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3f l -Hydroxys tero id  dehydrogenase  (3/J-HSD) is one of  the key enzymes  involved in the s teroidogenic 
pa thway  of  Leydig cells. In this s tudy,  quan t i t a t ive  cy tochemis t ry  was used to detect  the 3~-HSD 
sta ining in tens i ty  in indiv idual  r a t  Leydig cells. The m e a s u r e m e n t  of  the in tens i ty  of  s ta ining was 
a rel iable m e t h o d  reflect ing the relat ive a m o u n t  of  3fl-HSD activity.  The objective was to de t e rmine  
the presence,  basal  and  h C G - m e d i a t e d  effect of  3/J-HSD act ivi ty in indiv idual  Leydig cells. 3/~-HSD 
cy tochemis t ry  was p e r f o r m e d  in both,  8 and  12/~m d i ame te r  r a t  Leydig cells. The resul ts  showed 
tha t  both  popula t ions  of  Leydig cells have different  basal 3/~-HSD activity.  The 8 p m  cells showed 
a g rea te r  basal 3/~-HSD act ivi ty than  the 12/~m cells when thei r  optical  densi ty  values were 
n o r m a l i z e d  to the i r  size. A difference in regula t ion  of  the enzymat ic  act ivi ty by L H / h C G  was 
observed in the two types of  Leydig cells. Incuba t ion  of  the whole popula t ion  of  Leydig cells with hCG 
(IIU), decreased  the 3/~-HSD act ivi ty  in the 8/~m cells, but  increased the act ivi ty  in the 12/ lm cells. 
The resul ts  describe for  the first  t ime  tha t  the 3/I-HSD act ivi ty  m a y  be different ia l ly  regu la ted  by 
L H / h C G  in Leydig  cells. 
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INTRODUCTION 

Steroid synthesis by Leydig cells relies on LH acting 
through the cAMP second messenger system. Based on 
the capacity of Leydig cells to produce testosterone, two 
types of LH/hCG-responsive cells have been found 
previously [1]. These cell populations have been 
classified according to the density of the cells and the 
presence of LH receptors as identified by radioligand 
binding assays. This Leydig cell heterogeneity has been 
discussed at length, and may be due in part to the 
heterogeneous cellular expression of steroidogenic en- 
zymes within these cells [3, 4]. The conversion of preg- 
nenolene to progesterone, which is catalyzed by the 
microsomal enzyme 3fl-hydroxysteroid dehydrogenase 
(3fl-HSD), is considered a key step in the steroidogenic 
pathway. LH is the main pituitary hormone required to 
maintain the level of 3fl-HSD in testicular Leydig cells 
[5], providing evidence that in vivo, one of the trophic 
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effects of LH may be to regulate the expression of 
testicular 3fl-HSD [6]. Recently, studies with cultured 
steroidogenic cells have demonstrated that the ex- 
pression of 3fl-HSD is regulated at least in part at the 
level of gene transcription via a cAMP-dependent sig- 
nalling pathway [7]. 3fl-HSD is also modified by andro- 
gens [8-10], glucocorticoids [8], estrogens [11, 12] and 
opioids [13]. These effects have been observed either 
in vivo [5, 6] or in cell cultures of several steroidogenic 
cells [7-9, 14]. The use of a cytochemical reaction for the 
3fl-HSD has long been recognized as a judgment for 
Leydig cell identification, due to the blue coloration of 
formazan granules formed in the oxidation-reduction 
reaction [15]. Since individual cell methods provide 
advantageous conditions to evaluate responses not de- 
tected in a cell population, in this work, quantitative 
cytochemistry was used to detect the 3fl-HSD staining 
intensity in individual Leydig cells. In rats, two different 
Leydig cell sizes (8 and 12/~m diameter) were found, 
which differed in their basal 3fl-HSD activities. Treat- 
ment with hCG showed a differential regulation of 
enzymatic activity in these two cell types. 
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EXPERIMENTAL 

Chemicals 

Medium 199 and Eagle's minimal essential medium 
(EMEM)  were obtained from Grand Island Pharma- 
ceuticals (NY, U.S.A.). Collagenase was obtained 
from Worthington Biochemicals Co. (Freehold, NJ,  
U.S.A.). Human  chorionic gonadotropin (hCG 
3000IU/mg)  and etiocholan-3fl-ol-17-one (5fl-an- 
drostan-3fl-ol-17-one) and all other chemicals were 
purchased from Sigma Chemical Co. (St Louis, MO, 
U.S.A.). Cyanoketone (Win 19,578) was a gift from 
Sterling Drug  Inc. (U.S.A.). 

