72 

1.62 I 0.73 
+4 

f 

15.51 f 12.94 

0.34 0.48 

2.95 f 0.94 

f 0.16 
-3 0.51 f 0.22 0.45 f 0.10 
-2 0.56 It 0.32 0.78 k 0.54 
-1 0.69 * 0.33 0.81 + 0.60 

0 1.18 f 0.34 0.91 * 0.58 

+1 1.73 * 1.31 1.29 k 0.45 
+2 3.70 f 2.05 1.24 f 0.79 __. 

16. 
17. 

15. Collins W. P., Mansfield M. D., Bridges C. E. and 

change was not evident at the time of the LH peak. 18. 

This again suggests that the interconversion of P and 19, 
2OmOHP may constitute an interesting and relatively 
unexplored aspect of ovarian function. 20. 

Sommerville I. F.: Biochem. J. 113 (1969) 399407. 
Wiest W. G.: J. biol. Chem. 234 (1959) 3115-3121. 
Maeyama M., Makahara K., Sudo I. and Mori N.: 
J. steroid Biochem. 4 (1973) 457466. 
Florensa E. and Sommerville I. F.: Steroids 22 (1973) \ , 
451456. 

Acknowledgements-The authors wish to thank the five 21, 
volunteers for their kindness in providing numerous blood 
samples, and Mr. K. M. Ferguson, B.Sc. who performed 
LH assays. 22. 

Saxena B. B., Demura H., Gandy H. M. and Peterson 
R. E.: J. clin. Endocr. Metab. 28 (1968) 519-534. 
Van Der Molen H. J.: In Progress in Endocrinology, 
(Edited by C. Guul). Excerpta Medica, (Amsterdam) 
Int. Congr. Ser. (1969) 894901. 
Chung-Hsiu W. U., Prazak, Ladislao, Flinckinger G. 
L. and Mikhail G.: J. clin. Endocr. Metab. 39 (1974) 
536-539. 
Vermeulen A. and L. Verdonck.: J. steroid Biochem. 
7 (1976) l-10. 
Thomeycroft I. H., Srihyatha B., Tom W. K. Naka- 
mura R. M. and Mishell D. R. Jnr.: J. clin. Endocr. 
Metab. 39 (1974) 754758. 
Youssefnejadian E., Florensa E., Collins W. P. and 
Sommerville I. F.: J. steroid Eiochcm. 3 (1972) 893-901. 
Youssefnejadian E., Florensa E., Collins W. P. and 
Sommerville I. F.: Steroids 20 119721 773-788. 
Abraham G. E., Ode11 W. D., Swedldff R. S. and Hop- 
per K.: J. clin. Endocr. Metab. 34 (1972) 312-318. 
Appell R. A. Steroids 22 (1973) 351-364. 
Wiest W. G., Bruce Wilcox R. and Kirschbaum T. H.: 
Endocrinology, 73 (1963) 588-595. 
Hillard J., Penardi R. and Sawyer Ch. H.: Endocrino- 
logy 80 (1967) 901-909. 
Strott C. A., Yschimi T. and Lipsett M. B.: J. clin. 
Invest. 48 (1969) 93&939. 
Tea N. T., Castanier M., Roger M. and Scholler R. 
J. steroid Biochem. 6 (1975) 15091516. 

9. Sommerville I. F. and Collins W. P.: Steroids suppl. 
2 (1965) 223-35. 

10. Mikhail G., Zander J. and Allen W. M.: J. clin. Endocr. 
Metab. 23 (1963) 1267-1270. 

11. Huang W. Y. and Pearlman W. H.: J. biol. Chem. 238 
(1963) 1308-1315. 

12. Little B., Dimartinis J. and Nyholm B.: Acta endocr. 
Cope&. 30 (1959) 53c-539. 

13. Zander J.: Excerpta Med. Int. Congr Ser, 83 (1964) 
715. 

14. Bryson M. J. and Sweat M. L.: Endocrinology 81 (1967) 
729-734. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Butt W. R., Morris P., Morris C. J. 0. R. and Williams 
D. C.: Biochem. J. 49 (1951) 434438. 
Pearhnan W. H. and Cerceo E.: J. biol. Chem. 198 
(1952) 79-84. 
Zander J. and Von Munstermann A. M.: Klin. Uschr. 
32 (1954) 894. 
Jones J. E., Berliner D. L. and Salhanick H. A.: Fedn. 
Proc. 14 (1955) 82. 
Salhanick H. A., Jones J. E. and Berliner D. L.: Fedn. 
Proc. 15 (1956) 160. 
Zander J., Forbes T. R., Von Munstermann A. M. and 
Neher R.: J. clin. Endocr. Metab, 18 (1958) 337-353. 
Zander J., Lloys C. W.: Recent Progress in the Endoc- 
rinology of Reproduction, Vol. 1. Academic Press, New 
York (1959) p. 255. 

8. Short R. V.: J. Endocr. 20 (1960) XV-XVI. 

REFERENCES 23. 

24. 

25. 

26. 

27. 
28. 

29. 

30. 

31. 


