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Summary--The hypogonadal (hpg) mouse, which lacks circulating gonadotrophins during 
development, has been used (a) to determine whether initial expression of steroidogenic 
enzyme activity is dependent upon gonadotrophins and (b) to examine the responsiveness of 
these enzymes to luteinizing hormone (LH) stimulation. Activities of 17~t-hydroxylase, 
17-ketosteroid reductase and 5~-reductase were very low but detectable in the hpg testis while 
cholesterol side-chain cleavage (CSCC) activity was undetectable. In contrast, 3fl-hydroxy- 
steroid dehydrogenase (3fl HSD) activity was high (11% of normal testis). Treatment with LH 
increased CSCC and 17~t-hydroxylase activity more than I 1-fold within 24 h. 5~t-Reductase 
activity was increased 3-fold after 3 days treatment while 17-ketosteroid reductase and 3fl HSD 
activities did not respond until after l0 days of treatment. The overall increases in 5~t-reductase 
(4-fold) and 3flHSD (6-fold) activities were low while changes in 17-ketosteroid reductase 
(20-fold) and, particularly, CSCC (> 130-fold) and 17~t-hydroxylase (153-fold) were more 
marked. Results show (l) that expression of 3flHSD activity may be independent of 
gonadotrophins, (2) that activity of 17ct-hydroxylase, 17-ketosteroid reductase and 5ct-re- 
ductase is expressed, though at low levels, in the absence of gonadotrophins and (3) that prior 
exposure to gonadotrophins is not required for a rapid response to LH stimulation, 
particularly with respect to the cytochrome P-450 enzymes. 

INTRODUCTION 

Testosterone biosynthesis in the testis is depen- 
dent upon the activity of  several steroidogenic 
enzymes located in the mitochondria and 
smooth endoplasmic reticulum (ser). Luteiniz- 
ing hormone (LH) acts on the Leydig cell to 
cause acute stimulation of  steroidogenesis but it 
is clear that this hormone is also involved in the 
longer-term control of steroidogenic enzyme 
activity. Early experiments demonstrated that 
hypophysectomy of adult rats causes a decrease 
in activity of  the steroidogenic enzymes which is 
reversible by treatment with hCG [1, 2]. More 
recently it has been shown that withdrawal of  
LH from adult rats, using steroid implants, 
leads to similar reversible losses of  enzyme 
activity [3, 4]. It is clear, therefore, that once 
enzyme activity has been established in the adult 
animal gonadotrophins are required to maintain 
activity. It is less clear, however, to what extent 
initial development of  activity of  the different 
steroidogenic enzymes is dependent upon the 
action of  the gonadotrophins and to what extent 
activity is constitutively expressed within the 
Leydig cells. 

The hypogonadal (hpg) mouse carries a del- 
etion in the gene encoding for gonadotrophin- 
releasing hormone (GnRH) and its associated 
peptide [5]. As a consequence these animals lack 
GnRH,  circulating levels of  follicle-stimulating 
hormone (FSH) and LH are undetectable and 
the gonads develop in an environment lacking 
gonadotrophin stimulation[6]. Treatment of 
these animals for up to 2 weeks with GnRH,  LH 
or testosterone stimulates testis growth while 
G n R H  and LH stimulate androgen pro- 
duction [7-10]. In this study the hpg mouse has 
been used to examine steroidogenic enzyme 
activity in testes which have been deprived of  
gonadotrophin stimulation during develop- 
ment. In addition, the effects of LH treatment 
have been studied to determine the responsive- 
ness of  these enzymes to the onset of  gonado- 
trophin stimulation. 

EXPERIMENTAL 

Materials 

[4,7-3H]pregnenolone, [ 1,2,6,7-3H]progester - 
one, [1,2,6,7-3H]androstenedione, [1,2,6,7- 
3H]testosterone and ~4C-labelled steroids to 
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measure recovery were purchased from 
Amersham International (Amersham, Bucks., 
U.K.) and were purified by thin-layer chroma- 
tography (TLC) before use. [26,27-3H]25-hy - 
droxycholesterol was purchased from New 
England Nuclear (DuPont (U.K.) Ltd, Steve- 
nage, Herts., U.K.). Non-radioactive steroids 
were purchased from Sigma Chemical Co 
(Poole, Dorset, U.K.) or Steraloids Ltd (Croy- 
don, Surrey, U.K.). Organic solvents were pur- 
chased from BDH (Poole, Dorset, U.K.) while 
other chemicals and reagents, unless stated, 
were from Sigma Chemical Co. 