Leydig cell preparation 

Adult male Wistar rats (60-65 days old) from our 
colony were used. They  were maintained under  con- 
trolled conditions of 12 h light: 12 h darkness and rat 
chow and water available ad libitum. Animals were first 
anesthetized and killed by decapitation. Testicular cells 
were dispersed by treating the decapsulated testis with 
collagenase, and Leydig cells were subsequently 
purified through a continuous gradient of 10-80% 
Percoll, as described previously [16, 17]. Leydig cell- 
enriched fractions (20 to 24) were pooled, washed and 
resuspended in appropriate volumes of E M E M  con- 
taining 0.1% bovine serum albumin (BSA) pH7.3 .  

Analysis of the staining intensity for the 3fl-HSD by 
cytophotometry 

Leydig cells contained in the purified suspension 
(1 × 10 6 cells) were incubated with a staining solution 
for 3f l -HSD,  containing 1.5 m M  nicotin amide adenine 
dinucleotide (NAD), 0.25 m M  nitroblue tetrazolium 
(NBT)  and etiocholan-3fl-ol-17-one (0 .2raM in 
DMS O)  as substrate in phosphate-buffered saline 
(PBS)-0.1% BSA. The  number  of Leydig cells was 
established by counting the percentage of stained Ley-  
dig cells. Usually, the purified Leydig cells were 
85-90% 3f l -HSD positive, and the viability after the 
whole procedure estimated by either trypan blue or 
pyridine nucleotide exclusion, was 90%. Previously 
counted Leydig cells were incubated for variable times 
with the staining solution. After, cells were fixed in 
formalin-acetic acid (1 : 1, v/v), centrifuged and washed 
twice with 1 ml buffer PBS. Leydig cells were extended 
over a slide, previously cleaned with ethanol-eter  sol- 
ution, and dried at room temperature. Afterwards, 
fixed cells were mounted in Permount  and put  in a 
cytophotometer  Carl Zeiss equipped with an inscriptor 
Servegor RE 511. Transmission lectures of individual 
cells were converted to absorbance by the formula: A 
(Optical De ns i t y )=  log 1/T. The  apparatus was cali- 
brated to 100% transmittance (0% absorbance), with a 
non-stained Leydig cell. Non-stained Leydig cells were 
distinguished from macrophages, by incubation with 
India ink (1 : 100, v/v in PBS) for 15 min at 35°C [18]. 
India ink is specifically incorporated to testicular 

macrophages that are frequently contaminating the 
purified Leydig cell suspensions [19]. The  cytophoto- 
meter contains diaphragms with different diameters. 
Most of the stained Leydig cells fitted exactly into the 
400 and 630/zm diameter diaphragms, corresponding 
to a true cell diameter of 8 and 12/~m, respectively. 
Therefore,  optical density values were measured in cell 
areas of 50.2 and 113 p m  2 for the 8 and 12 # m  diameter 
cells, respectively. 

For  experiments with hCG,  0.5 × 10 6 cells were 
preincubated for 15 min, and then incubated for 3 h 
with 1 IU o f h C G  at 34°C with 95% 02/5% CO2. After 
this time, cells were incubated for 1 h in the staining 
solution, then, observed at the cytophotometer  and 
individual cell transmittance was measured as de- 
scribed. 

Statistics 

Data are expressed as means + SD and differences 
between groups were evaluated by the Student 's  t-test. 
Differences were considered significant if P < 0.05. 
Chi-square tests were performed to compare observed 
population distributions with expected normal distri- 
butions. 

