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The e f f e c t  of s t reptozotocin-induced d i abe t e s  dur ing  pregnancy i n  
r a t s  on p ro s t acyc l i n  syn the s i s  i n  a o r t a  and h e a r t  of o f f sp r i ngs  was 
i nves t i ga t ed .  Although t h e  a o r t i c  and h e a r t  syn theses  of 
6-keto-PGFla i n  t h e  o f f sp r i ngs  of d i a b e t i c  r a t s  were not  a l t e r e d  
a t  b i r t h ,  a  s i g n i f i c a n t  r i s e  i n  a o r t a  and a decrease  i n  t h e  h e a r t  
were ev iden t  a t  weaning. A t  weaning, o f f sp r i ngs  of d i a b e t i c  r a t s  
a l s o  show a s i g n i f i c a n t  r i s e  i n  plasma cho l e s t e ro l .  These s t u d i e s  
show t h a t  maternal  d i abe t e s  might cause e f f e c t s  i n  t he  o f f sp r i ng  
which might become ev ident  i n  l a t e r  l i f e .  o 1985 Soc ie ty  for  Experimental 
Biology and Medicine. 

The metabol ic  e f f e c t s  of materna l  
d i abe t e s  on t h e  f e t u s  and t h e  neonate 
have been ex t ens ive ly  i n v e s t i g a t e d  (1) .  
Recent s t u d i e s  i n  s treptozotocin-induced 
d i abe t e s  i n  r a t s  showed a decrease  i n  
va scu l a r  PGI2 s y n t h e s i s  (2-4). This  
f i n d i n g  was a l s o  confirmed i n  
spontaneously d i a b e t i c  BB r a t s  ( a  model 
of type I of human d i abe t e s )  ( 5 ) ,  
i n d i c a t i n g  t h a t  t h i s  was no t  due t o  a  
d i r e c t  e f f e c t  of s t r ep tozo toc in .  The 
decrease  i n  va scu l a r  PGI2 s y n t h e s i s  was 
observed i n  humans wi th  a d u l t  and 
j u v e n i l e  onse t  d i abe t e s  (6 ,7) .  However, 
t h e  e f f e c t  of materna l  d i abe t e s  on t he  
va scu l a r  p r o s t a c y l i n  syn the s i s  i n  t h e  
neonate has not  been i nves t i ga t ed .  
S ince  va scu l a r  p ro s t acyc l i n  syn the s i s  
w i l l  be important  i n  t h e  r e g u l a t i o n  of 
blood flow i n  t he  f e t u s  and i n  t h e  
neonate (8), it was decided t o  
i n v e s t i g a t e  t h e  e f f e c t  of s t r e p t o z o t o c i n  
induced d i abe t e s  i n  pregnant r a t s  on t h e  

*Supported by Fogarty I n t e r n a t i o n a l  
Fel lowship (SPB) and g r an t  HL-24071 
from NHLBI (MTRS) 

**To whom correspondence should be 
addressed 

va scu l a r  p ro s t acyc l i n  syn the s i s  and 
plasma l i p i d  l e v e l s  i n  t he  o f f sp r i ngs  a t  
b i r t h  and a t  weaning. The s t u d i e s  
r e v e a l  t h a t  o f f sp r i ngs  of d i a b e t i c  r a t s  
show delayed abnormal i t i es  i n  plasma 
c h o l e s t e r o l  l e v e l s  and vascula r  
PGI s y n t h e s i s  which become ev ident  only 

2 
a t  weaning. 