Animals and treatments 

Normal and hpg mice were bred and reared at 
the Royal Veterinary College as previously de- 
scribed[10]. Adult hpg animals (90-150 days) 
were injected (s.c.) twice daily with 2 pg ovine 
LH (NIADDK-oLH-25; potency 2.3 x NIH- 
LH-S1) in saline or with saline alone. The FSH 
contamination of the LH used was less than 
0.5% by weight. This dose of FSH has no effect 
on testicular growth or Leydig cell ultra- 
structure in hpg mice [9]. Animals were killed 
and used for experiments 12 h after the final 
injection. 

Preparation of testicular homogenate 

Animals were killed by decapitation and the 
testes rapidly removed into ice-cold buffer. For 
measurement of cholesterol side-chain cleavage 
(CSCC) activity testes were disrupted by hom- 
ogenization in phosphate buffered saline (PBS) 
containing 0.1% bovine serum albumen (BSA) 
using a motor-driven Teflon-glass homogenizer. 
For measurement of other enzymes testes were 
disrupted by sonication in phosphate buffer 
(50 mM, pH 7.4). In most experiments tissue 
from each animal was treated independently but 
to measure CSCC activity in hpg animals it was 
necessary to pool testes from several animals 
(see below). 

Measurement of steroidogenic enzyme activity 

Cholesterol side-chain cleavage. Cholesterol 
side-chain cleavage activity was determined by 
measuring the conversion of side-chain labelled 
[26,27-3H]25-hydroxycholesterol to tritiated 4- 
hydroxyl-4-methyl-pentanoic acid as previously 
described[l l] and using an additional two- 
phase scintillation counting step [12]. Homogen- 
ates were prepared of single testes from normal 
animals or pooled testes from hpg animals. The 
number of testes in each pool depended on the 

LH treatment; in the untreated group 16-18 
testes were used in a pool, after 1 days treatment 
between 8 and 16 testes were used, after 3 days 
treatment between 4 and 6 testes were used and 
after 10 or 20 days treatment homogenates were 
prepared from the paired testes of single ani- 
mals. To measure CSCC activity homogenates 
were incubated in a total volume of 0.5 ml PBS 
containing 15/tl dimethyl sulphoxide, 5 mM 
isocitrate, 0.5mM NADP ÷, 0.1% BSA and 
1/~Ci [3H]25-hydroxycholesterol (2/~M). Incu- 
bations were for 1 h at 37°C; in normal testes the 
reaction was shown to be linear during this time. 
At the end of the incubation 0.1 ml NaOH (1 N) 
was added followed by 0.5 ml phosphate buffer 
adjusted to pH 13. To remove non-metabolized 
substrate the mixture was extracted twice with 
chloroform and vortexed with alumina as de- 
scribed previously[l l] and an aliquot was 
counted in a liquid scintillation counter using a 
toluene-based scintillant. The aqueous phase 
was then acidified to pH 1 using HC1 and the 
vial recounted. The difference between the two 
counts represents [3H]4-hydroxyl-4-methyl-pen- 
tanoic acid [12]. 

Activities of the other steroidogenic enzymes 
were measured by incubation of testicular hom- 
ogenate with tritiated substrate and separation 
of products by TLC as previously described [13]. 
The substrate concentrations used for each 
enzyme were maximal as assessed using testes 
from normal mice. 

3fl-hydroxysteroid dehydrogenase-isomerase. 
Activity of 3flHSD was determined by measur- 
ing conversion of [3H]pregnenolone to 
[3H]progesterone. Incubations were for 10min 
at 37°C in glass tubes containing [3H]preg- 
nenolone (1/~Ci, 2/~M) dissolved in 0.03ml 
dimethyl sulphoxide (DMSO) and 0.87ml 
phosphate buffer containing NAD (1 mM). The 
reaction was initiated by the addition 0.1 ml 
homogenate and stopped by the addition of 
0.1 ml 1 N NaOH. [~4C]Pregnenolone (50#g, 
1500dpm) and [~4C]progesterone (50~tg, 
1500 dpm) were added to monitor recovery and 
steroids were extracted with toluene. Preg- 
nenolone and progesterone were separated by 
TLC in chloroform/ether (7/1) using plastic- 
backed silica gel plates (Whatman, Maidstone, 
Kent, U.K.). Radioactivity associated with each 
steroid was measured in a scintillation counter. 

17ot-hydroxylase. Activity of 170t-hydroxylase 
was determined by measuring conversion of 
[3H]progesterone to [3H]17~t-hydroxyprogester- 
one, [3H]androstenedione and [3H]testosterone 
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during a 20 min incubation at 37°C. [3H]Pro- 
gesterone (1/~Ci, 1/~M) was dissolved in 
DMSO in 0.87 ml phosphate buffer containing 
NADPH (1 mM). The reaction was as above 
and steroids were separated by TLC in chloro- 
form/ether (7/1) [14]. 

