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~ i e r  de l ' U n i v e r s i t 6  Lava l ,  Qugbec, P.Q. 
, 

;,ss'r: ' $:T 
se. n T3 c o n c e n t r a t i o n s  are 

.;et.ks and i n c r e a s e  p r o g r e s s i v e -  
l y  t h e r e a f t e r  t o  t e r m ,  b u t  b o t h  
73 and f r e e  T 3  ( F T 3 )  l e v e l s  a r e  T 3  and T 4  w e r e  measured i n  
lower than  p a i r e d  m a t e r n a l  con- 
cdn t r a t ions .  Moreover, th rough-  body radioimmunoassay (RIA)  
out g e s t a t i o n  T 4 / T 3  and  FT4/FT3 
r a t i o s  c o n s i s t e n t l y  exceed  a n i  l i n o  , 1-nap tha lene  
sa i rcd  ma te rna l  r a t io s .  The s u l f o n i c  a c i d  (ANS) t o  b lock  

f e t u s e s  between 1 3 - a n d  31 weeks ---- - 
( 15 ng/100 m l )  b e f o r e  2 4  g e s t a t i o n .  

METHODS 

whole serum u s i n g  d o u b l e  a n t i -  

p rocedures  employing 8- 

t hy rox ine -b ind ing  g l o b u l i n  ) ;can ~ 4 / ~ 3  c o n t e n t  r a t i o  oi 

I s i m i ' i r  t o  t h a t  ( 1 9 . 5 )  of FT3 and FT4 w e r e  ineasured by 
I 2dul g lands .  These  d a t a  i n -  m o d i f i c a t i o n  of t h e  d i a l y s i s  
: d i c a  -: t h a t  a s t a t e  of r e l a t i v e  and magnesium p r e c i p i t a t i o n  
, fet; T 3  d e f i c i e n c y  e x i s t s  i n  t echn ique  of S t e r l i n g  and 
' the iman a s  i n  t h e  sheel;. Brenner ( 5 ) .  F e t a l  t h y r o i d  
1 Thi: l e f i c i e n c y  p r o b a b l y  i s  n o t  g lands  w e r e  o b t a i n e d  a t  

due 3 dec reased  T 3  s e c r e t i o n .  au topsy  , weighed , and 

INT. DUCTION a n a l y s i s ,  t h e  g l a n d s  w e r e  

i c t a l  t h y r o i d  g l a n d s  ( 1 4 . 3 )  i s  ( T B G )  ( 2  I 3  I 4 )  * 

t immediately f r o z e n .  For 

thawed and d r i ed  a n a  t h e  d r i e d  f - .  , have r e p o r t e d  t h a t  serum 
i T3 . - ancen t r a t ions  i n  f e t a l  g l ands  reweighed ,  homogenized, 

shec-p $re lower t h a n  p a i r e d  and hydro lyzed  w i t h  p r o n a s e  
maternal l e v e l s  and t h a t  under n i t r o g e n  as described by 
f e t a l  serum T 4 / T 3  concen- Inoue and Taurog ( 6 ) .  T3 and 

; t r a t i o n  r a t i o s  are h i g h e r  t h a n  T4 c o n c e n t r a t i c n s  i n  t h e  homo- 
maternal ra t ios  (1). T3 t u r n -  gena te  h y d r o l y z a t e s  w e r e  

I Over  a l s o  i s  r e l a t i v e l y  l o w ,  
! and the, r a t i o  of T 4  t o  T 3  t u r n -  r e c e n t l y  f o r  a d u l t  g l a n d s  ( 7 ) .  
, Over i s  g r e a t e r  i n  f e t a l  t h a n  
1 nat .e rna l  sheep  (I). To d e t e r -  RESULTS I mine whether  a s i m i l a r  s t a t e  of The serum T 3  and T 4  d a t a  are 

r e l a t i v e  T3 d e f i c i e n c y  e x i s t s  shown i n  Table I.  T3 w a s  n o t  
in t h e  human f e t u s ,  w e  measured d e t e c t e d  i n  f e t a l  b l o o d  b e f o r e  
T 3 ,  F T 3 ,  T 4 ,  and F T 4  i n  co rd  2 4  w e e k s  g e s t a t i o n  a t  a resolu- 

