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Effect of Diabetes in Pregnancy on Rat Maternal Liver Zl4-3-Ketone-Steroid Reductase 
Activity in vitro 

Increased  concen t ra t ions  of cer ta in  cor t icosteroids  and 
estrogens have  been  observed in ma t e rna l  p la sma  in 
p r e g n a n c y  compl ica ted  by  d iabe tes  ~-5. The presen t  
s tudy  inves t iga tes  t he  poss ibi l i ty  t h a t  th is  s i tua t ion  m a y  
be due a t  least  in p a r t  to  a d i s tu rbance  in the  ma t e rn a l  
l iver capac i ty  to  metabol ize  s teroids  as a resul t  of the  
diabetes .  

The A4-3-ketone-steroid reduc tase  ac t iv i ty  of l iver 
slices of d iabet ic  p r e g n a n t  ra t s  was compared  to t h a t  of 
normal  p r egnan t  rats ,  us ing cor t icos terone  as the  s teroid  
subs t ra te .  This enzyme  ac t iv i ty  is no rmal ly  the  pre- 
don l inan t  p a t h w a y  of cor t icos teroid  me tabo l i sm  in 
adul t  l iver t issue. 

Methods. Virgin Wis t a r  ra ts  were ma ted ,  r endered  
d iabet ic  by  a single i.v. in jec t ion  of s t rep tozo toc in  (55 to 
60 mg/kg)  on days  6, 7, or 8 of pregnancy ,  and  ma te rna l  
l iver ob ta ined  f rom ra ts  a t  day  22 of gestat ion,  by  me t h o d s  
previous ly  descr ibed 6. 

The A4-3-ketone-steroid reduc tase  ac t iv i ty  of liver 
slices was de t e rmined  using the  in v i t ro  incuba t ion  
t echn ique  and  m e t h o d  of assay of URQUHART et al. 7 
w i th  sl ight  modi f ica t ion  ; quadrup l ica te  samples  of 
200 mg of t issue were incuba ted  wi th  150 b~g of cortico- 
s terone  in 5 ml  of Krebs -R inge r  p h o s p h a t e  buffer  unde r  
100% oxygen  for 30 rain. The resul ts  are expressed  in bag 
of cor t icos terone  reduced  per  g l iver slices per  30 rain of 
incubat ion .  Specimens  of fresh ma te rna l  l iver were also 
i m m e d i a t e l y  f i xed  in 10% formal in  and af ter  process ing 
s ta ined  wi th  h a e m a t o x y l i n  and  eosin or periodic acid 
Schiff reagen t  for histological  s tudies.  

Results. As shown in the  Table,  t he  ma t e rna l  and  fetal  
blood glucose levels were s ignif icant ly  increased in the  
s t r ep tozo toc in - in jec ted  rats.  These ra ts  also ga ined  

s ignif icant ly  less weight  dur ing  pregnancy ,  had  signifi- 
can t ly  fewer l ive-born fetuses,  and had  s ignif icant ly  
more  a p p a r e n t  resorp t ions  per  l i t te r  t h a n  did controls.  
Fe ta l  weights  were s ignif icant ly  reduced  in the  d iabet ic  
group bu t  the  average p lacenta l  weight  was s ignif icant ly  
grea ter  t h a n  in controls.  

Average  ma t e rn a l  l iver weights  were also s ignif icant ly  
grea ter  (by 22%) in the  d iabet ic  group. The en la rgemen t  
of the  l iver  was appa ren t l y  d e p e n d e n t  upon the  presence  
of live fetuses in utero;  t he  l iver weights  in one diabet ic  
ra t  wi th  no sign of p r egnancy  at  day  22 and  in ano the r  one 
wi th  15 resorp t ions  bu t  no live fetuses  a t  th is  t ime  were 
only  9.2 and 10.8 g, respect ively .  

The A4-3-ketone-steroid reductase  ac t iv i ty  of ma t e rna l  
l iver was s ignif icant ly  less in the  d iabet ic  rats,  w i th  the  
average ac t iv i ty  being 35% less t h a n  in controls ;  the  
indiv idual  values are shown in the  Figure.  Values for all 
5 d iabet ic  ra ts  wi th  mani fes t  ke tonur ia  were less t h a n  
t h a t  of the  mean ;  these  ra t s  also had  mark ed l y  growth-  
r e t a rded  fetuses, wi th  the  average fetal  weight  being 
only 2.78 g a t  day  22 of p regnancy .  
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Comparison of findings in diabetic and non-diabetic control rats at day 22 of pregnancy 

Control Diabetic 
(injected with Streptozotocin) 

Maternal weight gain (g) 

Maternal blood sugar (rag/100 ml) 

Fetal blood sugar (mg/100 ml) 

Number of live-born fetuses per litter 

Number of apparent resorptions per litter 

Average placental weight (g) 

Average weight of live-born fetuses (g) 

Maternal liver weight (g) 

Maternai iiverd4-steroid reductase activity 
(bag corticosterone reduced per g liver slices per 30 min incubation) 

117 ~ 25 (20) 86 -4- 30 (31) 
t = 3.83 (P < 0.001) 

78 -c 13 (15) 275 ~ 28 (31) 
(p < o.ool) 

61 i 13 (15) 254 ~ 31 (28) 
(P < o.ool) 

13.09 ~= 2.26 (22) 11.26 4- 3.16 (30) 
t ~ 2.42 (P < 0.02) 

