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Interconvers ion of Tes tos terone  and Androstenedione  in the H u m a n  Testis:  A Compar i son  Between  
the Activit ies  Displayed by the Interst i t ium and the Semini ferous  Tubules  

I t  had  been  widely  accepted  t h a t  the  i n t e r s t i t i um was 
the  only si te of androgen  b iosynthes is  in the  m a m m a l i a n  
tes t is  ~ and a lmos t  all of the  biochemical  inves t iga t ions  
into s teroidogenesis  in the  tes t is  have  been  pe r fo rmed  on 
the  whole organ or cell f rac t ions  ob ta ined  f rom the  ent i re  
gland wi th  the  a s sumpt ion  t h a t  the  ac t iv i ty  d e m o n s t r a t e d  
by  the  t issue had  or ig ina ted  in t he  in te rs t i t ium.  However ,  
resul ts  ob ta ined  by  incuba t ing  tubules  or in t e r s t i t i um 
f rom ra t  tes t is  separa te ly  w i th  rad ioac t ive  precursors  have  
shown t h a t  bo th  of these  tes t icular  componen t s  are capable  
of s teroid  me tabo l i sm 2-5. I t  is p robab le  therefore  t h a t  
the re  are a t  least  2 d i s t inc t  sources of tes t ieu lar  s teroids  a) 
the  in te rs t i t ium,  which  produces  androgens  for sys temic  
c i rculat ion and  ma in t enance  of the  accessory sex organs 6, 
and  b) the  seminiferous tubules,  p roduc ing  locally act ing 
hormones  control l ing germ cell m a t u r a t i o n  7. 

In  previous  work 3, a, results  ob ta ined  by  incuba t ing  the  
separa ted  componen t s  of the  ra t  tes t is  w i th  the  added  
radioact ively- label led precursors ,  pregnenolone8 and pro-  
gesterone,  indica ted  t h a t  b o t h  t issues were capable  of 
p roduc ing  androgens,  b u t  t h a t  there  was a m a r k e d  differ- 
ence in the  re la t ive quan t i t i e s  p roduced  by  the  in ters t i -  
t i u m  and the  tubules.  Andros tened ione  and t e s tos te rone  
were formed in near iy  equal  amoun t s  in the  in te rs t i t ium,  
whereas  in t he  tubules  the  maj or p roduc t  was tes tos te rone ,  
and  the  levels of andros tened ione  formed were cons i s ten t ly  
ve ry  low. I t  is clear therefore  t h a t  under  ident ical  condi- 
t ions  of incubat ion ,  and  when  prov ided  wi th  ident ical  
quan t i t i e s  of rad ioac t ive  precursors  the  tubules  exh ib i t  a 
po ten t i a l  to produce  a h igher  t e s tos t e rone /andros t ened ione  
ra t io  t h a n  the  in t e r s t i t i um which  m a y  be a ref lect ion of 
the  re la t ive act ivi t ies  of the  17fl-hydroxysteroid dehydro-  
genase enzyme  in the  f rac t ions  of the  testis .  

The p resen t  s tudy  was u n d e r t a k e n  in order  to de te rmine  
whe the r  the  separa t ion  procedure  for ob ta in ing  in ters t i t ia l  
and  tubu la r  fract ions,  used successfully on the  ra t  test is ,  
could be appl ied  to  the  h u m a n  testis ,  and whe the r  the  
var ia t ions  of the  17fl-hydroxysteroid dehydrogenase  
enzyme act ivi t ies  of the  sepa ra ted  fract ions,  d e m o n s t r a t e d  
in the  rat ,  could also be shown to  occur in the  h u m a n  testis .  

E x p e r i m e n t a l .  H u m a n  tes tes  were ob ta ined  f rom 2 
pa t ien t s ,  aged 72 (Case 1) and 25 (Case 2) years  respect ive-  
ly. In  b o t h  testes,  spermatogenes i s  was proceeding  nor- 
mal ly  judging  f rom the  histological  appea rance  of t he  
specimens.  The tes t is  t issue was separa ted  in to  tubule  
and  in ters t i t ia l  f ract ions  by  dissect ion under  a b inocular  
microscope as previous ly  r epor ted  2,s. Each  f rac t ion (in 
range of 50-130 mg wet  weight)  was incuba ted  in 5 ml  
Krebs -R inge r  b i ca rbona te  buffer  (pH 7:4)", conta in ing  
glucose (2 g/l), a t  35~ wi th  equimolar  concen t ra t ions  

