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On the  Effect of Insu l in  on  Lactate  P e r m e a b i l i t y  t h r o u g h  the  N u c l e a r  M e m b r a n e  

This communica t ion  repor t s  a p h e n o m e n o n  observed  
dur ing  a s tudy  on the  effect  of insulin in v i t ro  on energy  
me tabo l i sm  in isolated ra t  t h y m u s  nuclei. F r o m  these  ex- 
pe r imen t s  i t  is concluded t h a t  insulin has no s ignif icant  
effect  on oxygen consumpt ion ,  A T P  synthesis ,  glucose 
uptake ,  hexose m o n o p h o s p h a t e  p a t h w a y  ac t iv i ty  and  
lac ta te  product ion .  A clear effect,  however ,  was found  on 
m e m b r a n e  pe rmeab i l i t y  towards  lacta te ,  All m e t h o d s  
used were exac t ly  as descr ibed elsewhere x-,. F r o m  earlier ~ 
expe r imen t s  it  is known  t h a t  endogenous  lac ta te  which  is 
fo rmed  under  anaerobic  condi t ions  is p a r t l y  metabo l ized  
dur ing  a subsequen t  aerobic incuba t ion  and  pa r t l y  leaks 
ou t  f rom the  nucleus in to  the  medium.  

In  the  Figure it is d e m o n s t r a t e d  t h a t  leakage dur ing  
aerobic incuba t ion  can be pa r t ly  p r even t ed  by  add ing  
insulin.  The rat io of l ac ta te  concen t ra t ions  was inf luenced 

in t he  same d i rec t ion  when  glucose was  added.  As can be 
seen in these  expe r imen t s  insulin had  no effect  on the  
l ac ta te  ra t io  dur ing  the  anaerobic  period.  A more  or less 
s tab le  equi l ibr ium of lac ta te  inside and outs ide  the  
nucleus was reached  af ter  20 rain of aerobic incubat ion .  
No in fo rma t ion  is avai lable  in l i t e ra ture  on the  inf luence 
of insulin on lac ta te  pe rmeab i l i t y  t h ro u g h  the  nuclear  
membrane .  DANCItEVA 5 repor ted  a sl ight  s t imula t ion  of 
nuclear  ox ida t ive  phosphory la t ion  in isolated t h y m u s  
nuclei  by  insul in in the  presence  of glucose and  galactose 
and  con t r i bu t ed  th is  to  an accelera ted  t r a n s p o r t  of t he  
hexoses  t h ro u g h  the  nuclear  m e m b r a n e .  In  our opinion 
i t  is unl ikely t h a t  glucose e n t r y  is ra te - l imi t ing  for i ts  
metabol ic  convers ion because the  nuclear  m e m b r a n e  is 
ex t r eme ly  permeable  for glucose 6. Moreover,  added  
glucose is rap id ly  ca tabol ized to lac ta te  by  isolated 
t h y m u s  nuclei, while its fu r ther  b reakdown  via  the  citric 
acid cycle is l imi ted  2, 3. 
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Influence of insulin on the ratio of lactate concentrations inside and 
outside the nucleus after anaerobic incubation. The anaerobic incu- 
bation was perforIned for 15 min at 30~ and the subsequent 
aerobic incubation for 30 inin at 22 ~ The basic medium consisted of 
0.25M sucrose. 3 mM CaC12. Broken lines illustrate experiments on 
endogenous substrate; solid lines experiments with 5 mM glucose. 
Open circles represent experiments without insulin; solid circles illu- 
strate experiments in which 100 ~units insulin per ml were added. 

Rdsumd. L ' a d d i t i o n  d ' insu l ine  aux  n o y au x  isol6s du 
t h y m u s  de ra t  peu t  pr6venir  les per tes  de lac ta te  endog~ne 
se p roduisan t /~  t ravers  de la m e m b r a n e  nucl6aire. 
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T e s t o s t e r o n e  M e t a b o l i s m  by H o m o g e n a t e s  of H u m a n  and Rat  P lacen ta  

I t  now appears  to be accepted  t h a t  t e s tos te rone  and  its 
16-hydroxyla ted  der iva t ive  are in t e rmed ia te s  in the  
p lacen ta l  b iosynthes is  of es t rogens f rom the  fetal  pre- 
cursors,  dehydroep iandros t e rone  and  16-hydroxyde-  
hydroep iandros te rone ,  respect ive ly  1-a. The a b u n d a n t l y  
occurr ing h u m a n  p lacen ta l  a romatase  4 7 effects  a rapid  
convers ion  of these  19 carbon in t e rmed ia te s  to the  18 
ca rbon  estrogens by  a series of react ions  which  appa ren t l y  
includes ox ida t ion  of the  me thy l  group at  ca rbon  19 pr ior  
to its e l iminat ion  s. 

