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P r e v i o u s  s tud ies  have  d e m o n s t r a t e d  t h a t  the  i n c r e a s e  in n u m b e r  o f  L e y d i g  cells  d u r i n g  p r e p u b e r t a l  
m a t u r a t i o n  resu l t s ,  in p a r t ,  f r o m  the  d i f f e r e n t i a t i o n  o f  m e s e n c h y m a l  p r e c u r s o r s  b e t w e e n  the  s e c o n d  
a n d  f o u r t h  week  o f  p o s t n a t a l  l ife.  A f t e r  c o n v e r s i o n  to i m m a t u r e  L e y d i g  cells,  t h e y  ac t i v e ly  sy n th e s i ze  
t e s t o s t e r o n e ,  b u t  th i s  a n d r o g e n  does  no t  a c c u m u l a t e  b e c a u s e  h igh  5 ~ - r e d u c t a s e  ac t i v i t y  r a p i d l y  
c o n v e r t s  t e s t o s t e r o n e  to  5 ~ - r e d u c e d  m e t a b o l i t e s .  T h e  p r e s e n t  s tud ies  e x a m i n e d  w h e t h e r  the  c o n v e r -  
s ion o f  p r e c u r s o r  cells  to  i m m a t u r e  L e y d i g  cells  in vi tro b y  h u m a n  c h o r i o n i c  g o n a d o t r o p i n  (hCG) ,  
as c h a r a c t e r i z e d  by  p r o g r e s s i v e  i n c r e a s e s  in t e s t o s t e r o n e  f o r m a t i o n  a n d  5 - e n e - 3 f l - h y d r o x y s t e r o i d  
d e h y d r o g e n a s e - i s o m e r a s e  (3 f l -HSD)  ac t iv i ty ,  is a s s o c i a t e d  s i m i l a r l y  wi th  an  e n h a n c e d  s t i m u l a t i o n  
o f  5 ~ - r e d u c t a s e  ac t iv i ty .  We also e v a l u a t e d  w h e t h e r  th is  c o n v e r s i o n  o c c u r s  fo l lowing  b l o c k a d e  o f  
d i h y d r o t e s t o s t e r o n e  ( D H T )  f o r m a t i o n  by  the  i n c lu s io n  o f  a 5 ~ - r e d u c t a s e  i n h i b i t o r  d u r i n g  the  e n t i r e  
t r e a t m e n t  p e r i o d .  P r e c u r s o r  cells  w e r e  i so l a t ed  f r o m  i m m a t u r e  r a t s  us ing  a m u l t i - s t e p  p r o c e d u r e  
n o r m a l l y  u se d  to  i so la te  h igh ly  p u r i f i e d  L e y d i g  cells  f r o m  a d u l t  o r  i m m a t u r e  ra t s .  T h e s e  cells  
loca l ize  in a r e g i o n  o f  l o w e r  d e n s i t y  on  P e r c o l l  g r a d i e n t s  t h a n  L e y d i g  cells. A l t h o u g h  the  acu t e  (3 h) 
r e s p o n s e  to h C G  wi th  r e s p e c t  to  t e s t o s t e r o n e  f o r m a t i o n ,  a n d  basa l  3 f l -HSD a n d  5 ~ - r e d u c t a s e  
ac t iv i t i e s  on  d a y  1 o f  c u l t u r e  w e r e  m u c h  h i g h e r  in p u r i f i e d  L e y d i g  cells t h a n  p r e c u r s o r  cells f r o m  
i m m a t u r e  ra t s ,  t he  r e s p o n s e  o f  e ach  p a r a m e t e r  to  c h r o n i c  (6 -day)  t r e a t m e n t  wi th  h C G  was m u c h  
g r e a t e r  in p r e c u r s o r  cells. F u r t h e r m o r e ,  t he  c o n v e r s i o n  o f  p r e c u r s o r  cells  to  i m m a t u r e  L e y d i g  cells  
o c c u r r e d  in the  p r e s e n c e  o f  a 5 ~ - r e d u c t a s e  i n h i b i t o r  d u r i n g  the  e n t i r e  t r e a t m e n t  p e r i o d ,  sugges t ing  
t h a t  th is  c o n v e r s i o n  o c c u r s  in the  a b s e n c e  o f  D H T .  T h e s e  r e su l t s  d e m o n s t r a t e  f o r  the  f i r s t  t i m e  t h a t  
in a d d i t i o n  to  i n c r e a s e d  t e s t o s t e r o n e  b i o s y n t h e s i s  a n d  3 f l -HSD ac t iv i ty ,  t he  c o n v e r s i o n  o f  p r e c u r s o r  
cells  to  i m m a t u r e  L e y d i g  cells, in vitro, in r e s p o n s e  to  c h r o n i c  h C G  t r e a t m e n t ,  invo lves  e n h a n c e d  
5 ~ - r e d u c t a s e  ac t iv i ty .  
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INTRODUCTION 