17-Ketosteroid reductase. Activity of 17-keto- 
steroid reductase was determined by measuring 
conversion of [3H]androstenedione (1 pCi, 
10/zM) to [3H]testosterone during a 25 min in- 
cubation in sodium acetate buffer (pH 5.0) con- 
taining NADPH (2/~M). The extraction and 
separation procedures were as above. 

5~-Reductase. Activity of 5~t-reductase was 
determined by measuring conversion of 
[3H]testosterone (1/~Ci, 2/~M) to [3H]dihydro- 
testosterone and [3H]5~t-androstane-30t,17fl- 
diol. The incubation was for 60 min in phos- 
phate buffer containing NADPH (1 mM) and a 
generating system ( lmM D-glucose-6-phos- 
phate plus 0.4 S.I./ml D-glucose-6-phosphate de- 
hydrogenase). Extraction and separation were 
as above. 

Statistics 

Results were analysed by analysis of variance 
and Duncan's multiple-range test. 

R E S U L T S  

Testis weight 

Twice daily injections of LH caused an in- 
crease in hpg testis weight which was first appar- 
ent after day 3 (Fig. 1). Under the treatment 
regime used testis weight reached a maximum at 
10 days and did not change between 10 and 20 
days. 
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Fig. 1. Effects o f  L H  t rea tment  on tes t icular  weight  
in the hpg mouse.  The  m e a n  + SEM is shown and  the 
number s  of  an ima l s  in each g r o u p  were 18, 19, 19, 9 
and  6 af ter  0, I, 3, 10 and  20 days  of  L H  t rea tment .  
G r o u p s  wi th  different let ter superscr ip ts  were s ignif icant ly 

(P  < 0.05) different. 

Table 1. Steroidogenic enzyme activity in the normal and hypo- 
gonadal mouse 

Enzyme activity (pmol/min/testis) 

Hypogonadal Normal 
Enzyme mouse mouse 

CSCC <0.008* 7.5 ± 0.6 
3flHSD 237 _ 58 2088 ± 70 
17ct-Hydroxylase 0.45 __. 0.31 1040 ± 57 
17-Ketosteroid reductase 2.01 + 0.79 2040 + 100 
5~t-Reductase 0.14 + 0.03 Adult 0.98 + 0.21 

30-day old 9.2 ± 2.4 

Mean + SEM of three animals is shown for each group except CSCC 
activity in the hpg mouse. To measure this enzyme testes  w e r e  
pooled (up to 18 testes per pool) and activity in 3 separate pools 
determined. The animals used to study each enzyme were adult 
apart from the 5ct-reductase enzyme in which both normal adult 
and 30-day old animals were used. 

*Activity was undetectable and the limit of detection has been 
arbitrarily set at 20 times the background count in the scintil- 
lation counter used to measure activity. 

Enzyme activity in hpg and normal mice 

In the hpg testis the five steroidogenic en- 
zymes measured showed markedly different 
activities (Table 1). Cholesterol side-chain cleav- 
age activity was undetectable by the method 
used and activities of both 17ct-hydroxylase and 
17-ketosteroid reductase were extremely low. In 
contrast, 3flHSD activity was relatively high in 
the hpg mice. The difference between these 
enzymes may be seen in the ratio of 3flHSD 
activity to 17~t-hydroxylase activity in normal 
mice (2/1) compared to hpg mice (525/1). Ac- 
tivity of 50t-reductase was also very low in hpg 
mice but activity of this enzyme is also low in 
adult normal mice. The peak activity of 5~t-re- 
ductase in the mouse, as in the rat, is around 
puberty (Table 1). 

Effect of LH on steroidogenic enzyme activity 

(i) Cholesterol side-chain cleavage. Activity of 
CSCC was increased from undetectable levels 
( < 0.008 pmol/min/testis) in control hpg mice to 
0.103 pmol/min/testis by treatment with LH for 
24 h (an increase of at least 12-fold) (Fig. 2). 
Activity continued to increase (by 10-fold) up to 
10 days of LH treatment but declined between 
10 and 20 days to 42% of the peak value. 

(ii) 3fl-Hydroxysteroid dehydrogenase / 
isomerase. Treatment of hpg mice with LH for 
3 days had no effect on 3flHSD activity 
(Fig. 3A). By 10 days, however, there was a 
significant increase in enzyme activity which 
continued to rise until 20 days at which time 
activity in the hpg testis was similar to that in the 
testis of the normal animal (Table 1). 