Pregnant Sprague-Dawley r a t s  were 
ob ta ined  from Charles  Rivers  
Labo ra to r i e s  Inc.  (Wilmington, Mass.). 
Animals were f ed  Pur ina  chow s tock  d i e t  
and water  ad  l ib i tum.  A t  1  week of 
pregnancy r a t s  were randomly s epa ra t ed  
i n t o  con t ro l  and s t r e p t o z o t o c i n  
t rea tment  groups. Rats i n  t h e  l a t t e r  
group were made d i a b e t i c  (9,lO) by 
in t ravenous  ( t a i l  ve in)  i n j e c t i o n  of 50 
mg/kg body weight s t r e p t o z o t o c i n  (Sigma 
Chemical Co, S t .  Louis ,  MO) i n  c i t r a t e  
bu f f e r  (0.1 M c i t r i c  a c i d  and 0.145 M 
NaC1, pH 4.5). Control  r a t s  were 
i n j e c t e d  w i th  an  equiva len t  volume of 
c i t r a t e  buf fe r .  The induc t ion  of 
d i a b e t e s  was confirmed two days l a t e r  by 
e l e v a t e d  l e v e l s  of plasma glucose,  t o t a l  
c h o l e s t e r o l  and t r i g l y c e r i d e s .  Plasma 
g lucose  was measured by t h e  glucose 
ox idase  technique,  us ing  a Beckman 
g lucose  ana l i z e r .  Plasma t o t a l  
c h o l e s t e r o l  and t r i g l y c e r i d e s  were 
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TABLE I :  Plasma c h o l e s t e r o l ,  t r i g l y c e r i d e s  and g lucose  i n  pregnant r a t s  a f t e r  
s t r e p t o z o t o c i n  a d m i n i s t r a t i o n  

GROUP CHOLESTEROL TRIGLYCERIDES GLUCOSE 
(mgldl )  (mg/dl)  (mgldl)  

CONTROL ( 4 ) t  83.25 + 7.03 218.00 f 41.80 134.75 f 3.75 

tnurnber of animals 

R e s u l t s  a r e  presented  a s  X 2 SEM 

*p < 0.01 

measured by t h e  methods of t h e  L ip id  
Research C l i n i c s  (11) .  

A t  t h e  20 th  day of pregnancy, t h e  
r a t s  were submit ted t o  a  Caesarean 
s ec t i on .  Blood was c o l l e c t e d  from t h e  
neonates by decap i t a t i on  ( 9 ) .  Aorta and 
h e a r t  t i s s u e s  were d i s s e c t e d  r ap id ly  and 
used f o r  p ros tag landin  s t ud i e s .  Some of 
t h e  pregnant  r a t s  were allowed t o  reach  
term and t h e  neonates were kep t  w i th  
t h e i r  r e spec t i ve  mothers u n t i l  weaning 
( 3  weeks). I n  t h e  three-week-old 
o f f sp r i ngs  blood was c o l l e c t e d  through 
c a r d i a c  puncture,  and a o r t i c  and h e a r t  
t i s s u e s  were used f o r  p ros tag landin  
s y n t h e s i s  s t ud i e s .  Blood plasma was 
used f o r  t o t a l  c h o l e s t e r o l  and 
t r i g l y c e r i d e  de te rmina t ions  (11) .  

I n  t h e  animals  of both groups,  t h e  
t h o r a c i c  a o r t a  was qu ick ly  d i s s ec t ed ,  
c l e a r ed  of connect ive and f a t t y  t i s s u e ,  
and cu t  i n t o  small  r i n g s  3-5 mm i n  
length .  The h e a r t s  were a l s o  removed, 
c l e a r ed  of blood, and cu t  i n t o  smal l  
p ieces .  Aorta r i n g s  and h e a r t  p i ece s  
were p laced  i nd iv idua l l y  i n  0.5 m l  of 
phosphate-buffered s a l i n e  (NaC1, 8 
g / l i t e r ;  K C 1 ,  0.2 g l l i t e r ;  0.1 
g / l i t e r ;  MgC12ZH20, O.lCaCglf;iter; 
Na HP04 2H 0 ,  1 . f5  g l l i t e r ;  KH PO 0.2 
g / $ i t e r i  g$ucose, 1 g l l i t e r ,  p 2 7 . 4 j  and 
incubated  a t  37OC f o r  10 min. A t  t h e  
end of t h e  incuba t ion  per iod  t h e  
s o l u t i o n  was removed w i th  a  p i p e t t e  and 
f rozen  a t  - 2 0 ' ~ .  The concent ra t ion  of 
6-keto-PGF1, was then  measured u s ing  
radioimmunoassay wi th  an t i - s e r a  ob ta ined  
from Kew S c i e n t i f i c ,  Inc.  (Columbus, 
OH). 