' blood o f  8 f e t u s e s  aborted by t i o n  l i m i t  of t h e  T 3  RIA of 15 
e l e c t i v e  uterotomy between 1 3  ng/100 m l .  T3 w a s  detected i n  

, and 2 4  weeks g e s t a t i o n  and i n  1 3  of  t h e  1 6  f e t a l  specimens 
. 16 newborn i n f a n t s  d e l i v e r e d  between 25 and 4 0  w e e k s ,  and 

v a g i n a l l y  between 25 and 4 0  t h e  c o n c e n t r a t i o n s  of T 3  and 
; weeks. I n  a d d i t i o n ,  t h e  T 3  F T 3  seemed t o  i n c r e a s e  pro-  
t and T4  c o n t e n t  cf 14 human g r e s s i v e l y  d u r i n g  t h i s  p e r i o d .  

f e t a l  t h y r o i d  g l a n d s  w a s  However, even  a t  t e r m ,  f e t a l  
measured t o  deterr;..ine whether  c o n c e n t r a t i o n s  w e r e  lower than  : t h e  T 3  a v a i l a b l e  f o r  s e c r e t i o n  p a i r e d  m a t e r n a l  v a l u e s .  F e t a l  

' might be r e l a t i v e l y  d e f i c i e n t .  serum T 4  and FT4 c o n c e n t r a t i o n s  
r These glancis w e r e  o b t a i n e d  a l s o  i n c r e a s e d  p r o g r e s s i v e l y  
' from a b o r t e d  o r  s t i l l b o r n  beti ieen 1 3  and 4 0  weeks. 

measured by RIA as d e s c r i b e d  
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However , t h e  r a t e  o f  i n c r e a s e  
of T3 exceeded t h a t  of T4  SO 
t h a t  T 4 / T 3  and FT4/FT3  r a t i o s  
i n  f e t a l  sera  dec reased  pro-  
g r e s  s i v e  l y  w i t h  i n  cre a s  i n  g 
g e s t a t i o n a l  age ;  mean v a l u e s  
betiJeen 35  and 40 weeks were 
188/1 and 192/1 , r e s p e c t i v e l y ,  
whereas t h e  mean  r a t i o s  i n  
ma te rna l  se ra  were 1021'1 and 
87/1 , r e s p e c t i v e l y .  

The f e t a l  t h y r o i d  g l a n d  T 3  
and T4 c o n t e n t  d a t a  are 
shown i n  Table  X I .  90th T 3  
and T4 c o n t e n t  t e n d e d  t o  i n -  
c r e a s e  p r o g r e s s i v e l y  between 
13  and 3 1  w e e k s ,  b u t  the T4 /T3  
r a t i o  remained r e l a t i v e l y  con- 
s t a n t ;  t h e  mean (and  SEMI r a t i o  
was 1 4 . 3  _+ 4 . 5 .  

DISCUSSION 
W e  have shown i n  man t h a t  

t h e r e  i s  no c o r r e l a t l o n  be- 
tween m a t e r n a l  and f e t a l  s e rum 
T4 o r  FT4 c o n c e n t r a t l o n s  a t  any 
t ime d u r i n g  qes  t a t i o n  ( 8 , 9  1 : 
t h e  p r e s e n t  r e s u l t s  conf i rm 
t h e s e  e a r l i e r  o b s e r v a t l o n s  and 
i n d i c a t e  t h a t  ma te rna l  and 
f e t a l  serum T 3  and FT3 concen- 
t r a t i o n s  a l s o  a r e  d i s s i m l l a r .  
Larsen , t o o  , has  r e p o r t e d  l o w  
t o t a l  T3 c o n c e n t r a t i o n s  i n  
human co rd  b lood  (10). 

The l o w  T 3  and FT3 l e v e l s  i n  
f e t a l  b lood  n e a r  te rm occur  i n  
a s s o c i a t i o n  w i t h  serum T4 and 
FT4 l e v e l s  comparable  t o  or even 
exceeding  m a t e r n a l  v a l u e s  
(Table  I ) .  Thus , t h e  mean 
f e t a l  serum T 4 / T 3  and FT4/FT3 
c o n c e n t r a t i o n  r a t i o s  between 3 5  
and 40 weeks a r e  much h ighe r  
t h a n  t h o s e  i n  p a i r e d  ma te rna l  
blood. These d a t a  i n d i c a t e  
t h a t  a s t a t e  of r e l a t i v e  f e t a l  
T 3  d e f i c i e n c y  e x i s t s  i n  t h e  
human a s  i n  s h e e p  (1, 11). 
P o s s i b l e  e x p l a n a t i o n s  i n c l u d e :  
a)  a r e l a t i v e l y  h i a h  T4/T3 
s e c r e t i o n  r a t i o  from t h e  f e t a l  
t h y r o i d  g l a n d ;  b )  a r e l a t i v e l y  
l o w  r a t e  of T4  t o  T 3  conversion 
by e x t r a t h y r o i d a l  t i s s u e  of 