RESULTS 

When purified Leydig cells were incubated with the 
staining solution for 3f l -HSD, a blue coloration of 
formazan granules was observed (Fig. 1). Cell perme- 
abilization was not necessary for the 3f l -HSD staining 
reaction to occur (unpublished data). A low percent of 
non-stained cells could be observed, corresponding to 

Fig. 1. Puri f ied  Leydig  cel ls  were  incubated  with a staining 
solut ion for 3~-HSD for 60 rain at 37°C. Sta ined  Leydig  cell, 
3fl-HSD ( + )  showing a blue co lorat ion of  the f o r m a z a n  
granules;  (a) 8 p m  d iameter  cells,  and (b) 12/~m diameter  
cells, (c) Leydig cell 3~-HSD ( + )  (L), and Leydig  cell 
3~-HSD (--),  non-s ta ined (1), (d) Leydig cell 3~-HSD ( + )  (L), 

and a m a c r o p h a g e  (M). 600 ×. 
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Fig. 2. T ime-cou r se  of  the c y t o c h e m i c a l  react ion  for 3,8-HSD. Pur i f ied  Leydig cells  were  incubated  wi th  the 
s ta in ing solut ion at  37°C for different  per iod  of  t ime.  Resul ts  are expressed  in opt ical  dens i ty  ( a rb i t r a ry  units)  
and  represent  the m e a n  _+ SD of  737 cells o f  8p ro  d i a m e t e r  ob ta ined  f r o m  three independent  exper iments .  

Leydig cells lacking the 3f l -HSD activity and/or other 
types of cells, which are usually located in the intersti- 
t ium of the testes [Fig. 1(c)]. Macrophages were 
distinguished because they showed a black coloration 
resulting from the selective incorporation of the 
black ink [Fig. l(d)]. Stained cells corresponded to an 
89% of the total population (counted cells). Among 
the stained cells, 67% fitted exactly within the 400 # m  
diameter diaphragm, and 12% fitted within the 
630 # m  diameter diaphragm. Thus ,  8 and 12/~m di- 
ameter cells, respectively were observed [Fig. l(a and 
b)]. Approximately 10% of the stained cells showed 
diameters different to those already established, there- 
fore these cells were not included in this study. T o  
establish a relationship between optical density and 
3f l -HSD activity of individual Leydig cells, the 
staining reaction was performed in different exper- 
imental conditions. A time-course study of the stain- 
ing reaction showed a progressive increase of the 
optical density until 75min  of incubation time 
(Fig. 2). Successive experiments were carried out by 
incubating the cells in the staining solution during 
60 min. 

The  effect of the presence of substrate and cofactor 
for the 3f l -HSD staining reaction was evaluated 
(Fig. 3). As expected, maximal absorbance was ob- 
tained when both, the substrate etiocholan-3fl-ol-17- 
one and the cofactor N A D  * were present. Without  
substrate and/or cofactor, the optical density was very 
low (0.1 arbitrary units or less). When different in- 
creasing substrate concentrations were used (0.01, 
0.05, 0.1, 0.2 and 0.5 raM), gradual increasing values 
of optical density were obtained (results not shown). 

Although the values were not significantly different, a 
maximal optical density of 0.52 -t- 0.02 arbitrary units 
was obtained when 0 . 2 m M  of etiocholan-3fl-ol-17- 
one was used. These results suggest that the 3f l -HSD 
is already saturated with substrate concentrations 
lower than 0.01 raM. 

When Leydig cells were incubated with 1 or 10 # M  
cyanoketone (Win 19,578), an inhibitor of the 3fl- 
H S D  activity, a marked decrease of the optical density 
in both types of cells was obtained (Fig. 4). Although 
in control cells the staining intensity was similar in 
both types of cells, different values were obtained 
when optical densities were normalized to their size. 
Eight # m  diameter cells showed more than twice 
higher optical density per /~m 2 when compared with 
the 1 2 # m  diameter cells (8.96+_ 1 x 10 -3 vs 
3.54 +_ 0.44 x 10 -3 arbitrary units). 

Staining intensity values for each size of Leydig cell 
were normalized to their sample mean by assigning 
them a z-score based on a standard normal curve. The  
observed frequency distributions for the 8/~m diam- 
eter cells matched a distribution, which was signifi- 
cantly different from a normal distribution [Fig. 5(a); 
Chi-Square = 28.09, P < 0.006]. However,  the 12 # m  
diameter cells showed a normal distribution, as evalu- 
ated by the Chi-Square test [Fig. 5(b); Chi- 
Square = 11.94, non-significant]. 