0.55 ~ 0.83 (20) 2.00 =L 2.85 (31) 
t = 22.1 (P < 0.001) 

0.45 :L 0.07 (20) 0.53 ~= 0.05 (29) 
t = 7.24 (P < 0.001) 

4.98 ~ 0.39 (20) 3.73 ~ 0.81 (30) 
t = 6.41 (P < 0.001) 

12.70 =k 1.50 (20) 15.50 -4- 1.98 (31) 
t = 5.44 (P < 0.001) 

268 =k 65 (18) 174 =k 74 (28) 
t = 4.46 (P < 0.001) 

Values shown are the mean -4- standard deviation. Figures in parentheses are the number of samples. ~ Single injection into tail vein (55 60 
mg/kg) on days 6, 7, or 8 of pregnancy. 
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L igh t  microscopic  e x a m i n a t i o n  of his tological  speci- 
mens  cons i s t en t ly  revea led  a homogeneous  c y t o p l a s m  
wh ich  lacked  si tes of glycogen depos i t s  in  t he  l iver  t i ssue  
of d iabe t i c  rats .  A p a r t  f rom th i s  a b n o r m a l i t y  wh'ich is 
charac te r i s t i c  of t he  d i abe t i c  condi t ion ,  no  evidence  for a 
d i rec t  toxic  effect  of s t r ep tozo toc in  on t he  m a t e r n a l  l iver  
t issue was a p p a r e n t .  

Discussion. The  l iver  is t he  m a j o r  s i te  of t he  m e t a b o l i c  
processes wh ich  i n a c t i v a t e  adrenocor t i ca ]  a n d  proges ta-  
t i ona l  s teroids.  A hepa t i c  def ic iency such  as t h e  decrease  
in t he  A4-3-ketone-s teroid r educ tase  a c t i v i t y  in t he  m a t e r -  
na l  d i abe t i c  l iver  obse rved  in t h e  p re sen t  s t u d y  could 
resu l t  in  t he  c o n c e n t r a t i o n s  of t h e  mos t  Mological ly  
ac t ive  forms of s te ro ids  be ing  increased  no t  only  in the  
m a t e r n a l  c i rcu la t ion  b u t  in  t h e  fe ta l  c i rcu la t ion  as well, 
s ince these  s te ro ids  pass  read i ly  across t he  p lacentaS,  9. 
A p a r t  f rom the  r educed  m a t e r n a l  l iver  s tero id  r educ tase  
ac t iv t iy ,  t h e  o the r  a b n o r m a l i t i e s  of p r e g n a n c y  which  were 
obse rved  in t he  d iabe t i c  r a t s  a n d  wh ich  were especial ly  
p r o n o u n c e d  in those  w i t h  man i f e s t  ke tonur ia ,  (i.e., 
decreased n u m b e r  of l ive fetuses,  increased  n u m b e r  of 
fe ta l  resorpt ions ,  a n d  m a r k e d  fe ta l  g r o w t h  r e t a rda t ion )  
h a v e  been  observed  b y  o thers  in non - d i abe t i c  p r e g n a n t  
an ima l s  t r e a t e d  w i t h  exogenous  cor t icos tero ids  1~ 

It is obviously impossible to determine whether a 
deficiency in hepatic zl4-3-ketone-steroid reductase 
activity, such as that observed in the pregnant diabetic 
rats, occurs in the pregnant human diabetic as well. 
Possibly, hepatic enzymes regulating other aspects of 
steroid metabolism (e.g., glucuronyl-conj ugating capacity) 
may also be adversely affected by diabetes5 

It would also be difficult to establish whether there is 
any relationship between the increased maternal blood 
levels of corficosteroids and estrogens observed in 
p r e g n a n c y  compl i ca t ed  b y  d iabe tes  1-5 and  the  increased 
inc idence  of abor t ion ,  congen i t a l  defects  of the  fe tus  and  
t he  fe ta l  g r o w t h  r e t a r d a t i o n  cha rac t e r i s t i c  of th i s  con- 
d i t i on  ~5-20 I t  is of i n t e r e s t  t h a t  a p a r t  f rom diabetes ,  t he re  
is a n o t h e r  compl i ca t i on  of h u m a n  p regnancy ,  i n t r a h e p a t i c  
cholestasis ,  w i t h  man i f e s t  s y m p t o m s  of l iver  d i s func t ion  
(hype rb i l i rub inemia  and  p ru r i tus )  in wh ich  t he re  is 
coexis tence  of e l eva ted  s te ro id  levels in  m a t e r n a l  p l a s m a  
and  increased r i sk  of p r e m a t u r e  l abor  a n d  fe ta l  m o r t a l i t y  
21--25 

Rdsumd. La p r o d u c t i o n  d ' u n  d iabg te  p a r  in jec t ion  i.v. 
de s t r ep tozo toc ine  au d 6 b n t  de la grossesse chez les r a t e s  
de YVistar, a m i n e  au  n i v e a u  du  foie m a t e r n e l  une  d iminu-  
t i on  du  m 6 t a b o l i s m e  et  de la cor t icos t6rone  pa r  l ' en t re -  
mise de la r6duc tase  A4-3-c6tone-st6roide,  in vi t ro .  
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Comparison of zJ~-3-ketone-steroid reductase activity of maternal 
liver obtained from day 22 of normal rat pregnancies and from pre- 
gnancies in which diabetes had been induced by streptozotoein 
injection. The horizontal lines indicate the mean values. @, Values 
for diabetic rats with manifest ketonuria. 
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