i 
h igh  r a t e  of T 4  Conjugat ion ! 
T 4  i s  . r e l a t i v e l y  u n a v a i l a b l e  i 
f o r  c o n v e r s i o n  t o  T3. The I. 

t h e  fetus; or  c)  a r e l a t i v e l y  E 

and b i l i a r y  e x c r e t i o n  so t h a t  ; 

f i r s t  p o s s i b i l i t y  i s  exc luded  
by t h e  p r e s e n t  resul ts .  The t 
mean ~ 4 / T 3  r a t i o  i n  t h e  f e t a l  
t h y r o i d  ( 1 4 . 3 / 1 ,  Table  11) is f 
s imi la r  t o  t h a t  (19,5/1) which i 
w e  have  r e p o r t e d  r e c e n t l y  i n  
t h e  e u t h y r o i d  a d u l t  ( 7 ) .  Thus, f 
t h e  f e t u s  e i t h e r  cannot  c o n v e r t  I 
T 4  t o  T 3  a t  a ra te  comparable to: 
t h e  a d u l t  o r  T4 i s  unavai l . ab le  
f o r  such  convers ion .  t 

T h i s  T 3  d e f i c i e n c y  might  
r e p r e s e n t  a s t a t e  of r e l a t i v e  C 
hypo thyro id i sm,  s i n c e  f , e t a l  
serum TSH c o n c e n t r a t i o n s  d u r i n g !  
t h e  l a s t  h a l f  of g e s t a t i o n  are i 
h i g h e r  t h a n  m a t e r n a l  levels (8, ! 
9 , 12,13). Although t h i s  possi-i 
b i l i t y  cannot  be exc luded ,  it. 1 seems u n l i k e l y .  F i r s t ,  t h e  
c o n c e n t r a t i o n s  of a n t e r z o r  a- 2 ; 
p o s t e r i o r  p i t u i t a r y  hormones 
i n  f e t a l  blood between 2 0  ar: 
4 0  weeks g e s t a t i o n  general;!' 
are e l e v a t e d ,  inc ludina ;GH,  
FSH, LH, and ADH ( 1 4 - 1 6 )  , ai 
t h e  e l e v a t e d  serum TSII leve:  ' 

probab ly  r e f l e c t s  t h i s  ger?e ;1 
h y p o t h a l a m i c - p i t u i t a r y  over  
a c t i v i t y  ; Grumbach suqges t s  
t h a t  t h i s  hypothalamic over- 
a c t i v i t y  i s  due t o  a l a c k  G -  : 
h i g h e r  c e n t r a l  nervcius s y s t : . ~ ~  : 
i n h i b i t o r y  i n p u t  ( 1 5 ) .  Seso.n.5,; 
t h e  f e t u s  i s  capab le  of  rc -  
s p ond i ng t o  h q' p o t h y r o i d i s ir, !J it !: 
marked hype r thy ro t rop inemis  
(17). Moreover, f e t a l  serum T3 
levels i n c r e a s e  markedly i n  re- 
sponse  t o  t h e  TSH s u r g e  d u r i n g :  
t h e  e a r l y  hour s  of extrautkyrine 
l i f e  (18,19). Thus,  t he  f . t u s .  
i s  c a p a b l e  of augmenting 7"Fi  
and T 3  secre t ion ,  and i n c l  38e t  
l e v e l s  o f  bo th  hormones m :?E . 
b e  e x p e c t e d  a s  a m a n i f e s t ,  ion 
of hypothyro id ism i n  t h e  1 -es-, 
ence  of r e s i d u a l  func t io r ,  I 
t h y r o i d  t i s s u e .  
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1 q  18 4.3 168 487 . - .. 