(iii) 17~-Hydroxylase. In contrast to 3flHSD, 
treatment of hpg mice with LH for 1 day caused 
an 11-fold increase in 17ct-hydroxylase activity 
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Fig. 2. Effect of  treatment with LH for up to 20 days on 
CSCC activity in the hpg mouse. Animals, up to 9 per group, 
were injected twice daily with LH. Activity of  CSCC was 
measured in homogenates of  testes from single animals 
(after 10 or 20 days treatment) or in homogenates of  
pooled testes from several animals (see Experimental). 
Mean ___ SEM is shown of  results from 3 individual animals 
or 3 separate pools of  testes in each group. Groups with 
different letter superscripts were significantly (P <0.05) 

different. 

(Fig. 3B). From 1 to 10 days there was a further 
13-fold increase in activity but between 10 and 
20 days of treatment there was a marked decline 
in 170c-hydroxylase activity to the levels seen 
after 1 and 3 days of treatment. 

(iv) 17-Ketosteroid reductase. Treatment of 
hpg mice with LH had no effect on 17-keto- 
steroid reductase activity up to 3 days (Fig. 3C). 
Between 3 and 10 days there was an 18-fold 
increase in activity although this activity de- 
clined again by 65% between days 10 and 20 of 
treatment. 

(v) 5~-Reductase. Activity of 50~-reductase in 
the hpg testis was unaffected by treatment with 
LH for 1 day but showed a 3-fold increase 
between 1 and 3 days (Fig. 3D). By 10 days the 
activity was similar to that seen in a normal 
adult animal (see Table 1). Between 10 and 20 
days, however, activity declined again to the 
levels seen in control hpg animals. 

DISCUSSION 

In the Leydig cell, production of testosterone 
from pregnenolone depends upon the action of 
CSCC within the mitochondria and a further 
3 enzymes associated with the ser; 3flHSD, 
l%t-hydroxylase and 17-ketosteroid reductase. 
Results described here show that in the hpg 
mouse testis, which lacks endogenous gonado- 

trophin stimulation during development, activi- 
ties of all three enzymes associated with the ser 
are present indicating that the gonadotrophins 
are not required for at least a basal expression 
of their activity. Both 17~-hydroxylase and 17- 
ketosteroid reductase activities were extremely 
low, however, demonstrating that these enzymes 
are highly dependent upon the action of one or 
both of the gonadotrophins. In contrast, 
3/~HSD activity was relatively high in the con- 
trol hpg mouse testes. The number of Leydig 
cells in an hpg testis is unknown but is likely to 
be lower than in a normal testis since Leydig cell 
number goes through a marked increase around 
the time of puberty, at least in the rat [15]. Thus 
activity of 3/~HSD per Leydig cell may be close 
to normal in the hpg mouse. This suggests 
that expression of 3/3HSD activity contains a 
component which is largely independent of 
the action of the gonadotrophins. In the rat, 
withdrawal of LH from the adult animal using 
steroid implants causes a significant decrease 
in activity of steroidogenic enzymes with the 
exception of 3/~HSD activity which remains 
unchanged [3, 16]. Similarly, testicular 3/3HSD 
appears to be relatively resistant to hypophysec- 
tomy[1,3] although some reports show a 
marked decline in activity [17, 18]. These results 
and studies reported here suggest that activity of 
3/~HSD in the testis may either be largely 
constitutively expressed or regulated by factors 
other than the pituitary hormones. 

In contrast to other enzymes studied CSCC 
was undetectable in control hpg testes. The 
method used to measure CSCC activity is not 
ideal for use in the mouse since, unlike the rat, 
the affinity of the mouse CSCC enzyme for 
25-hydroxycholesterol is not as high as for the 
endogenous substrate[19]. This method was 
used, however, since hydroxylated sterols have 
advantages over cholesterol in the measurement 
of CSCC activity [19, 20] and other straightfor- 
ward methods of measuring CSCC in the rat are 
not applicable to the mouse [21]. The lack of 
detectable CSCC in the control hpg testes 
should not, therefore, be taken to indicate that 
activity is absent in these animals. These results 
clearly show, nevertheless, that in the absence of 
significant gonadotrophin stimulation during 
development expression of CSCC is extremely 
low. This is in contrast to Leydig cells from 
normal adult mice which continue to express 
CSCC activity in culture in the absence of 
hormonal stimulation [22]. It is possible, there- 
fore, that constitutive expression of significant 
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Fig. 3. Effect of LH treatment on steroidogenic enzyme activity in the hpg mouse. Animals (3 per group) 
were injected with LH for up to 20 days and activity of 3flHSD (A), 17=-hydroxylase (B), 17-ketosteroid 
reductase (17KSR) (C) and 5~t-reductase (D) measured. Control animals were treated with saline for 10 
days, there was no significant difference between control hpg animals and animals treated with saline (data 
not shown). The mean + SEM is shown. Groups, within each enzyme studied, with different letter 

superscripts were significantly (P < 0.05) different. 

