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and the  p lasma  assayed for cor t icosterone con ten t  using 
the  microf luorometr ic  m e t h o d  of OLICK et al. 4. The resul ts  
are shown in Figure  1. Up  to day  10 of p regnancy ,  the  
stress response is similar to t h a t  of non -p regnan t  mice. 
After  day  10, there  is a progressive increase in p lasma  
cor t icos terone levels dur ing  stress,  reaching a 10-fold in- 
crease over  n o n - p r e g n a n t  s tress levels by  day  16. 

In  the  second series of expe r imen t s  mice were in jec ted  
s.c. wi th  40, 160 or 640 m l U  of ACTH (Acthar  Cortico- 
t rophin ,  Armour  Pharmaceut ica l s ,  England)  on one of 
days  8 ,  11 or 16 of p r e g n a n c y  af ter  suppress ion of the  
p i tu i t a ry -ad rena l  axis w i th  dexame thasone  (0.4 mg i.p.) 
20 h before the  in jec t ion  of ACTH, followed by  pen to -  
ba rb i t a l  (80 mg/kg i.p.) plus ch lorpromazine  (20 mg/kg  s.c.) 
0.75 h before inject ion of ACTH 5. N o n - p r e g n a n t  controls  
were also t r ea t ed  similarly.  A contro l  blood sample was 
t aken  f rom the  re t ro-orb i ta l  sinus immedia te ly  before the  
inject ion of ACTH and  a second blood sample t aken  I h 
later, th is  hav ing  been shown in p re l iminary  exper iments  
to be the  t ime of the  peak  p lasma cor t icos terone response  
to ACTH in the  p r egnan t  and n o n - p r e g n a n t  mouse. The 
results  are shown in Figure  2. 

These show t h a t  on day  16 of pregnancy,  when  in- 
creases in p lasma  cor t icos terone  levels in response to 
stress were much  greater  t h a n  in early pregnancy,  there  
was also a m u c h  greater  increase in p lasma cor t icos terone 
levels in response to given doses of ACTH. Thus i t  is no t  
necessary  to propose t h a t  there  is any increase in the  

secret ion of ACTH in response  to  stress in the  second half  
of p regnancy  compared  wi th  the  first  hal f  of pregnancy .  
The difference could be accounted  for e i ther  by  an in- 
crease in the  sens i t iv i ty  of t he  adrena l  g lands  to ACTH 
or by  a decreased ra te  of me tabo l i sm of cor t icosterone.  
This second possibi l i ty  would seem to be the  mos t  l ikely 
mechan i sm in view of the  known  increase in p ro te in  
b inding  of the  ho rmone  dur ing  the  second half  of preg- 
nancy1,2,% The lower m a x i m u m  response to  exogenous 
ACTH compared  wi th  stress observed in the  p resen t  ex- 
pe r imen t s  m a y  be due to  a lower sens i t iv i ty  of the  adrena l  
gland to ACTH, which is known to  occur by  24 h following 
chemical  suppress ion or h y p o p h y s e c t o m y L  
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Summary .  Thyro id  S t imula t ing  Hormone  (TSH) increased the  levels of p lasma f ibr inogen in the  presence  or absence 
of the  thyro id  gland. This f inding suggests  t h a t  th is  ho rmone  produces  an elevat ion of f ibr inogen in ra t s  by  an ex t ra -  
thyro idea l  mechanism.  

The mechan i sms  t h a t  modi fy  the  normal  levels of 
p la sma  f ibr inogen are no t  well known,  a l though  i t  re- 
cen t ly  has been d e m o n s t r a t e d  t h a t  bo th  the  h y p o t h a l a m u s  
and the  hypophys is ,  and  some of its hormones  or prod-  
ucts,  are involved~-L Besides, the  h y p o t h a l a m u s - h y p o -  
phys i s - thyro id  axis is ve ry  i m p o r t a n t  in the  regulat ion of 
p la sma  proteinsS, 9. In  a previous  s tudy,  we have  found 
t h a t  the  removal  of t he  t hy ro id  gland in ra ts  increments  
p lasma f ibr inogen levels (unpubl ished data).  E x t i r p a t i o n  
of thy ro id  gland leads to a decrease of the  negat ive  feed- 
back  exer ted  by  thy ro id  hormones  on the  hypophys i s  
and  hypo tha l amus ,  w i th  a consequen t  inc remen t  in 
t hy ro id  s t imula t ing  ho rmone  (TSH) levels. Thus, we 
t h o u g h t  it  of in te res t  to  s tudy  the  role of T S H  on the  
levels of p la sma  f ibrinogen.  