During fetal development and progressing through 
sexual maturation, rat Leydig cells exhibit three major 
stages of differentiation and change in functional 
activity [1]. Around day 15-16 of gestation, fetal 
Leydig cells appear and begin to secrete testosterone 
which functions to stabilize male reproductive struc- 
tures [2]. Following birth fetal Leydig cells regress, and 
this is associated with a corresponding decline in 
circulating testosterone levels [3], although it has been 
reported that fetal Leydig cells actually persist in adult 
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animals [4]. Around 14-28 days following birth, a 
second generation of Leydig cells appear, mainly 
through differentiation from mesenchymal precursor 
cells localized within the interstitium [5]. Following 
their appearance and to approx. 40 days of age, these 
immature Leydig cells actively synthesize testosterone; 
however, testosterone does not accumulate and is not 
secreted because high testicular 5~-reductase activity 
rapidly converts this androgen to 5or-reduced metab- 
olites [6, 7]. Testosterone levels progressively increase 
after about 40 days of age because of the progressive 
decline in 5ct-reductase activity [6, 7]. Th e  third (adult) 
stage of Leydig cell differentiation occurs after about 60 
days of age when 5e-reductase activity has declined to 
a very low level and testosterone becomes the primary 
androgen secreted [8]. 
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With earlier methods to prepare an enriched 
population of Leydig cells, collagenase dispersed inter- 
stitial cells from adult rats were centrifuged on Percoll 
density gradients alone [9]. This  method yielded 
a Leydig cell fraction ( ~ 6 0 - 7 0 %  Leydig cells) which 
localized at a density of --~ 1.07 g/ml. Using the same 
isolation procedure for immature rats, we recently 
reported that Leydig cells of similar purity could 
be isolated from the same density region, but, in 
addition, Leydig cell precursors localized at a lower 
density region (density ~ 1.05 g/ml) [10]. These cul- 
tured precursor cells exhibited enhanced 5-ene- 
3fl-hydroxysteroid dehydrogenase-isomerase (3fl- 
HSD)  activity following chronic treatment with human 
chorionic gonadotropin (hCG) [10]. More recently, 
a multi-step procedure has been described in which 
collagenase-dispersed interstitial cells are subjected 
to elutriation, and the cells retained at a set rotor 
and pump speed are centrifuged on a self-generated 
Percoll gradient [11]. In adult rats this procedure 
yields highly purified Leydig cells ( > 9 6 %  pure), 
which localize at a density of 1.068 g/ml and higher 
[11 ]. When this procedure for isolating purified Leydig 
cells was applied to immature rats, it was reported that 
in addition to highly purified immature Leydig cells, 
localizing at a density > 1.070 g/ml, precursor cells 
could be isolated at a lower density region (between 
1.064-1.070 g/ml) [12]. In that study the inclusion of 
dihydrotestosterone ( D H T )  at a high concentration 
enhanced the effect of L H  in stimulating cultured 
precursor cell conversion to immature Leydig cells, 
as reflected by their increased capacity to synthesize 
testosterone [12]. 

In the present studies we re-evaluated the role 
of L H / h C G  in stimulating the conversion of 
precursor cells to immature Leydig cells using the 
multi-step procedure to isolate both cell types. Basal 
and hCG-st imulated testosterone formation and 3fl- 
H SD  activity in both cultured precursor and purified 
Leydig cells from immature rats were first evaluated. 
We also examined whether the hCG-st imulated con- 
version of precursor cells to immature Leydig cells was 
associated with a significant increase in 5a-reductase 
activity, which is a prominent  feature of immature 
Leydig cells. 

M A T E R I A L S  A N D  M E T H O D S  

Animals 

Immature Charles-Dawley rats were purchased from 
Charles-Rivers Labs (Raleigh, NC, U.S.A). Animals 
were maintained in an AAALAC-accredited facility in 
compliance with the Guide for the Care and Use of 
Laboratory Animals. Animals were 24-25 days of age at 
the time of sacrifice. They  were first rendered uncon- 
scious in a CO2-saturated chamber, then killed by 
decapitation between 0800-0900 h. These procedures 
were approved by the local animal studies committee. 
Testes were excised and set at 4°C prior to dissociation 
with collagenase. 