In  the  rat ,  however ,  in vivo evidence suggests  t h a t  the  
p lacen ta  produces  little, if any, es t rogeng;  also, ra t  
p lacen ta l  t issue does not  appear  capable  of conver t ing  
t e s tos te rone  to estrogens in vi t ro  10. 

H u m a n  and ra t  p l acen ta  appear  to  differ in ye t  ano the r  
aspect .  While  ra t  t issue is capable  of metabol iz ing  tes to-  

s terone  to  an and ros t ane  p ro d u c t  such as 5~-androstane-  
3~, 17fl-diol 1~ and thus  appears  to possess A4-reductase  
ac t iv i ty ,  evidence for th is  ac t iv i ty  could not  be found in 
m i d t e r m  h u m a n  p lacen ta  perfused ill si tu n.  Recent ly ,  
however ,  t he  A5-reduct ion of dehydroep iand ros t e rone  by  
minced  p r e m a t u r e  h u m a n  p lacen ta l  t issue has  been 
repor ted  12 

The p re sen t  s tudy  compares  the  me tabo l i sm of 4-C 14- 
t e s tos te rone  by  homogena t e  p repa ra t ions  of h u m a n  and 
ra t  p lacen ta l  t issue (both t e rm and  p remature )  incuba ted  
under  ident ical  expe r imen ta l  condi t ions .  

Materials and methods. H u m a n  p lacen tas  were ob ta ined  
at  the  t ime  of del ivery and processed immedia te ly .  R a t  
p lacen tas  were r emoved  af ter  sacrifice of the  animals  by  
concussion and  also used immedia te ly .  Detai ls  of the  
m e t h o d s  used are repor ted  elsewhere 13. In  brief, all 
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Tab le  I. Pe r cen t age  of t o t a l  r a d i o a c t i v i t y  recovered  i n  d i f fe ren t  s te ro id  f r ac t ions  a f t e r  i n c u b a t i o n  of 4-Cl~- tes tosterone wi th  h u m a n  a n d  r a t  
p l a c e n t a l  h o m o g e n a t e s  

No. Age W e i g h t  P ro t e in  N b N A D P H  n o t  a d d e d  to i n c u b a t i o n  N A D P H  a d d e d  to i n c u b a t i o n  c 
(weeks) (g) (rag) S te ro id  f r ac t i on  S te ro id  f r a c t i o n  

H u m a n  p l a c e n t a e :  

Tes tos te rone  More Less Tes tos t e rone  More Less 
p o l a r  p o l a r  po la r  p o l a r  

1 12 58 50.4 74 7 19 - - - 
2 15 88 50.0 44 7 42 42 12 39 
3 16 94 57.5 51 7 39 57 9 41 
4 16 100 47.5 51 3 38 35 10 48 
5 24 240 57.3 11 13 76 10 (16) 16 (25) 75 (58) 
6 25 206 62.5 29 3 63 14 8 74 
7 29 334 6 5 . 0  8 5 81 4 12 77 
8 39 343 95.0 8 11 73 3 29 60 
9 39 400 - 4 8 81 2 21 70 

10 40 515 82.5 4 8 82 9 23 62 
11 40 675 72.5 11 5 79 10 8 76 
12 42 396 72.5 8 23 57 9 36 43 

R a t  p l a c e n t a e :  

Age Ave rage  wt .  
(days) (g) 

1 15 0.30 112.5 79 0 
2 15 0.30 105.0 88 0 
3 20 -22  0.55 112.5 80 0 
4 2 0 - 2 2  0.42 90.0 67 0 
5 22 0.56 107.5 63 0 
6 20 -22  0.52 90.0 76 0 
7 a 2 0 - 2 2  - 40.0 67 0 
8 a 20 -22  - 40.0 58 0 
9 a  20 -22  - 50.0 49 0 

10 a 20 -22  60.0 36 0 

1 8  - - 

10 - 
17 (67) (2) (29) 
31 (47) (3) (48) 
35 - - - 
22 (68) (7) (22) 
26 - - - 
26 50 2 33 
47 36 2 55 
56 23 0 70 