CSCC activity in mouse Leydig cells is depen- 
dent upon prior exposure of  the cells to gonado- 
trophin. Results described here also show that 
CSCC activity in the hpg testis is highly sensitive 
to the effects of  LH with a marked increase 
( >  12-fold) in activity within 24 h of  injection. 

In early studies by Purvis et al. [2] it was 
demonstrated that hypophysectomy causes a 
rapid decline in 17at-hydroxylase activity in the 
rat testis and that hCG could restore activity. 
More recently it has been shown using mouse 
Leydig cell cultures that LH or cyclic A M P  is 
required to induce and maintain 17~-hydroxyl- 
ase activity [22, 23]. Results reported here show 
that there is a very low level of  17ct-hydroxylase 
activity expressed in the absence of  gonado- 

trophins and that the Leydig cells of  the hpg 
testis are highly sensitive to the effects of  LH 
since there was an 11-fold increase in activity 
after 1 day of  treatment. These results show that 
the two cytochrome P-450 enzymes studied, 
CSCC and 17~t-hydroxylase, are highly depen- 
dent upon LH for activity and are also highly 
sensitive to the effects of  the hormone despite 
the lack of  exposure to endogenous LH during 
development. 

17-Ketosteroid reductase activity in the hpg 
testis was less sensitive to the effects of  LH than 
CSCC or 17at-hydroxylase, a significant increase 
in activity only being detectable after 3 days. 
The magnitude of  this response to LH was, 
however, considerably greater in the hpg testis 
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than in testes of the hypophysectomized rat [2]. 
The lack of sensitivity of 17-ketosteroid re- 
ductase to hCG in the hypophysectomized rat 
may indicate a species difference or that other 
pituitary hormones play a synergistic role, along 
with LH, in controlling 17-ketosteroid reductase 
activity. 

In the rat 5~-reductase activity shows a highly 
age-dependent pattern of expression with a peak 
of activity around 30 days [24]. Chase and 
Payne [25] have also shown that in the mouse 
there is increased Leydig cell production of 
androstanediol around this time. Results re- 
ported here confirm that testicular 5~-reductase 
activity is nine times higher in the pubertal 
mouse than in the adult animal. Following 
EDS-induced destruction of Leydig cells in the 
adult rat the regenerating population of Leydig 
cells show a pattern of 5~t-reductase activity 
similar to that seen in pubertal animals [26, 27]. 
This has led to the suggestion that during 
testicular development there is predetermined 
regulation of 5~-reductase. Results from the 
present study show that LH treatment of hpg 
animals will increase 5~-reductase activity but 
only to levels seen in the adult and not to those 
of the pubertal animal. LH has been shown to 
regulate 5ct-reductase activity in immature 
rats [28-30] and the increased activity may be 
due to direct effects of LH or to an increase in 
Leydig cell number (see below). There is no 
evidence, however, from these studies of high 
constitutive expression of 50t-reductase during 
Leydig cell development. 

After 10 days treatment of hpg mice with LH 
there is evidence of Leydig cell hyperplasia [9] 
and it may be expected that Leydig cell number 
will increase during this time. It is likely that the 
early effects of LH, seen after 1 and 3 days, are 
due, largely, to changes in enzyme activity per 
cell. Later changes in enzyme activity after 10 
days may be partly due, in contrast, to changes 
in cell number. It is possible, therefore, that 
the 6-fold increase in 3flHSD activity after 
20 days treatment is due to increased Leydig 
cell number. If the increased activity of this 
enzyme is assumed to be due entirely to changes 
in Leydig cell number this sets a possible 
limit for the increase in cell number of 6-fold. 
The significantly greater effects of LH on 
CSCC, 17~-hydroxylase and 17-ketosteroid 
reductase over 10 days are, therefore, much 
more likely to be due to changes in activity per 
Leydig cell rather than simply changes in cell 
number. 