Reagents 

Collagenase (Type 1), hCG,  penicillin G, strepto- 
mycin, bovine serum albumin (BSA, RIA grade) and 
N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid 
(Hepes) were from Sigma Chemical Co., (St Louis, 
MO,  U.S.A.). Instant thin-layer chromatography 
sheets ( I T L C )  were from Gelman Sciences (Ann 
Arbor, M1, U.S.A.). Th e  5~-reductase inhibitor, 
4-methyl -4-aza-3-oxo-5a-pregnan-20(s) -carboxyla te  
(4-MAPC), was kindly provided by Merck, Sharp and 
Dohme, (Rahway, N J, U.S.A.). Reagent grade organic 
solvents were from Fisher Scientific Co. (Atlanta, 
GA, U.S.A.). Dulbecco's modified Eagle's medium 
(DMEM),  Ham's F-12 nutrient mixture (F12), and 
NaHCO3 were from GIBCO BRL (Grand Island, NY, 
U.S.A.). Percoll was from Pharmacia Co., (Piscataway, 
NJ, U.S.A.). [1, 2, 6, 7,3H]testosterone (99 Ci/mmol), 
[7-3H] testosterone (25 Ci/mmol), [4-14C]DHT 
(58 mCi/mmol),  [7-3H]pregnenolone (23 Ci/mmol) and 
[4-14C]progesterone were from Dupont  (NEN) Co., 
(Boston, MA, U.S.A.). 5a-[ la ,2a(n)-3H]Androstane - 
3~,17fl-diol (3c~-diol, 40Ci/mmol)  and 5~-[l~,2~(n)- 
3H]androstane-3fl; 17fl-diol (3fl-diol, 40 Ci/mmol) 
were from Amersham Corp., (Arlington Heights, IL,  
U.S.A.). Unlabeled steroids were from Steraloids, 
(Wilton, N H ,  U.S.A.). 

Isolation of interstitial cell fractions 

Collagenase-dispersed interstitial cells were frac- 
tionated by elutriation and Percoll gradient centri- 
fugation of cells retained at a pump setting and rotor 
speed of 16ml/min and 2000rpm,  respectively, as 
described previously [11] but with modifications 
[13]. For our initial experiments the pump speed 
was first set at 8ml /min  and later increased to 
16ml/min, and cells eluting at both settings were 
saved. In later experiments, the pump speed was 
increased immediately to 16ml/min, and the eluted 
cells were saved. The  cells retained at this pump setting 
and a rotor speed of 2000 rpm were centrifuged on 
a 60% self-generating Percoll gradient. The  cells 
localizing at a density of 1.068 g/ml or higher were 
saved as the purified Leydig cell (P2) fraction [11]. 
They  represented 96 + 10/o Leydig cells based on 
histochemical staining for 3f l -HSD [14]. Cells localiz- 
ing at a density below 1.068 g/ml were identified as 
the P1 fraction [11]. In later experiments the P1 
fraction was divided into two separate subfractions. 
The  P la  subfraction represented cells localizing at 
a density < 1.049 g/ml, while the P l b  subfraction rep- 
resented heavier cells localizing between densities 
of 1.049 and 1.068 g/ml. When we estimated the per- 
centage of Leydig cells localizing in these fractions, 
the 8 and 8 -16ml /min  (16ml/min) elutriated frac- 
tions and P1 fraction contained 5.1 +0 .8 ,  3.7 +0 .6  
and 5.0 + 1.0% Leydig cells, respectively, based on 
positive staining for 3f l -HSD, while the P l a  and 
P l b  subfractions contained 3.0 + 0.6 and 13.5 + 1.9°Jo 
Leydig cells, respectively. 
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Table 1. Localization of 3~-HSD and 5c~-reductase activities of interstitial cells 
fractionated by elutriation and Percoll gradient centrifugation 

nmol/30 min/105 cells 

Enzyme 
activity 8 ml /min  16 ml /min  P 1 P2 

3/3-HSD 0.018 + 0.001 0.008 + 0.002 0.061 + 0.002 0.397 + 0.001 
5~-Reductase 0.024 + 0.002 0.008 + 0.002 0.020 + 0.001 0.185 + 0.23 

Enzyme activities were determined on day 1 of culture. Each value represents the 

mean + SEM of three separate determinat ions from a single experiment  and are 
representative of three separate studies. 