For a o r t i c  assays  t h e  amount of 
6-keto-PGF1, formed was normalized by 
t h e  su r f ace  a r e a  of t h e  a o r t i c  r i n g  
(10) .  Surface a r e a  was measured a f t e r  
c u t t i n g  t h e  r i n g  open and l ay ing  i t  
f l a t .  Two measurements of l eng th  and 
wid th  were made us ing  a Bausch and Lomb 
measuring magni f ie r  equipped w i th  a  
m e t r i c  s c a l e  (one d i v i s i o n  = 0.lmm). 
Sur face  a r e a  was c a l c u l a t e d  by t ak ing  
t h e  product  of t h e  average l eng th  and 
width. For h e a r t  assays  t h e  amount of 
6-keto-PGFl, formed was normalized by 
t h e  t i s s u e  weight. 

S t a t i s t i c a l  a n a l y s i s  was c a r r i e d  
ou t  wi th  t h e  S tuden t ' s  t t e s t ,  w i t h  p- 
va lue s  < 0.05 being considered a s  
s t a t i s t i c a l l y  s i g n i f i c a n t .  

Table I shows t h e  plasma glucose 
and l i p i d  l e v e l s  i n  con t ro l  and d i a b e t i c  
pregnant  r a t s .  I n  accordance w i th  
prev ious  obse rva t i ons  ( 4 , 5 ) ,  d i abe t e s  
caused a s i g n i f i c a n t  i n c r e a s e  i n  t h e  
l e v e l  of a l l  t h e s e  components. 

Table I1 shows t h e  body weight and 
plasma l i p i d  l e v e l s  a t  b i r t h  and a t  
weaning of o f f s p r i n g s  from con t ro l  and 
d i a b e t i c  r a t s .  The neonates from diabe- 
t i c  r a t s  weighed s i g n i f i c a n t l y  l e s s  ( p  < 
0.01) t han  c o n t r o l  neonates. The plasma 
l i p i d  l e v e l s  a t  b i r t h  were no t  d i f f e r e n t  
between t h e  two groups, but  weaning 
o f f s p r i n g s  of d i a b e t i c  r a t s  showed a 
s i g n i f i c a n t  r i s e  i n  plasma cho l e s t e ro l .  

Table  I11 shows t h e  s y n t h e s i s  of 
6-keto-PGF1 i n  h e a r t s  and a o r t a s  of 
o f f s p r i n g s  from t h e  two groups of 
animals .  The va lues  between t h e  two 
groups were no t  d i f f e r e n t  a t  b i r t h .  



RAPID COMMUNICATIONS 

TABLE 11: Plasma c h o l e s t e r o l  and t r i g l y c e r i d e s  and body weight of o f f sp r ings  
of r a t s  t r e a t e d  w i th  s t r e p t o z o t o c i n  dur ing  pregancy 

CHOLESTEROL TRIGLYCERIDES BODY WEIGHT 
(mgldl)  (mg/dl) (g  1 

GROUP Newborn 3 weeks Newborn 3 weeks Newborn 3weeks 

CONTROL 70.15 + 6.30 139.00 + 37 54.21 + 3.72 64.25 + 6.39 5.80 2 0.19 31.64 2 0.88 
(3 t ( 4 7  6) (7) (13) (4 )  

DIABETIC 67.61 2 4.21 225.83 + 19.09* 47.89 + 6.89 68.50 2 7.74 4.30 + O*11** 20.08 2 0.93** 
(5 )  (6) (7) (6 (17) (6 )  

tnumber of animals 

Resu l t s  a r e  presented  a s  2 SEM 

TABLE 111: 6-Keto-PGF1, syn thes i s  i n  a o r t a  and h e a r t  of o f f s p r i n g s  of r a t s  
t r e a t e d  wi th  s t r e p t o z o t o c i n  du r ing  pregnancy 

GROUP 
Basal  6-Keto-PGF1, Synthes is  

AOgTA HEART 
( p g l m  110min) (pg/mg/lO min) 

Newborn 166.25 + 44.97 
CONTROL ( 7 R  

3 weeks 210.22 + 21.61 
< 4 7  

Newborn 183.38 + 57.56 
DIABETIC ( 8 7  

3 weeks 735.08 + 29.23* 
( 5'7 

t number of animals 

Resu l t s  presented  a s  2 SEM 

*p < 0.01 i n  comparison t o  newborn of d i a b e t i c  group and t o  3 week o ld  r a t s  
from c o n t r o l  group. 