Between 10 and 20 days of LH treatment 
there was a decline in activity of the 
steroidogenic enzymes with the exception of 
3flHSD. This effect may be due to any of several 
possible mechanisms including desensitization 
of the testis to LH, development of anti-LH 
antibodies or down regulation by high intra-tes- 
ticular androgen concentrations. Treatment of 
rats with high doses of LH or hCG profoundly 
inhibits testicular steroidogenesis and decreases 
the activity of 17ct-hydroxylase [13, 31, 32]. 
These effects tend to be rapid, however, and it 
is likely that they would be manifest before 10 
days. In addition, it remains to be shown 
whether mouse testes are desensitized over the 
long term by treatment with LH or hCG. The 
decline in enzyme activity in the hpg testis 
between 10 and 20 days of LH treatment may, 
alternatively, be due to development of anti- 
bodies to the injected ovine LH. Neutralization 
of the injected LH would explain the decline in 
activity of most of the steroidogenic enzymes 
while the maintenance of 3flHSD activity may 
be due to the insensitivity of this enzyme to 
changes in circulating LH. A third factor which 
may cause an inhibition of enzyme activity is 
variation in intra-testicular androgen levels. 
Treatment of hpg animals with LH for 10 days 
causes a marked rise in intra-testicular andro- 
gen [9] and it is known that androgens show 
receptor-mediated, inhibitory effects on testicu- 
lar steroidogenesis [33-35]. This effect is well 
described for 17~-hydroxylase [36] although it 
is unclear to what extent other enzymes 
are affected by changes in intra-testicular 
androgens. 

Of the enzymes required for testosterone bio- 
synthesis only 3flHSD activity reached appar- 
ently normal levels after the treatment regime 
used in this study. This failure to reach normal 
levels is likely to be due to one or more of 
several factors including hormone concen- 
tration, injection frequency and requirement for 
FSH. Variations in dose and injection frequency 
have been shown to have marked effects on the 
responsiveness of the hpg pituitary and gonads 
to GnRH [7] and it is likely that these factors 
will affect testicular responsiveness to the gon- 
adotrophins. It is unlikely that FSH has direct 
effects on steroidogenic enzyme activity since, 
with the exception of 17KSR, all of the enzymes 
required to synthesize testosterone are found, 
almost exclusively, in the Leydig cells of the 
adult testis [37]. Nevertheless, there is convinc- 
ing evidence that FSH will affect Leydig cell 
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activity through action on the Sertoli 
cell [38, 39] and FSH may be required for full 
expression of steroidogenic enzyme activity. 

In summary, these results demonstrate that 
the steroidogenic enzymes show a basal consti- 
tutive level of activity in the mouse Leydig cell 
even without gonadotrophin stimulation during 
development. These results also show that the 
cytochrome P-450 enzymes CSCC and 17c~-hy- 
droxylase are highly sensitive to LH, again 
without prior exposure to the hormone, while 
3flHSD activity appears to be expressed largely 
independently of gonadotrophin stimulation. 

Acknowledgements--This study was supported by grants 
from the Medical Research Council and the Wellcome 
Trust. Supply of hormone by the National Institute of 
Diabetes and Digestive and Kidney Diseases (NIDDK) and 
the National Hormone and Pituitary Program (University 
of Maryland School of Medicine) is gratefully acknowl- 
edged. 

REFERENCES 

1. Samuels L. T. and Helmreich M. L.: The influence of 
chorionic gonadotropin on the 3fl-ol dehydrogenase 
activity of testes and adrenal. Endocrinology 58 (1956) 
435-442. 

2. Purvis J. L., Canick J. A., Latif S. A., Rosenbaum J. H., 
Hologgitas J. and Menard R. H.: Control of cyto- 
chrome P-450 in rat testis mitochondria by human 
chorionic gonadotropin. Archs Biochem. Biophys. 159 
(1973) 39-49. 

3. Wing T. Y., Ewing L. L. and Zirkin B. R.: Effects of 
luteinizing hormone withdrawal on Leydig cell smooth 
endoplasmic reticulum and steroidogenic reactions 
which convert pregnenolone to testosterone. Endocrin- 
ology 115 (1984) 2290-2296. 

4. Wing T. Y., Ewing L. L., Zegeye B. and Zirkin B. R.: 
Restoration effects of exogenous luteinizing hormone 
on the testicular steroidogenesis and Leydig cell ultra- 
structure. Endocrinology 117 (2985) 1779-1787. 

5. Mason A. J., Hayflick J. S., Zoeller R. T., Young W. S., 
Phillips H. S., Nikolics K. and Sceburg T. A.: A deletion 
truncating the GnRH gene is responsible for hypogo- 
nadism in the hpg mouse. Science 234 (1986) 1366-1371. 