Culture of interstitial cell fractions 

The  cellular fractions isolated by elutriation 
and Percoll gradient centrifugation of collagenase- 
dispersed interstitial cells were cultured at a concen- 
tration of 1 × 105/ml of  D M E M - F 1 2  (1:1 mixture) 
med ium containing 1 5 m M  Hepes buffer, p H  7.4, 
1.2 g/1 NaHCO3,  100 U/ml  penicillin G, 100pg/ml  
s t reptomycin and 0.1% BSA as described previously 
[13]. Twen ty  four hours after plating cells were gently 
flushed with the original culture medium,  and fresh 
med ium was added to remove unattached cells and 
cellular debris. T rea tmen t  was initiated and continued 
for varying periods of t ime as described in the legend 
for each experiment.  For extended cultures, fresh 
media were added and cells retreated every other day 
of culture. 

3 ~ - H S D  and 5~-reductase assays on cultured cells and 
quantitation of testosterone 

3/~-HSD activity in cultured cells was determined 
by moni tor ing the conversion of [3H]pregnenolone 
to [3H]progesterone as described previously [15]. 
5~-Reductase activity in cultured cells was determined 
by monitor ing the conversion of [3H]testosterone to 
[3H]DHT and [3H]3~-diol and [3H]3/~-diol as de- 
scribed previously [16]. Testosterone released into the 
culture med ium was quanti tated by radioimmunoassay 
as described previously [17]. 

R E S U L T S  

Localization of 3 ~ - H S D  and 5~-reductase activities in 
cultured interstitial cell fractions 

We first established the localization of 3 ~ - H S D  
and 5~-reductase activities in various fractions iso- 
lated using the mult i -s tep procedure  to isolate Leydig 
cells. 3 / / -HSD activity on day 1 of culture in the 
P2 fraction, which contains ,~96% Leydig cells, was 
0.397 + 0.001 nmol progesterone/30 min/10 s cells on 
day 1 of  culture (Table 1). This  activity was --~7-fold 
higher than the activity in the P1 fraction. 3/~-HSD 
activity in the 8 and 8-16 ml /min elutriated fractions 
were even lower than the activity in the P1 fraction. 
5~-Reductase activity in each fraction was similar to 
the pat tern exhibited by 3/3-HSD, with the highest 
activity (0.185 + 0.023 nmol D H T  + 3~ + 3/3-diol/ 
30 min/105 cells) in P2 cells on day 1 of  culture. This  
activity was 8- to 9-fold higher than the activity in 

the 8 and 8 - 1 6 m l / m i n  elutriated fractions and in P1 
cells. 

Basal and acute hCG-stimulated testosterone formation 
in cultured interstitial cell fractions 

Basal and 10 m I U / m l  hCG-s t imula ted  testosterone 
released into the medium of interstitial cell fractions 
were evaluated following an acute (3 h) exposure period 
on day 1 of culture. Cells were treated with 0.5/~M 
4 - M A P C  during the t reatment  period to block 5~- 
reductase activity and prevent  testosterone metabolism. 
In  prel iminary studies, this concentrt ion of 4 - M A P C  
completely blocked 5~-reductase activity in cultured 
Leydig cells f rom immature  rats. 

Basal testosterone formation was 0.041 + 0.008 ng/ 
3 h/105 cells or less in all fractions (Table 2). Tes tos ter -  
one levels increased in each fraction in response to 
hCG;  however,  the highest response was observed 
in P2 cells, which was more than 9-fold higher than 
testosterone formation by cultured P1 cells. These  
studies demonstrate  that testosterone response to acute 
h C G  stimulation in each fraction directly correlates 
with the percentage of Leydig cells localizing in that 
fraction. 

Basal and chronic hCG-stimulated testosterone formation 
in cultured interstitial cell subfractions 

Testosterone levels in control cells eluting at 
8 ml /min and between 8-16 ml /min were undetectable 
during the entire 6-day t reatment  period [Fig. 1 (A, B, 
and C)]. T rea tmen t  with h C G  increased testosterone, 
but levels were below 2 and 1 ng/ml for cells eluted 

Table 2. Basal and acute testosterone response to hCG 
of cultured interstitial cell fractions isolated during 

multi-step purification of Leydig cells 

ng Testosterone/3h/105 cells 

Fract ion Control  + hCG 

8 ml /min  0.035 + 0.026 0.266 + 0.093 
16 ml /min  0.011 + 0.007 0.054 + 0.026 
P1 0.015 + 0.005 0.370 + 0.152 
P2 0.041 + 0.008 3.407 + 0.698 