Pe rcen t age  f igures  a re  co r r ec t ed  for  a n y  r a d i o a c t i v i t y  in  co r r e spond ing  f r ac t ions  of p a p e r  c h r o m a t o g r a m s  of u n i n c u b a t e d  samples ,  b P ro t e in  
N c o n t e n t  pe  r 10 ml  of i n c u b a t e d  h o m o g e n a t e ,  c The  a m o u n t  of N A D P H  a d d e d  was  2 mg/10  m l  of h o m o g e n a t e  excep t  in  e x p e r i m e n t s  where  
f igures  a re  in  p a r e n t h e s e s  in  wh ich  6 - 1 0  m g  was  used.  a In  these  e x p e r i m e n t s  s amp le s  of t issue were  no t  homogen ized  in the  usua l  w a y  wi th  
a vo lume  Of K r e b s - R i n g e r  buf fe r  equa l  to t he i r  we igh t ;  t i s sue /buf fe r  r a t i o  used  was  less t h a n  1. 

samples  of t i ssue  were homogen ized  w i t h  a v o l u m e  of 
K r e b s - R i n g e r  p h o s p h a t e  buf fe r  equa l  to  t h e i r  weight .  The  
h o m o g e n a t e s  were cen t r i fuged  a t  800 g, a n d  10 m l  a l iquo t s  
of the  s u p e r n a t a n t  m a t e r i a l  were i n c u b a t e d  in beake r s  
c o n t a i n i n g  1 m g  of n o n - r a d i o a c t i v e  t e s to s t e rone  mixed  
w i t h  1.2 • 10 s c p m  of C1Mabelled t es tos te rone .  T he  co- 
fac to r  N A D P H  (n ico t inamide  aden ine  d inuc leo t ide  phos-  
pha te ,  r educed  form) was also added  to  one ha l f  of t he  
samples  in  m o s t  expe r imen t s .  

Fo l lowing  incuba t ion ,  ch lo ro fo rm e x t r a c t s  of t he  incu-  
b a t i o n  m i x t u r e  were  c h r o m a t o g r a p h e d  on  p a p e r  in  a 
h e x a n e - p r o p y l e n e  glycol sys tem.  T he  s u b s t r a t e  tes to-  
s t e rone  a n d  t h e  p r o d u c t s  of i ts  m e t a b o l i s m  were de t ec t ed  
b y  r a d i o a u t o g r a p h y .  These  s te ro ids  were t h e n  e lu ted  f rom 
t h e  p a p e r g r a m s  a n d  a l iquo ts  p l a t e d  on p l a n c h e t s  for 
m e a s u r e m e n t  of t h e i r  r ad ioac t ive  c o n t e n t  in  a p ropor -  
t iona I  f low counte r .  

Results .  Tab le  I gives t h e  pe rcen t age  of 4-C14-testo - 
s t e rone  recovered  fol lowing i ts  i n c u b a t i o n  w i t h  t he  dif- 
f e r e n t  p l a c e n t a l  h o m o g e n a t e  p r e p a r a t i o n s  w i t h  or  w i t h o u t  
exogenous  N A D P H .  I t  is a p p a r e n t  t h a t  t h e  c a p a c i t y  of 
h u m a n  p l a c e n t a l  h o m o g e n a t e s  to  m e t a b o l i z e  t e s to s t e rone  
was g rea t e r  in  t he  samples  a t  24 or more  weeks of gesta-  
t i on  t h a n  in t h e  spec imens  o b t a i n e d  a t  12-16 weeks. 
V i r t u a l l y  al l  t h e  t e s t o s t e r one  was m e t abo l i z ed  in incuba-  
t i o n s  w i t h  t e r m  h u m a n  p lacen tas ,  a n d  th i s  was  t h e  case 
w h e t h e r  or no t  NADPI-I  was  a d d e d  to t he  incuba tes .  

U n d e r  iden t i ca l  cond i t ions  r a t  p l a c e n t a l  t i ssue  was 
m u c h  less capab le  of m e t a b o l i z i n g  t e s t o s t e r one  t h a n  was 
t e r m  h u m a n  t issue.  I n  m o s t  e x p e r i m e n t s  more  t h a n  50% 

of t h e  t e s t o s t e rone  was recovered  u n c h a n g e d  fol lowing 
i n c u b a t i o n  w i th  b o t h  p r e m a t u r e  (15-day) a n d  nea r  t e r m  
(20-22-daTg) samples .  