6. Cattanach B. M., Iddon C. A., Charlton H. M., 
Chiappa S. A. and Fink G.: Gonadotrophin-releasing 
hormone deficiency in a mutant mouse with hypogo- 
nadism. Nature 269 (1977) 338-340. 

7. Charlton H. M., Halpin D. M. G., Iddon C. A., Rosie 
R., Levy G., McDowell I. F. W., Megson A., Morris 
J. F., Bramwell A., Speight A., Ward B. J., 
Broadhead J., Davey-Smith G. and Fink G.: The effects 
of daily administration of single and multiple injections 
of gonadotropin releasing hormone on pituitary and 
gonadal function in the hypogonadal (hpg) mouse. 
Endocrinology 113 (1983) 535-544. 

8. Sheffield J. W. and O'Shaughnessy P. J.: Effect of 
injection of gonadotrophin releasing hormone on testic- 
ular steroidogenesis in the hypogonadal (hpg) mouse. 
J. Reprod. Fert. 86 (1989) 609-617. 

9. Scott I. S., Charlton H. M., Cox B. S., Grocock C. A., 
Sheffield J. W. and O'Shaughnessy P. J.: Effect of LH 
injections on testicular steroidogenesis, cholesterol side- 
chain cleavage P450 mRNA content and Leydig cell 
morphology in hypogonadal (hpg) mice. J. Endocr. 125 
(1990) 131-138. 

10. O'Shaughnessy P. J. and Sheffield J. S.: Effect of 
testosterone on testicular steroidogenesis in the hypogo- 
nadal (hpg) mouse. J. Steroid Biochem. 35 (1990) 
729-734. 

11. Georgiou M., Perkins L. M. and Payne A. H.: Steroid 
synthesis-dependent, oxygen-mediated damaged of 
mitochondrial and microsomal cytochrome P-450 en- 
zymes in rat Leydig cell cultures. Endocrinology 121 
(1987) 1390-1399. 

12. Rabe T., Rabe D., Bierwirth A.-M. and Runnebaum B.: 
New assays for the enzymatic conversion of cholesterol 
to pregnenolone. Steroids 37 (1982) 555-571. 

13. O'Shaughnessy P. J. and Payne A. H.: Differential effects 
of single and repeated administration of gonadotrophins 
on testosterone production and steroidogenic enzymes 
in Leydig cells. J. Biol. Chem. 257 (1982) 11503-I 1509. 

14. Stalvey J. R. D. and Payne A. H.: Maximal testosterone 
production in Leydig cells from inbred mice relates 
to the activity of 3fl-hydroxysteroid dehydrogenase 
isomerase Endocrinology 115 (1984) 1500-1505. 

15. Tapanainen J., Kuopio T., Pelliniemi L. J. and 
Huhtaniemi I.: Rat testicular endogenous steroids 
and number of Leydig cells between the fetal period and 
sexual maturity. Biol. Reprod. 31 (1984) 1027-1035. 

16. Keeney D. S., Mendis-Handagama S. M. L. C., Zirkin 
B. R. and Ewing L. L.: Effect of long term deprivation 
of luteinizing hormone on Leydig cell volume, Leydig 
cell number, and steroidogenic capacity of the rat testis. 
Endocrinology 123 (1988) 2906-2915. 

17. Hafiez A. A., Philpott J. E. and Bartke A.: The role of 
prolactin in the regulation of testicular function: the 
effect of prolactin and luteinizing hormone on 3fl- 
hydroxysteroid dehydrogenase activity in the testes of 
mice and rats. J. Endocr..50 (1971) 619-623. 

18. Blanco F. L., Fanjul L. F. and Ruiz de Galarreta C. M.: 
The effect of insulin and luteinizing hormone treatment 
on serum concentrations of testosterone and dihy- 
drotestostrone and testicular 3fl-hydroxysteroid dehy- 
drogenase activity in intact and hypophysectomized 
diabetic rats. Endocrinology 109 (1981) 1248-1253. 

19. Quinn P. G., Georgiou M. and Payne A. H.: Differences 
in the control of sterol metabolism between mouse and 
rat Leydig cells. Endocrinology 116 (1985) 2300-2305. 

20. Toaff M. E., Schleyer H. and Strauss J. F. III: Metab- 
olism of 25-hydroxycholesterol by rat luteal mitochon- 
dria and dispersed cells. Endocrinology 111 (1982) 
1785-1790. 

21. Van-Haren L., Cailleau J. and Rommerts F. F. G.: 
Measurement of steroidogenesis in rodent Leydig cells: 
a comparison between pregnenolone and testosterone 
production. Molec. Cell. Endocr. 65 (1989) 157-164. 