Media were changed on day 1 of culture and fresh media 
added. Cells were treated without  or with 10 m I U / m l  
h C G  for 3 h following addit ion of 0 .5/aM 4 -MAPC to 
block testosterone metabol ism to 5~-reduced metab- 
olites. Testosterone released into the medium was 
quanti tated by radioirnmunoassay. Results  are the 
mean + SEM of three separate experiments.  
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Fig. 1. Basa l  a n d  h C G - s t i m u l a t e d  t e s t o s t e r o n e  f o r m a t i o n  in c u l t u r e d  in t e r s t i t i a l  cell f r a c t i o n s  f r o m  i m m a t u r e  
r a t  testes .  Cells we re  c u l t u r e d  in the  p r e sence  of  0.5/~M 4 - M A P C  to block t e s t o s t e r o n e  m e t a b o l i s m .  Cells we re  
t r e a t e d  w i th  10 m I U / m l  h C G  on days  1, 3, and  5 of  cu l tu re .  T e s t o s t e r o n e  re leased  in to  the  m e d i u m  was  
q u a n t i t a t e d  by r a d i o i m m u n o a s s a y .  E a c h  va lue  r e p r e s e n t s  the  m e a n  + S E M  of  t h r e e  s e p a r a t e  cu l t u r e  wells  
f r o m  a s ingle e x p e r i m e n t ,  a n d  the  r e su l t s  a re  r e p r e s e n t a t i v e  o f  t h r ee  s e p a r a t e  e x p e r i m e n t s .  O p e n  
b a r s  = u n t r e a t e d  con t ro l s  o f  each f r ac t i on  (values  were  too low to visual ize  us ing  the  above  scale); solid 

b a r s  = + hCG.  

at 8ml /min  and between 8-16ml/min,  respectively, 
during the entire treatment period. Testosterone levels 
were <0.1 ng/105 cells in control P1 cells following 
2 days of culture [Fig. 1, (A)] but were undetectable 
during the later days of culture [Fig. I(B and C)]. In 
response to hCG,  testosterone level was 7.5 + 0.5 ng/ 
105 cells following 2 days of treatment; however, levels 
increased to 5 0 . 3 + 1 . 3  and 7 1 . 6 + 2 . 9 n g / 1 0  s cells 
following 4 and 6 days of treatment, respectively. The 
latter was nearly 10-fold higher than cells treated for 
2 days with hCG. The testosterone level in control 
P2 cells on day 2 was < 0.2ng/10 s cells, and levels 
remained below 0.3 ng on days 4 and 6. In response to 
hCG, the testosterone level on day 2 of treatment was 
37 .9+  1.1 ng, and levels increased to 80.1 + 3.2 and 
86.2 + 10.4 ng on days 4 and 6 of treatment, respect- 
ively. The  latter was approx. 2-fold higher than testos- 
terone levels of P2 cells treated for 2 days with hCG. 
These results and those from the acute response to 
hCG (Table 2) demonstrate that although purified 
immature Leydig cells produce much higher levels of 
testosterone following acute (3 h) exposure to hCG, 
cultured P1 cells exhibit a much greater progressive 
increase in testosterone formation following extended 
exposure to hCG. 

Basal and hCG-stimulated testosterone in cultured P1 
sub fractions 

The preceding study demonstrated that although 
hCG-stimulated testosterone was significantly higher 
in P2 cells following 2 days of treatment, testosterone 
levels of P1 cells approached those of P2 cells as the 

treatment period increased to 4 and 6 days. In the 
previous studies, we collected all of the cells localizing 
at a density below 1.068 g/ml; however, cells within this 
area of Percoll gradient actually localize in two separate 
regions. One is a narrow band of cells localizing at a 
density below 1.049g/ml (Pla) and the other is a 
broader band localizing between densities of 1.049 and 
1.068 g/ml (Plb). These cells were separated and cul- 
tured in the presence of 0.5 # M  4-MAPC.  Basal and 
hCG-stimulated testosterone levels were determined 
following 2 to 6 days of treatment to determine whether 
the more responsive cells could be localized within a 
more defined region. Untreated P la  and P l b  cells 
produced very little testosterone during the entire 
observation period (all values were < 0.5 ng/105 cells) 
(Fig. 2). In response to hCG,  P la  cells produced 
8.1 +0.3ng/105 cells following 2 days of treatment. 
Testosterone increased further to 3 1 . 7 + 3 . 3  and 
35.2 + 5.0 ng following 4 and 6 days of treatment, 
respectively. P lb  cells produced 15.8 + 0.8 ng testos- 
terone in response to hCG following 2 days of hCG 
treatment, and levels increased progressively to 
69.8 + 4.8 and 107.0 + 6.9 ng following 4 and 6 days of 
treatment, respectively. These results suggest that the 
more responsive cells are concentrated in the P lb  
subfraction, but are not exclusive to this fraction. 