(0.52 txg) of E4-1~C)-androstenedione (specific ac t iv i ty  
198 txCi/mg) and E7c~-aHl-testosterone (specific ac i tv i ty  
6.6 mCi/mg) under  an a tmosphe re  of 95% O 2 and  5% CO s 
w i t h o u t  added  cofactors.  Tissue-free samples  were t aken  
f rom the  incuba t ion  med i u m at  var ious  t ime  in tervals  and 
ex t r ac t ed  wi th  e thy l  acetate .  The steroids were fract ion-  
a ted  and ident i f ied  using paper  and th in layer  ch romato -  
g raphy  a and  recrys ta l l ized to  co n s t an t  specific ac t iv i ty  
(Table I). The r ad ioac t iv i ty  of andros tened ione  and  
tes tos te rone  was measured  using a Packa rd  Tri-Carb 
Liquid  Scint i l la t ion Spec t rome te r  Model 3380, ad jus ted  
for double  isotope coun t ing  wi th  efficiencies of 58.2% and 
28.5% for 14C and  3H respect ively ,  w i th  6.8% efficiency 
for 14C in t he  aFI channe l  and 0.014% efficiency for aH in 
t he  ~4C channel .  The results  are shown in Table  II .  

Two cases are r epo r t ed  here, and  b o t h  show similar  
p a t t e r n s  of androgen  in terconvers ion.  In  the  in te rs t i t ium,  
the  reduc t ion  react ion,  andros tened ione  -+ tes tos terone ,  
proceeded a t  roughly  the  same ra te  as the  reverse react ion 
i.e. the  ox ida t ion  of t es tos te rone  to  form andros tenedione ,  
In  the  tubule  incubat ions ,  there  was a very  rap id  conver-  
sion of andros tened ione  to tes tos te rone ,  such t h a t  in 
Case 1, af ter  4 h incubat ion ,  91% of the  precursor  andro-  
s tenedione  was conve r t ed  to t es tos te rone  and  in Case 2 
there  was 61% convers ion  to  tes tos te rone .  The ox ida t ion  
reac t ion  in t he  tubules  proceeded at  roughly  half  the  ra te  
of t h a t  occurr ing in the  in te rs t i t ium.  

I t  is in te res t ing  to  compare  the  convers ion of andros te-  
nedione  to  t e s tos te rone  in the  2 componen t s  of the  same 
testis .  In  Case 2, t he  convers ion in the  tubules  was a t  a 
ra te  of 15% and  the  in t e r s t i t i um was 1% per  h. In  Case 1, 
the  tubules  convers ion  ra te  was 22% and the  in te rs t i t iun l  
was 3% per  h. I t  appears  therefore  t h a t  the  tubules  are 
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Table I. Successive recrystallization of [4-t~C, 7cr and [4-14C, 7~-aH]-androstenedione obtained from incubations of semini- 
ferous tubules and interstitium of human testis tissue following admixture of 30 mg authentic steroid 

Case 1. Testis tissue from 72-year-old man 

Crystallization Tubule Interstitium 
[14C, 3H]-testosterone [14C, 3H]-androstenedione [t4C, 8H]-testosterone [14C, 3H]-androstenedione 
(dpln/mg) (dpm/mg) (dpm/mg) (dpm/mg) 

ratio ratio ratio ratio 
No. 3H 14C 3H/14C 3H I~C 3H/14C 3H 14C 3H/t4C ~H 14C 3H/14C 

1 16,037 723 22.18 405 69 5.87 14,682 79 185.8 885 837 1.06 
2 14,881 693 21.47 390 69 5.65 14,580 80 182.3 856 850 1.01 
3 14,596 674 21.66 388 68 5.71 14,219 76 187.1 849 825 1.03 
4 14,645 681 21.51 382 65 5.88 14,048 75 !87.3 860 845 1.02 
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Case 2. Testis tissue from 25-year-old man 
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Crystallization Tubule Interst i t ium 
[t4C, 3H]-testosterone [laC, 3H]:androstenedione [14C, 3H]-testosterone [14C, 3H]-androstenedione 
(dpm/mg) (dpm/mg) (dpm/mg) (dpm/mg) 

ratio ratio ratio ratio 
No. 3H 14C 3H/14C 3H I4C 3H/14C 8H 14C 3H/14C ~H ~4C 3H/14C 

1 17,757 902 19.69 562 36 15.61 13,485 25 539 251 1287 0.195 
2 17,251 891 19.36 488 33 14.79 13,598 27 504 256 1360 0.188 
3 17,732 901 19.68 440 31 14.19 13,101 26 504 249 1299 0.192 
4 17,098 874 19.56 420 30 14.00 12,240 24 510 250 1286 0.194 

Table I I. Separated interst i t ium and seminiferous tubules of human testis tissue incubated with equimolar concentrations of [7~-SH]-testoster - 
one and [4-14C]-androstenedione 