22. Anakwe O. O. and Payne A. H.: Noncoordinate regu- 
lation of de novo synthesis of cytochrome P450 choles- 
terol side-chain cleavage and cytochrome P450 
17~-hydroxylase C17_20 lyase in mouse Leydig cell cul- 
tures: relation to steroid production. Molec. Endocr. 1 
(1987) 595-603. 

23. Malaska T. and Payne A. H.: Luteinizing hormone and 
cyclic AMP-mediated induction of microsomal cyto- 
chrome P450 enzymes in cultured mouse Leydig cells. 
J. Biol. Chem. 259 (1984) 11654-11657. 

24. Goldman A. S. and Klingele D. A.: Developmental 
defects of testicular morphology and steroidogenesis 
in the male rat pseudohemaphrodite and response to 
testosterone and dihydrotestosterone. Endocrinology 94 
(1974) 1-16. 

25. Chase D. J. and Payne A. H.: Changes in Leydig cell 
function during sexual maturation in the mouse. Biol. 
Reprod. 29 (1983) !194-1200. 

26. Vreeburg J. T. M., Ooms M. P., Rommerts F. F. G. and 
Teerds K. J.: Functional properties of developing rat 
Leydig cells after treatment with ethylene dimethane- 
sulphonate (EDS). J. Reprod. Fert. 84 (1988) 63-69. 



928 PETER J. O'SHAUGHNE~Y 

27. Myers R. B. and Abney T. O.: Testosterone and 
androstanediol production by regenerating Leydig cells 
in the ethylene dimethane sulphonate-treated mature 
rat. Int. J. Androl. 13 (1990) 4-16. 

28. Moger W. H. and Armstrong D. T.: Steroid metabolism 
by the immature rat testis. Can. J. Biochem. 52 (1974) 
744-750. 

29. Nayfeh S. N., Coffey J. C., Hansson V. and French 
F. S.: Maturational changes in testicular steroidogene- 
sis: hormonal regulation of 5ct-reductase. J. Steroid 
Biochem. 6 (1975) 329-335. 

30. Murono E. P. and Payne A. H.: Testicular maturation 
in the rat. In vivo effect of gonadotropin on 
steroidogenic enzymes in the hypophysectomized imma- 
ture rat. Biol. Reprod. 20 (1979) 911-917. 

31. Payne A. H., Wong K-L and Vega M. M.: Differential 
effects of single and repeated administration of gonado- 
tropins on luteinizing hormone receptors and testoster- 
one synthesis in two populations of Leydig cells. J. Biol. 
Chem. 255 (1980) 7118-7122. 

32. Nozu L., Matsuura S., Catt K. J. and Dufau M. L.: 
Modulation of Leydig cell androgen biosynthesis and 
cytochrome P-450 levels during estrogen treatment and 
human chorionic gonadotropin-induced desensitization. 
J. Biol. Chem. 256 (1981) 10012-10017. 

33. Chen Y.-D. I., Shaw M. J. and Payne A. H.: Steroid and 
FSH action on LH receptors and LH-sensitive testicular 

responsiveness during sexual maturation of the rat. 
Molec. Cell. Endocr. 8 (1977) 291-299. 

34. Purvis K., Clausen O. P. F. and Hansson V.: Androgen 
effects on rat Leydig cells. Biol. Reprod. 20 (1979) 
304-309. 

35. Adashi E. Y. and Hsueh A. J. W.: Autoregulation of 
androgen production in a primary culture of rat testic- 
ular cells. Nature 293 (1981) 737-738. 

36. Hales D. B., Sha L. and Payne A. H.: Testosterone 
inhibits cAMP-induced de novo synthesis of Lcydig 
cell cytochrome P-450t7 ~ by an androgen receptor- 
mediated mechanism. 3". Biol. Chem. 262 (1987) 
11200-11206. 

37. O'Shaughnessy P. J. and Murphy L.: Steroidogenic 
enzyme activity in the rat testis following Lcydig cell 
destruction by ethylene-l,2-dimethanesulphonate and 
during subsequent Leydig cell regeneration. J. Endocr. 
131 (1991) In press. 

38. Kerr J. B. and Sharpe R. M.: Follicle-stimulating 
hormone induction of Leydig cell maturation. Endocrin- 
ology 116 (1985) 2592-2604. 

39. Teerds K. J., Closset J., Rommerts F. F. G., de Rooij 
D. G., Stocco D. M., Colenbrander B., Wensing C. J. 
G. and Hennen G.: Effects of pure FSH and LH 
preparations on the number and function of Leydig cells 
in immature hypophysectomized rats. J. Endocr. 120 
(1989) 97-106. 