Basal and hCG -stimulated 3 f l -HSD activity in P lb and 
P2 fractions 

The previous study demonstrated that the P l b  
subfraction exhibited greater responsiveness to chronic 
hCG treatment with respect to testosterone formation. 
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wel l s  f r o m  a s ing l e  e x p e r i m e n t ,  a n d  t h e  r e s u l t s  a r e  r e p r e s e n -  
t a t i ve  o f  t h r e e  s e p a r a t e  e x p e r i m e n t s .  O p e n  c i r c l e s  = c o n t r o l s ;  
so l id  c i r c l e s  = + h C G .  (A) P l a  f r a c t i o n ;  (B)  P l b  f r a c t i o n .  
a p < 0.05 w h e n  c o m p a r e d  to  d a y  0 c o n t r o l ;  b p < 0.01 w h e n  

c o m p a r e d  to  d a y  0 c o n t r o l  o r  c o n t r o l s  o f  s a m e  p e r i o d  o f  

t r e a m e n t .  

We next compared basal and hCG-s t imula ted  3/3-HSD 
activity of  P l b  and P2 cells following 0 to 6 days of  
t reatment.  Basal 3/3-HSD activity of  P l b  cells on day 
0 of  t reatment  was 0.038 + 0.002 nmol/30 rain/105 cells 
[Fig. 3(A)]. Activity did not decline during the next 
6 days of  culture. In  contrast,  t reatment  with h C G  
increased 3/3-HSD activity to 0.061 + 0.001 (P < 0.05), 
0.151 + 0.003 (P < 0.01) and 0.267 + 0.015 nmol fol- 
lowing 2, 4, and 6 days of  t reatment,  respectively, when 
compared  to day 0 control. Activity in cells treated for 
6 days with h C G  was 6- to 7-fold higher than day 0 
or 6-day controls. Both control and hCG- t rea ted  
cells received 0.5/~M 4 - M A P C  to block testosterone 
metabolism, so that these changes occurred in the 
absence of D H T .  In  a previous study using precursor  
cells isolated f rom immature  rats on Percoll density 
gradients alone, we showed that this increase in 313- 
H S D  activity was, in part,  due to an increase in positive 
3/3-HSD staining cells in response to h C G  [10]. 

Basal 3/3-HSD activity of P2 cells on day 0 
was 0.567 + 0.029 nmol/30 min/105 cells [Fig. 3(B)]. 
Activity did not increase in these control cells during 
the entire 6-day t reatment  period. In  contrast  to P l b  
cells, h C G  did not increase 3/3-HSD activity of P2 cells 
during the entire 6-day t reatment  period. 

Basal and hCG-stimulated 5ot-reductase activity in P lb 
and P2  cells 

The  previous study demonstrated that 3/3-HSD 
activity in P l b  cells exhibited much  greater responsive- 
ness to h C G  than purified Leydig cells (P2 cells). 
In the present  study, we evaluated whether  50t- 
reductase in P l b  cells exhibited a similar sensitivity 
to hCG.  5a-reductase activity in P l b  cells on day 0 
was 0.014 + 0.002 nmol D H T  + 3~- +/3-diol/30 min/  
105 cells [Fig. 4(A)]. Activity declined progress-  
ively during the following 6 days of  culture to 
0.002 + 0.001 nmol. Trea tmen t  with h C G  increased 
activity to 0.032 + 0.002 (P < 0.01), 0.053 + 0.001 
(P < 0.01) and 0.057 + 0.001 nmol (P < 0.01), respect- 
ively, when compared to day 0 control or to controls 
of  the same respective period of treatment.  Follow- 
ing 6 days of  t reatment,  5~-reductase activity 
increased more  than 4-fold above day 0 control. 5a-  
Reductase activity in P2 cells on day 0 of  t reatment  
was 0.186 + 0.008 nmol D H T  + 3~- + 3/3-diol/30 min/ 
105 cells [Fig. 4(B)]. Activity declined progressively 
during the following 6 days of  culture, and was 
0.030 + 0.009 nmol on day 6. In  response to hCG,  
5a-reductase activity was higher at each period of 
t reatment  when compared to controls of  the same 
respective time of t reatment  (all P < 0.01); however, 
when compared to day 0 control, activity increased only 
about 30 and 27% following 4 and 6 days of  treatment,  
respectively. 