**p < 0.02 i n  comparison t o  newborns of the  same group. 
//p < 0.05 i n  comparison t o  3 week o ld  r a t s  from c o n t r o l  group. 
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But, a t  weaning, o f f sp r i ngs  of d i a b e t i c  
r a t s  showed a s i g n i f i c a n t  (p < 0.05) 
r i s e  i n  a o r t i c  and a decrease  i n  t h e  
c a r d i a c  s y n t h e s i s  of 6-keto-PGF1, . 

The r e s u l t s  of t h i s  s tudy show t h a t  
a l though materna l  d i abe t e s  does not  
a l t e r  plasma l i p i d  l e v e l s  and vascula r  
PG12 s y n t h e s i s  a t  b i r t h ,  i t  causes some 
delayed e f f e c t s  which become ev ident  a t  
weaning. The most s t r i k i n g  change is 
t h e  marked i nc r ea se  i n  plasma 
c h o l e s t e r o l  l e v e l s  i n  off  sp r i ngs  of 
d i a b e t i c  r a t s .  Since r a t s  a r e  known t o  
be h igh ly  r e s i s t a n t  t o  
hypercholes te ro lemia  (12) ,  t h i s  marked 
r i s e  i n  plasma c h o l e s t e r o l  i n d i c a t e s  
t h a t  maternal  d i abe t e s  causes a  change 
i n  some key parameter of c h o l e s t e r o l  
metabolism. 

Su rp r i s i ng ly ,  changes i n  t he  
p r o s t a c y c l i n  syntheses  i n  t h e  a o r t a  and 
h e a r t  were i n  oppos i te  d i r ec t i ons .  
While t he  h e a r t  p ro t acyc l i n  syn the s i s  a t  
weaning i n  t h e  o f f sp r i ngs  of d i a b e t i c  
r a t s  decreased s i g n i f i c a n t l y  , l e v e l s  i n  
t h e  a o r t a  increased .  I n  a d u l t  r a t s ,  
s t rep tozotoc in- induced  d i abe t e s  i s  known 
t o  cause oppos i te  changes i n  va scu l a r  
p ro s t acyc l i n  syn the s i s ,  w i th  i nc r ea se s  
i n  h e a r t  (13) and decreases  i n  a o r t a  
( 4 , 5 ) .  The mechanism r e spons ib l e  f o r  
t h e s e  d i ve r s e  changes i s  not  c l e a r .  One 
p o s s i b i l i t y  t o  be considered i s  t h a t  t h e  
neonates of d i a b e t i c  mothers a r e  
hyper insu l inemic  (14). This  may be 
r e spons i b l e  f o r  t h e  i n c r e a s e  i n  a o r t i c  
PGI2 s y n t h e s i s  un l i ke  i n  t he  a d u l t  whose 
d i abe t e s  causes hypoinsulinemia. This  
might a l s o  exp l a in  why t h e  h e a r t  i n  t h e  
neonate of d i a b e t i c  r a t s  responds i n  t h e  
oppos i t e  d i r e c t i o n  t o  t h a t  noted i n  
a d u l t s  (13) .  Why the se  e f f e c t s  d id  no t  
appear  i n  t h e  newborns immediately a f t e r  
b i r t h  is  not  known. 

I n  t h i s  connect ion i t  i s  
i n t e r e s t i n g  t o  no te  t h a t  S t u a r t  e t  a l .  
(15)  have shown t h a t  PGI2 s y n t h e s i s  is 
decreased i n  umbi l ica l  cords of i n f a n t s  
from d i a b e t i c  mothers. Our s t u d i e s  i n  
r a t  a o r t a s  do not  confirm t h e i r  
observa t ions .  

I n  our s tudy it i s  not  pos s ib l e  t o  
d e l i n e a t e  whether o r  not  t h e  noted 
changes i n  many of t h e  parameters  a r e  
due t o  t h e  e f f e c t  of d i abe t e s :  a )  dur ing  
t h e  f e t a l  per iod  or  b) dur ing  suckl ing .  
Fu r the r  s t u d i e s  dur ing  d i f f e r e n t  s t a g e s  
of development a r e  needed t o  determine 
t h e  exac t  s i t e  and na tu r e  of t h e  e f f e c t  
of materna l  d iabe tes .  Never the less ,  our 

s t u d i e s  show t h a t  materna l  d i abe t e s  
causes  e f f e c t s  i n  t h e  o f f s p r i n g  which 
may become ev ident  i n  l a t e r  l i f e .  
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