When purified Leydig cells were previously incu- 
bated with h C G  (1 IU) and subsequently stained for 
3 f l -HSD activity, a differential hormone-induced 
effect on the optical density was observed. In 
8/~m diameter cells the hormone caused a decrease 
of the optical density when compared to the control 



76 H~ctor Contreras  and Ana Maria Ronco 

0 . 5  

>- 0 . 4 -  

Z ¢ 
" '  = 0 . 3 -  

t .  

u 0 . 2 -  

0_ 
0 

0.1 - 

0 

Et iocholon- 3,B- o l -  17- one 
(0.2 mM} 

T 

t 

T 

+ + 

T 

NAD+ + - -  "1" 
( '1.5 raM) 

Fig. 3. Effect of  the presence  of  the subs t ra te  e t iocholan-3p-ol-17-one and the cofactor  NAD + in the 
cy tochemica l  reac t ion  for  3p-HSD. Resul ts  a re  expressed  in optical  densi ty  ( a rb i t r a ry  units)  and  r ep re sen t  
the m e a n  + SD of  464 cells of  8/ i ra  d i a m e t e r  (approx.  100 cells per  each expe r imen ta l  condit ion) ob ta ined  f r o m  
th ree  i ndependen t  exper iments .  *P < 0.005 c o m p a r e d  with the control  value (with subs t ra te  and cofactor).  

untreated cells. Conversely, h C G  increased the 
optical density in the 1 2 # m  diameter Leydig cells 
(Table 1). This  slight but  significant effect was also 
observed when values were expressed per unit of area 
(/~m2). 

D I S C U S S I O N  

Th e  results demonstrate that measurements of the 
intensity of the staining reaction for 3f l -HSD in indi- 
vidual cells, can be a realiable method for detecting the 
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Fig. 4. Cytochemica l  reac t ion  for  3~-HSD in presence  of  the inh ib i to r  cyanoketone (Win 19,578). Pur i f ied  
Leydig cells were  incuba ted  with 10 -6 and 10 -5 M of  cyanoketone (Win 19,578) for  3 h. Af ter  washing, cells were 
incuba ted  with the s taining solution for 3~-HSD for 60 ra in  at  37°C. Results  are  expressed  in optical  densi ty 
( a rb i t r a ry  units)  and r ep re sen t  the m e a n  __+ SD of  th ree  i ndependen t  exper iments .  Approx ima te ly  150 cells of 

8 # m  d i a m e t e r  with each inh ib i to r  concen t ra t ion  were measured .  
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Fig. 5. Staining intensity values for the 3p-HSD reaction in 
8 a n d  12/~m diameter  Leydig cells were normal i zed  to their 
sample  m e a n  by assigning them a z-score .  The distribution 
of  the  z - s c o r e s  was compared  to an expected normal  distri-  
but ion using Chi-Square .  Values are expressed as frequency 
of  d i s t r i b u t i o n  o f  the staining intensity of  232 a n d  203 cells o f  
8 a n d  12 # m  diameter ,  respectively.  (a) Observed frequency 
for 8/~m diameter  cells. C h i - S q u a r e  =28.09,  P < 0.006. (b) 
O b s e r v e d  f r e q u e n c y  fo r  1 2 p m  d i a m e t e r  cells. Chi -  

s q u a r e  = 11.94, NS. 

individual cell expression of such enzymatic activity. 
Previous studies [20] reported a correlation between 
quantitative histochemical and biochemical assays for 
3fl-HSD in primary cultures of normal rat adrenal cells. 

In the present report, cell permeabilization for the 
entrance of nicotinamide adenine dinucleotide (NAD ÷ ) 
was not necessary (unpublished data). In contrast, 

Marrone and Sebring [21] did not observe a positive 
3fl-HSD cytochemistry in non-permeabilized granu- 
losa cells. They used a digitonin-permeabilized cell 
model as previously shown by Molenaar et al. [22]. The 
different type of cells and the higher concentration of 
NAD + used in this study could be an explanation for 
this discrepancy. 

Leydig cell heterogeneity shown in this study has 
been observed previously [1,2,23]. Some authors 
suggested that the heterogeneity of the steroidogenic 
capacity of isolated adult rat Leydig cells could be 
dependent, at least in part, upon the procedures used 
for cell isolation [23]. In this work, Leydig cells were 
purified through a continuous Percoll gradient [24] and 
several types of heterogeneity were found. Two popu- 
lations of cells based on size were observed in the 
purified Leydig cells. The 8 #m diameter cells consti- 
tuted 67% of the stained cells. Leydig cell sizes found 
in this study, agreed with those described by Bergh 
et al. [25, 26]. 