DISCUSSION 

T h e  present studies demonstrate  that cultured P l b  
cells f rom immature  rat testes, which localize between 
densities of  1.049-1.068g/ml on Percoll gradients, 
exhibit a greater net response to extended h C G  treat- 
ment  with respect to increases in testosterone for- 
mation, 3/3-HSD and 5a-reductase activities than 
purified immature  Leydig cells (P2 cells), al though the 
latter cells exhibit significantly higher basal activities 
and hCG-s t imula ted  testosterone levels following 
shor t - term treatment.  We attribute this enhanced 
response to the presence of precursor  cells in this 
fraction, which are converted to immature  Leydig cells 
in response to chronic h C G  treatment.  T h e  lower net 
response to chronic h C G  in purified immature  Leydig 
cells may be because testosterone synthesizing capacity 
and 3/3-HSD and 5a-reductase activities are near 
maximal levels and cannot be fur ther  stimulated, 
appreciably,  by h C G  under  the present  conditions. 

The  present results confirm a recent study which 
reported that precursor  cells localized in a lower 
density region of Percoll gradients (between densitites 
of  1.064-1.070g/ml),  when collagenase-dispersed 
interstitial cells f rom immature  rats were elutriated and 
centrifuged on self-generated 55% Percoll gradients to 
isolate highly purified immature  Leydig cells [12]. This  
density range is more restrictive, but within the range 
of the present  study. The  present  results also confirm 
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F i g .  3. B a s a l  a n d  hCG-st imulated 3fl-HSD activity of cultured Leydig cell precursors and purified Leydig cells 
from immature  rats. Cells were cultured in the presence of 0.5/JM 4-MAPC to block testosterone metabolism. 
Treated cells received 10 mlU/ml  hCG on days 1, 3, and 5 of culture. 3/~-HSD activity of intact cells was 
d e t e r m i n e d  following 2, 4, or 6 days of treatment.  These results represent the mean + SEM of three separate 
culture wells from a single experiment,  and they are representative of three separate experiments. Open 
circles = controls; solid circles = + hCG. (A) Leydig cell precursors; (B) purified Leydig cells, a p < 0.05 when 
compared to day 0 control or day 2 control; b p < 0.0l when compared to day 0 control or controls of the same 

period of treatment.  

ev idence  for  p r e c u r s o r  cells local iz ing in a lower  dens i ty  
region  of  Perco l l  g rad ien t s  (B2, ~ 1.05 g /ml)  when  
co l l agenase -d i spe r sed  in te rs t i t i a l  cells f rom i m m a t u r e  
rats  were  cen t r i fuged  on a 1 5 - 6 0 %  con t inuous  Percol l  
g rad ien t  a lone to isolate  pur i f ied  L e y d i g  cells [10]. 
In  add i t ion ,  ano the r  s tudy  ident i f ied  i nde t e rmina t e  
connec t ive  t issue cells ( p r o b a b l y  r e p r e s e n t i n g  p r e c u r -  
sor  cells) in a lower  dens i ty  range  of  Percol l  g r ad -  
ients  (be tween  1 . 0 4 4 - 1 . 0 5 9 g / m l )  when  co l lagenase-  
d i spe r sed  in te rs t i t i a l  cells f rom i m m a t u r e  rats  (21-25 
days  of  age) were  cen t r i fuged  on Perco l l  g rad ien t s  
a lone [18]. T h e s e  cells had  the capac i ty  to b i n d  [125I] 
h C G .  

In  the  p re sen t  s tudy  bo th  t e s tos t e rone  f o r m a t i o n  and 
3 f l - H S D  act iv i ty  inc reased  p rogres s ive ly  d u r i n g  the 
6 -day  h C G  t r e a t m e n t  pe r iod .  T h e s e  increases  occu r r ed  
when  cells were  c u l t u r e d  wi th  the  5~ - r educ t a se  
inh ib i to r ,  4 - M A P C ,  d u r i n g  the ent i re  t r e a t m e n t  p e r i o d  
to p r even t  t e s tos te rone  m e t a b o l i s m  and,  thus ,  to b lock  
D H T  format ion .  T h u s ,  in con t ras t  to a p rev ious  s tudy  
where  bo th  exogenous  L H  and D H T  were  r e q u i r e d  
to increase  the  t e s tos te rone  syn thes iz ing  capac i ty  of  
p r e c u r s o r  cells [12], the  p re sen t  changes  occu r red  
in response  to h C G  alone.  Because  the  inc lus ion  of  
4 - M A P C  to cu l tu r ed  p r e c u r s o r  cells resul ts  in the  
a ccumula t i on  of  t e s tos te rone  [20], it  is poss ib le  tha t  
t e s tos te rone  func t ioned  as the  effective a n d r o g e n  ra the r  