Tab le  I also shows t h a t  m o s t  of t h e  t e s t o s t e rone  was 
m e t a b o l i z e d  to m a t e r i a l  less po la r  t h a n  itself  (more 
r ap id ly  m o v i n g  in t he  p a r t i c u l a r  p a p e r  c h r o m a t o g r a p h i c  
s y s t e m  used), in  i n c u b a t i o n s  w i t h  b o t h  h u m a n  a n d  r a t  
t issues,  regardless  of ges t a t iona l  age. Also, in  all experi-  
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m e n t s  the  ma jo r  c o m p o n e n t  of th is  less polar  mater ia l  
was a metabol i t e  ident i f ied as andros tened ione  (Table II).  
O ther  metabol i tes  were p resen t  in 1/4 or less of the  a m o u n t s  
of andros tened ione  in b o t h  h u m a n  and  ra t  exper iments .  

Table  I shows t h a t  h u m a n  p lacenta l  homogena te s  also 
conver t ed  t es tos te rone  to metabo l i t es  w i th  lesser mobi l i ty  
in the  ch romatograph ic  sys t em used. This  convers ion to  
more  polar  subs tances  was enhanced  by  add i t ion  of 
N A D P H  to incuba t ion  and  was mos t  no tab le  wi th  the  
t e r m  placenta l  samples.  

In  con t ras t  to  t he  human ,  ra t  p lacen ta l  homogena te s  
metabo l ized  tes tos te rone  to more  polar  mate r ia l  in signi- 
f icant  q u a n t i t y  only when  N A D P H  was  added  to the  
incubat ion .  E v e n  then,  the  ex t en t  of th is  convers ion was 
less t h a n  t h a t  observed wi th  the  t e r m  h u m a n  samples  
a l though  greater  amoun t s  of N A D P H  were used in the  
ra t  incubat ions .  

Discussion.  The presen t  exper iments  indica te  t h a t  the  
abi l i ty  of h u m a n  p lacen ta  to conver t  t e s tos te rone  to bo th  
more  and less polar  metabo l i t es  was d e p e n d e n t  upon  
ges ta t ional  age, wi th  t e rm p lacen ta  being the  mos t  active.  
Similar  age dependency  has also been observed  by  o thers  
s tudy ing  the  me tabo l i sm of o ther  s teroids  by  h u m a n  
placenta .  In  each case, using 17fl-estradiol as subs t r a t e  
for incuba t ion  studies,  b o t h  SMITH and  AXELIaODla and 
I{YAN and ENGEL 15 found t h a t  17fl-hydroxysteroid de- 
h y d r o g e n a s e  ac t iv i ty  (as indica ted  by  the  fo rmat ion  of 
estrone) increased wi th  ges ta t ional  age. This  was ev iden t ly  
also the  case in the  p resen t  s tudy  since andros tened ione  
was the  ma jo r  me tabo l i t e  of t e s tos te rone  in all exper i -  
ments .  The ex t en t  of 20e-hydroxys te ro id  dehydrogenase  
ac t iv i ty  has also been  observed to be age d e p e n d e n t  1% 

The  presen t  repor t  indicates  ye t  ano the r  difference be- 
tween  ra t  and  h u m a n  p lacenta l  act ivi t ies  ; under  ident ical  
expe r imen ta l  condi t ions  homogena tes  of t e rm h u m a n  
t issue metabo l ized  tes tos te rone  to o ther  subs tances  to  a 
cons iderably  greater  ex t en t  t h a n  did similar  ra t  p repara-  
t ions.  This suggests  t h a t  in addi t ion  to lacking the  
a romat iz ing  enzyme(s) a b u n d a n t  in h u m a n  p lacen ta  4-~, 
ra t  t issue is also less r ich in 17fl-hydroxysteroid dehydro-  
genase con ten t  t h a n  the  human .  The more  polar  mate r ia l  
e labora ted  in the  samples  incuba ted  wi th  exogenous 
N A D P H  has  previously  been shown 1~ to  consis t  princi-  
pa l ly  of 5e-androstane-3e,  17/3-diol and o ther  unident i f ied  

Table II. Identification by recrystallization to constant specific 
activity ol androstenedione derived from the metabolism of testo- 
sterone by homogenates of human and rat placental tissue 

Recrystallization Specific activity 
No. (disintegrations per 

min/mg) 