Heterogeneity was also related to cell 3fl-HSD enzy- 
matic activities, since different staining intensities were 
observed. Stained Leydig cells showed similar basal 
enzymatic activities; but, when their optical densities 
were normalized to their size, 8 # m  diameter cells 
expressed a greater basal enzymatic activity than the 
12 #m cells. Twelve #m diameter cell population fitted 
in a normal distribution of the staining intensities. 
However, 8 #m cells showed a distribution significantly 
skewed to the right. The observed frequency distri- 
bution for the 8/~m Leydig cells shows that they are 
preferentially constituted by a subpopulation of darkly 
stained cells, and thus suggesting an increased 
steroidogenic capacity compared with the 12 #m cells 
[20, 27, 28]. 

Although 3fl-HSD activity is not rate limiting for 
testosterone synthesis, previous studies have indicated 
a significant correlation between circulating testoster- 
one levels and 3fl-HSD activity [20, 28]. If this hypoth- 
esis is correct, one could expect a greater testosterone 
production by the 8/~m cells in comparison to the 
12 #m cells. Previous studies from our laboratory have 
demonstrated that individually tested Leydig cells 

Table 1. Effect of hCG (1 IU)  in vitro in the staining intensity for 3fl-HSD 
in 8 and 12 #m diameter Leydig cells 

Type of cell 
Optical density Optical density/#m 2 x 10 -3 

Condition 8 # m  12/~m 8 # m  12 # m  

Control 0.45 ___ 0.05" 0.40 + 0.05' 8.96 ___ 1.00" 3.54 ___ 0.44 b 
hCG (1 IU)  0.37 _ 0.01 b 0.51 +_.0.01 ¢ 7 .37+0.20  c 4.51 +0 .09  d 

Purified Leydig cells were incubated in the presence or absence of h C G  (1 IU)  for 3 h 
at 34°C. After washing, cells were incubated with the staining solution for 60 min 
at 37°C. Results are expressed in optical density (arbitrary units) and represent the 
mean + SD of three independent experiments. For each expression of the results, 
values with different superscripts are significantly different (Student 's t-test). For 
the 8 # m  diameter cells, n = 1070; for the 12 # m  diameter cells, n = 187. 
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showed  d i f ferent ia l  s t e ro idogen ic  act ivi t ies  and  tha t  the  
smal l  L e y d i g  cells cons t i t u t ed  the  h ighe r  pe rcen tage  o f  
the  a n d r o g e n - s e c r e t o r y  cells [27]. 

W h e n  bo th  types  o f  cells were  i n c u b a t e d  wi th  h C G ,  
3 f l - H S D  ac t iv i ty  was dec reased  in the  8 /~m cells and  
inc reased  in the  12 ~ m  cells. I t  has been  d e m o n s t r a t e d  
tha t  in rat  gonads  and  adrena l s ,  t ype  I is the  p r e d o m -  
inan t  3 f l - H S D  t r ansc r ip t ,  and  type  I I  is a m i n o r  species  
[7]. I f  the  two  L e y d i g  cell  p o p u l a t i o n s  expres sed  differ-  
en t  types  of  3 f l - H S D ,  then  it m i g h t  accoun t  for  the  
d i f ference  in r egu la t ion  by  L H / h C G .  In  add i t ion ,  to 
our  knowledge ,  the  3 f l - H S D  ac t iv i ty  of  s t e ro ido-  
genic  cells has no t  been  r e p o r t e d  to be mod i f i ed  acu te ly  
by  L H / h C G .  O n l y  t r o p h i c  effects o f  L H / h C G  on 
3 f l - H S D  ac t iv i ty  have been  desc r ibed  p r e v ious ly  
[5, 29]. P e r h a p s  acute  effects o f  L H / h C G  are  m a s k e d  
w h e n  b iochemica l  m e t h o d s  are p e r f o r m e d  u t i l i z ing  
whole  cell p o p u l a t i o n s  to evalua te  the  enzyme  
act ivi ty .  