than  D H T  in the  p re sen t  s tudies .  T h i s  appears  un l ike ly  
because  a p rev ious  s tudy  d e m o n s t r a t e d  tha t  h igh  levels 
of  t e s tos te rone  had  no effect on 5~ - r educ t a se  ac t iv i ty  
in rat  testes  o f  i m m a t u r e  h y p o p h y s e c t o m i z e d  rats  
[19]. T he re fo r e ,  u n d e r  the  p re sen t  e xpe r ime n t a l  con-  
d i t ions ,  it  appears  tha t  L H / h C G  alone can s t imula te  
the  convers ion  of  p r e c u r s o r  cells to i m m a t u r e  L e y d i g  
cells. 

P rev ious  s tudies  have d e m o n s t r a t e d  tha t  i m m a t u r e  
L e y d i g  cells or ig ina te ,  in par t ,  f rom the  d i f fe ren t ia t ion  
o f  m e s e n c h y m a l  p r ecu r so r s  d u r i n g  a l imi t ed  p e r i o d  of  
m a t u r a t i o n  (be tween  14-28 days  af ter  b i r th )  [5]. I n  
s u p p o r t  of  these  obse rva t ions ,  we r e p o r t e d  tha t  the  
h C G - s t i m u l a t e d  convers ion  of  cu l tu r ed  p r e c u r s o r  
cells cou ld  not  be d e m o n s t r a t e d  af ter  abou t  day  30 
of  m a t u r a t i o n  [10]. Af te r  p r ecu r so r  cells have d i f feren-  
t i a ted  into i m m a t u r e  L e y d i g  cells,  in vivo, they  express  
h igh  5~ - r educ t a se  ac t iv i ty  [6, 7]. I n  the  p re sen t  s tudies  
we d e m o n s t r a t e d  for  the  first  t ime  tha t  the  h C G -  
s t imu la t ed  conver s ion  of  cu l tu r ed  p r e c u r s o r  cells to 
i m m a t u r e  L e y d i g  cells is associa ted  wi th  a p rogress ive  
increase  in 5~ - r educ t a se  act ivi ty ,  wh ich  is s imi lar  to 
the  p rogress ive  increase  in t e s tos te rone  syn thes iz ing  
capac i ty  and 3 f l - H S D  act ivi ty.  T h i s  increase  in 5ct- 
reduc tase  ac t iv i ty  wou ld  p r e c l u d e  app rec i ab l e  a c c u m u -  
la t ion of  t e s tos te rone  in cells s t imu la t ed  wi th  L H / h C G .  
Af te r  p r e c u r s o r  cells have been  conve r t ed  to i m m a t u r e  
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Fig.  4. B a s a l  a n d  h C G - s t i m u l a t e d  5 a - r e d u c t a s e  a c t i v i t y  o f  c u l t u r e d  L e y d i g  cell  p r e c u r s o r s  a n d  p u r i f i e d  L e y d i g  
cel ls  f r o m  i m m a t u r e  r a t s .  T r e a t e d  cel ls  r e c e i v e d  10 m I U / m l  h C G  on  d a y s  1, 3, a n d  5 o f  c u l t u r e .  5 ~ - R e d u c t a s e  
a c t i v i t y  w a s  d e t e r m i n e d  on  i n t a c t  ce l ls  f o l l owi ng  2, 4, a n d  6 d a y s  o f  t r e a t m e n t .  O p e n  c i r c l e s  = c o n t r o l s ;  so l id  
c i r c l e s  = + h C G .  (A) L e y d i g  cel ls  p r e c u r s o r s ;  (B) p u r i f i e d  L e y d i g  cel ls ,  a p < 0.01 w h e n  c o m p a r e d  to d a y  0 

c o n t r o l ;  b p < 0.01 w h e n  c o m p a r e d  to c o n t r o l s  o f  s a m e  p e r i o d  o f  t r e a t m e n t .  

Leydig  cells (P2 cells in the present  study), it appears 
that the main effect of  L H / h C G  is to maintain 5ct- 
reductase activity at a high level characteristic of  imma-  
ture Leydig cells. I t  is still not clear what causes 
the selective decline in 5c~-reductase activity in Leydig 
cells after about 40 days of  age, although a recent study 
suggested that basic fibroblast growth factor may, in 
part,  be involved [21]. 
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