Tissue 

Case 1. Testis tissue from 72-year-old man 

% ~H label % 14C Iabel 
Time recovered as recovered as 

Case 2. Testis tissue from 25-year-old man 

% 3H label % 14C label 
recovered as recovered as 

(rain) [3H]-A~ [3HJ-T a [I~C]-A [14C]-T [~H]-A [3H~-T ~14C~-A [ 14C]-T 

Inters t i tmm 
per 100 nag 

Tubule 
per 100 Ing 

5 4.6 88.1 91.4 6.7 4.3 89.4 98.6 0.8 
15 4.7 88.4 89.8 8.1 4.4 87.6 98.3 0.9 
30 5.0 88.5 88.7 8.2 4.5 87.9 97.8 1.1 
60 5.9 86.8 89.4 8.7 4.6 86.6 97.5 1.8 

120 - - - 4.9 86.3 97.3 2.3 
150 6.5 84.9 85.9 11.9 . . . .  
180 - - - 4.8 82.6 96.3 3.1 
240 6.1 86.7 84.9 12.4 4.7 82.5 95.0 4.3 

5 2.1 90.9 83.1 15.0 0.9 90.9 83.7 14.7 
15 2.6 91.2 67.7 30.2 1.0 90.9 73.2 22.9 
30 3.9 90.3 50.7 46.9 1.3 89.7 51.4 42.5 
69 4.1 90.1 35.3 62.0 1.6 89.1 31.0 53.4 

120 - - - 1.6 88.9 23.7 55.2 
150 4.2 89.4 10.3 87.l . . . .  
180 . . . .  1.7 88.3 23.5 56.4 
240 4.5 89.6 5.1 90.7 2.1 87.6 22.1 60.5 

aDenotes androstenedione, bDenotes testosterone. 

m u c h  m o r e  e f f i c i e n t  t h a n  t h e  i n t e r s t i t i u m  in  c a r r y i n g  o u t  
t h e  e n z y m i c  r e d u c t i o n  of  a n d r o s t e n e d i o n e .  T h e  d i f f e r e n c e  
i n  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  2 Cases m a y  be  a t t r i b u t e d  
t o  t h e  g r e a t  d i f f e r e n c e  i n  a ge  b e t w e e n  t h e  t w o  i n d i v i d u a l s ,  
w h i c h  s u g g e s t s  t h a t ,  in  t h e  o l d e r  m a n ,  h i g h e r  l e v e l s  of 
t e s t o s t e r o n e  a r e  n e e d e d  to  m a i n t a i n  n o r m a l  s p e r m a t o -  
g e n e s i s  i n  t h e  t u b u l e s .  

T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  h u m a n  t e s t i s  s h o w s  t h e  
s a m e  d i f f e r e n c e s  in  t h e  r e l a t i v e  a c t i v i t i e s  of t h e  17/5- 
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  e n z y m e s  in  t h e  i n t e r s t i t i u m  
a n d  s e m i n i f e r o u s  t u b u l e s  as  p r e v i o u s l y  d e m o n s t r a t o d  in  
t h e  r a t .  I t  is  a l s o  a p p a r e n t  t h a t  t h e  s e p a r a t i o n  t e c h n i q u e  
a p p l i e d  t o  t h e  h u m a n  t e s t i s  i n  t h e s e  e x p e r i m e n t s  p r o d u c e s  
p r e p a r a t i o n s  w i t h  l i t t l e  o r  no  c r o s s - c o n t a m i n a t i o n  b e t w e e n  
t h e  t u b u l e s  a n d  t h e  i n t e r s t i t i u m ,  a n d ,  l i k e  t h e  r a t ,  t h e  
h u m a n  t e s t i s  p o s s e s s e s  a t  l e a s t  t w o  s i t e s  of s t e r o i d  m e t a -  
b o l i z i n g  e n z y m e s ,  t h e  i n t e r s t i t i u m  a n d  t h e  s e m i n i f e r o u s  
t u b u l e s  10. 

Zusammen/assung. Nachweis, dass im menschlichen 
Hoden sowohl das Interst i t ium wie such das tubul/ire 
System bef~higt sind, Androstendion-4-14C und Testo- 
steron-7a-3H zu konvertieren. 
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On the Use of a Peptidase Inhibitor (Trasylol) for Storage of P~5-1abelled Peptide Hormones  (HGH, 
TSH, ACTH, Insulin, Glucagon, PTH) 

One of the main problems in radioimmunoassay is the (iodination damage) or on subsequent storage of the 
degradation of I T M  or I125-1abetled tracer hormones. The labelled hormone. Finally the degradation may markedly 
degradation may preexist due to extraction or storage of increase during incubation, especially in medium contain- 
unlabelled preparation. I t  can occur during iodination ing plasma or serum. This form of incubation damage 