? 
! 28 19 10.5 200 10 
I 32 4.8 288 5 29 

29 30 4.2 280 5 
-4n 15 3.0 180 378 - - -  

Serum thy rox ine  and t r i i o d o t h y r o n i n e  c o n c e n t r a t i o n s  i n  
T a t e r n a l  and f e t a l  s e r a  between 13 and 40 weeks u e s t a t i o n  

Materna 1 F e t a l  
FT 3 T4 FT4 T3 FT3 T4 FT4 T3 

pg % 
.qg e wks 1 vg% nq% nu% 

2.0 1.6 <15 --- 13 14 3.4 168 453 
18 3.8 174 331 2.4 1.9 <15 < l o 2  

13 16 12 2.3 160 384 2.6 2.3 <15 <114 
4 17 11 2.5 204 673 2.2 2.0 <15 <122 

18 4.1 152 395 3.1 2.0 <15 <111 

<95 
18 

- 1.9 1.0 <15 17 3.2 224 560 
2.5 1.6 < 1 5  

i a  

12 3.0 184 423 4.2 2.7 <15 < l o 5  

< 75 
24 22 3.5 180 288 5.6 3.1 <15 

32 

pa% nq% nu% pq% _- 

--- ** 

- - 40 14 2.2 20 
18 11 4.4 26 112 
32 13 5.2 <15 <71 

10 4.2 33 16 2 
141 

3.8 66 224 77 16 3.4 200 340 
-60 7.2 3.6 < 1 5  < 69 

8 395 17 4 17 3.6 126 315 

256 
7c; 21 3.6 180 378 17 4.8 80 

56 3 16 4.2 72 216 

17 32 5.1 168 268 11 4.1 72 187 
14 4.8 52 203 

6.1 68 252 
302 

-1 19 3.0 160 3 5 2  14 3.9 44 
32 9 

5.6 2.0 26 94 
ad 

4 ,  3 36 16 4.2 70 210 

--I 
_ _ _  

-1 ,6 34 19 4.4 200 5 
34 19 2.9 2 0 -  - ? 

a IC. 28 4.2 208 C 

7 - 36 26 5.2 256 ! 
1 -47 19 3.0 160 : 

- .  I -  

38 16 2.2 144 3 
18 2.3 184 386 

!e an 19.6 3.9 193 447 

! 

J-J - !4 40 

1 Z>l 1.2 0.3 7.7 33 

I 

2.6 1.9 <15 <lo8 

10 9 

I-lean 13-24 wks 

Mean 25-34 wks 9.9 3.6 30 
SEM 0.3 0.2 -- <4 

SEM 1.1 0.3 5.9 20 

Mean 35-40 wks 14.5 4.5 77 234 
0.9 0.3 8.7 16 

f 
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Tab le  11. F e t a l  t h y r o i d  g l and .we igh t  and T4 and T 3  c o n t e n t  
T 3  T4 /T3  , t W e t  w t .  Dry w t -  T4  

p q/g l and  u q  /g land  
F e t  Age 

f 
1 6  i 

4 1 6  1 2  L 

N o .  (wks) mg mg 

i 

! 

0 .06  0 .010  6 . 0  
0 .025  0 . 4 0  

5 .0  0 .010  0 .05  
0.011 11 0.12 
0 . 0 4 4  

2 . 5  
0 .52  

0 . 0 2 5  0 . 8 3  
0 .020  6 . 0  0 . 1 2  

0 . 2 2  0 .020  
0 .052  0 . 7 6  
0 . 0 6 0  1 . 6  0 . 9 6  
0 . 0 4 4  7 0  i 3 . 2 0  
0 .120  1 . 5 2  

2 . 8 0  0.220 
0 .150  3.00 

1.1 2 2  13 
6 . 4  

1 
30 1 5  2 

1 . 8  11 3 1 6  
7 . 7  24 

3 4  6 . 0  1 6  5 
1 0 . 0  5 1  6 1 7  

3 . 7  2 3  7 1 7  
5 . 4  4 8  1 7  8 

4 4 . 6  1 8  1 0 7  9 
3 7 . 5  1 0 9  1 0  1 9  
3 4 . 5  87 20  11 

6 7  1 2  20  
1 3 4  2 6  315  13  

1 4  31 565  2 0 6  

i 
1 

11 
1 4  

i 

1 9 . 0  1.3 ! 
I 
i 

i 
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20 
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