A p rev ious  r e p o r t  has shown tha t  inc reased  tes tos -  
t e rone  s e c r e t i o n - - o b t a i n e d  af ter  L H / h C G - t r e a t -  
m e n t - - i n h i b i t s  3 f l - H S D  ac t iv i ty  in rat  L e y d i g  cells 
cu l tu res  via an a n d r o g e n  r e c e p t o r - m e d i a t e d  
m e c h a n i s m  [10]. T h e  i n h i b i t o r y  effect o f  L H / h C G  on 
the 3 f l - H S D  ac t iv i ty  o f  8 /~m L e y d i g  cells m a y  be 
exp l a ined  in pa r t  by  the  o b s e r v e d  nega t ive  r egu la to ry  
effects o f  t e s to s t e rone  on 3 f l - H S D  act ivi ty .  T h e  poss i -  
b i l i ty  tha t  L H / h C G  t r e a t m e n t  cou ld  induce  r e c e p t o r  
d o w n - r e g u l a t i o n  a n d / o r  desens i t i za t ion  canno t  be com-  
p le t e ly  ru l ed  out.  Neve r the l e s s ,  the  fact  tha t  L H  recep-  
tor  are  i n t e rna l i zed  very  s lowly  [17] p r ec ludes  any 
d e t r i m e n t a l  effect on  L H  m e d i a t e d  3 f l - H S D  ac t iv i ty  
increase .  

I t  has been  d e m o n s t r a t e d  tha t  L H / h C G  m a y  also 
exer t  r e c e p t o r - m e d i a t e d  effects on the  3 f l - H S D  and  
o the r  s t e ro idogen ic  enzymes  [14], a t t e m p t i n g  to m a i n -  
ta in  the  levels of  severa l  enzymes  invo lved  in t e s tos t e r -  
one  b iosyn thes i s  [29]. I n  the  12/~m cells,  the  
h C G - m e d i a t e d  increase  o f  the  3 f l - H S D  ac t iv i ty  m a y  be  
exp la ined  b y  the  p resence  o f  a large  p o p u l a t i o n  o f  
func t iona l  L H  recep tors .  T h u s ,  d i f ferent  p o p u l a t i o n s  
o f  func t iona l  L H / h C G  recep to r s  on each type  of  cells,  
m a y  be ano the r  fac tor  re la ted  to the  d i f ferent ia l  re-  
sponse  in the  3 f l - H S D  act ivi ty .  

I n  o the r  s tud ies  re la ted  to the  3 f l - H S D  ac t iv i ty  o f  
L H / h C G - t r e a t e d  c u l t u r e d  L e y d i g  cells,  L H  p r o d u c e d  
l i t t le  effects on  the  ac t iv i ty  and  levels of  i m m u n o -  
reac t ive  3 f l - H S D  in some e x p e r i m e n t s ,  b u t  it  had  
i n h i b i t o r y  effects in o the r s  [7]. T h i s  is pa radox ica l  w i th  
the  L H / h C G - c A M P - m e d i a t e d  s t i m u l a t o r y  effect on 
the  ce l lu la r  levels  o f  3 f l - H S D  m R N A  [7]. T h i s  effect 
occurs  12 h af ter  L H - t r e a t m e n t .  Since  our  e x p e r i m e n t s  
were  p e r f o r m e d  for  3 h, an increase  o f  the  3 f l - H S D  
ac t iv i ty  in 12/~m cells,  due  to inc reased  t r ansc r ip t i ona l  
ac t iv i ty ,  is unl ike ly .  

In  s u m m a r y ,  these  resul t s  no t  on ly  d e m o n s t r a t e  a 
d i f ferent ia l  exp re s s ion  o f  basal  3 f l - H S D  ac t iv i ty  in 
L e y d i g  cells,  bu t  also a d i f ferent ia l  r e sponse  when  they  

are t r ea ted  wi th  h C G .  T h e  oppos i t e  effects o f  the 
h o r m o n e  on  the 3 f l - H S D  ac t iv i ty  in bo th  types  of  cells 
sugges t  the  exis tence  o f  t rue  L e y d i g  cell he t e rogene i ty ,  
wh ich  m a y  be re la ted  to d i f ferent  i nd iv idua l  
s t e ro idogen ic  capaci t ies .  
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