Human Rat 
experiment experiment 

1 Mother liquor 3080 2130 
Crystals 3120 2180 

2 Mother liquor 3200 2130 
Crystals 3070 2210 

3 Mother liquor 3210 2200 
Crystals 3190 2140 

Following chromatography on paper (hexane-propylene glycol 
system) and on silica gel thin-layer plates (developing solvent 85 
parts benzene, 15 parts methanol) aliquots of samples pooled from 
several incubations were diluted with 100 mg of authentic andro- 
stenedione. The resulting solutions had a specific activity of 3210 and 
2390 dpm/mg for human and rat samples, respectively. Reerystal- 
lizations to constant specific activity were then carried out with 
solvents used being mixtures of chloroform and methanol. 

r ing A reduced  metabol i tes .  The presence  of th is  cofac tor  
ev iden t ly  s t imu la t ed  th is  reduc t ive  mode  of me tabo l i sm 
of t es tos te rone  b y  ra t  p lacen ta l  homogena tes .  

The capac i ty  of 15-day and  t e r m  ra t  p lacenta l  homo-  
genates  to  to ta l ly  metabol ize  t e s tos te rone  did no t  appea r  
to differ  as m a r k e d l y  as did the  p r e m a t u r e  and  t e r m  
h u m a n  prepara t ions .  Histological  s tudies,  however ,  sug- 
gest  t h a t  17f l -hydroxysteroid dehydrogenase  ac t iv i ty  in 
the  l aby r in th  of t he  r a t  p l acen ta  increases t o w a r d s  
t e r m  17. In  cont ras t ,  DEANE et  al.lS observed  t h a t  p lacen ta l  
3f l -hydroxysteroid  dehydrogenase  ac t iv i ty  reaches  a peak  
of 15-16 days  and  t h e n  declines t owards  term.  

Histological  s tudies  have  indica ted  t h a t  while the re  are 
a t  least  2 es t radiol  17fl-hydroxysteroid dehydrogenases  
p resen t  in h u m a n  p lacen ta  which  can be charac te r ized  b y  
the i r  cofactor  d e p e n d e n c y  and location, i.e. NAD-  
specific and p resen t  in syncyt ia l  t rophob la s t  and decidual  
walls or, NADP-spec i f i c  and located in the  per ivascular  
s t roma  and  vessel  wails 19,2~ tes tos terone-17f l -hydroxy-  
s teroid dehydrogenase  utilizes e i ther  NAD or N A D P  and  
is located only  in t he  vessel walls 2o. 

The significance of the  change in e x t e n t  of ac t iv i ty  w i th  
ges ta t ional  age of cer ta in  enzymes  in h u m a n  p lacen ta  such 
as those  involved  in t he  me tabo l i sm of t e s tos te rone  in t he  
p resen t  exper iments ,  and o the r  enzymes,  e.g. es t radiol-  
17fl-hydroxysteroid dehydrogenase  15, 20a-hydroxys te ro id  
dehydrogenase  1~, is no t  clear. I t  has  been  suggested t h a t  
these  coenzyme- l inked  s teroid  dehydrogenases  m a y  be 
implicated,  w i th  the i r  s teroid subs t ra tes ,  in the  regula t ion  
of cellular me tabo l i sm 21 

I t  m a y  also be t h a t  the  increase of cer ta in  p lacen ta l  
enzymes  towards  te rm,  such as the  17/3-hydroxysteroid 
dehydrogenase  which  conver t s  t e s tos te rone  to  t he  less 
biologically act ive  androgen,  andros tenedione ,  is a 
mechan i sm for p ro tec t ing  the  fe tus  f rom the  poss ib ly  
damaging  effects  of excessive a m o u n t s  of cer ta in  s tero id  
hormones .  I t  m a y  be of significance in th is  connec t ion  
t h a t  the  16~-hydroxyla ted  der iva t ive  of t e s tos te rone  was  
found by  NEHER and  STARK 22 to be one of the  m o s t  abun-  
d a n t  of neutraI  s teroids  ex t r ac t ed  f rom h u m a n  p lacen ta  2a. 

Rdsumd. Presque  route  la t es tos te rone  a 6t6 m6tabolis6e 
dans  les incuba t ions  avec les homogena tes  du p l acen ta  
h u ma i n  5~ t e rme  que  le cofactor  N A D P H  y s i t  6t6 ajout6 
ou non. Mais, les 6chant i l lons humains  d ' une  grossesse 
moins  de 24 semaines  et  aussi les homogena te s  p lacen-  
ta i res  du ra t  ~t t e r m e  et  pr6matur6  6taient  tous  moins  act ifs  
dans  ce respect .  
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