~/Iaterial a~zd methods. 177 female ra ts  weighing f rom 
170 to 220 g and fed wi th  a ba lanced diet  (20% m i n i m u m  
of proteins)  were used. Bovine TSH,  N H I - T S H  B6 
(National  In s t i t u t e  of Hea l th ,  relat ive mean  po tency :  
2.54 U.S.P .  uni ts /mg),  h igh ly  purified,  was used in doses 
of 12 p.g/day. L- thyroxine (T4) and  3 ~ 3' 5- t r i iodothyronine  
(T3) Sigma were employed  in doses of 10 ag /day  each one. 
The hormones  were dissolved in alkaline saline solut ion ~0 
and  admin i s t r a t ed  by  dai ly  i .m.  injection.  P ropy l th io -  
uracil  (PTU) (Gramdn) was given in 0.05% solution in 
dr inking water .  10 days  af ter  the  beginning of the  t rea t -  
m e n t  or surgical opera t ion,  blood was ex t rac ted  by  de- 

capi ta t ion.  A mix tu re  of po tass ium oxala te  in 2:1 pro-  
por t ion  was  used to avoid blood coagulat ion.  The con- 
cen t ra t ion  of f ibr inogen was de t e rmined  by  RATNOFF 
et  al. n method .  Va lues  of f ibr inogen of 14 h ea l t h y  in tac t  
ra t s  were considered as normal  controls.  T h y r o i d e c t o m y  
was pe r fo rmed  t h ro u g h  neck incision ra. B o t h  the  t hy ro id  
and pa ra thy ro id  glands were r emoved  at  the  operat ion.  
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However ,  t h e  t e r m  ' t h y r o i d e c t o m i z e d '  will be used  to  
descr ibe these  an ima l s .  Af t e r  t h e  opera t ion,  t he  r a t s  were 
g iven  1% ca l c ium chlor ide  in the i r  d r ink ing  water .  S h a m  
t h y r o i d e c t o m y  invo lved  all t he  s t eps  of t h y r o i d e c t o m y ,  
i nc lud ing  m a n i p u l a t i o n  of t he  t h y r o i d  g land,  b u t  s t oppe d  
before i ts  r emova l .  All t he  ope ra t ions  were p e r f o r m e d  
u n d e r  e t h e r  anes thes i a .  Red  cell v o l u m e  was  d e t e r m i n e d  
b y  t h e  W i n t r o b e  h e m a t o c r i t .  

T h e  fol lowing g ro ups  of r a t s  were s t ud i ed :  1. n o r m a l  
i n t a c t  r a t s :  a) w i t h o u t  t r e a t m e n t  (control);  b) in j ec ted  
w i th :  T S H ;  T4;  T3;  a n d  so lvent .  2. T h y r o i d e c t o m i z e d  
r a t s :  a) w i t h o u t  t r e a t m e n t  (Tx); b) in jec ted  wi th :  T S H  
( T x T S H ) ;  T4  (TxT4) ;  T3 (TxT3);  T S H  a n d  T4 (Tx 
T S H T 4 )  ; T S H  an d  T3 (TxTSIKT3) ; c) s h a m  t h y r o i d e c t o -  
mized  ra ts .  3. R a t s  w i t h  p ropy l th iou rac i l  (PTU) : a) w i th -  
o u t  t r e a t m e n t ;  b) in jec ted  w i t h  T S H .  The  S t u d e n t ' s  t- 
t e s t  was  used  for the  s t a t i s t i ca l  analys is .  

Table 1. Plasma fibrinogen levels in normal intact rats and in rats 
injected with TSH, T3, T4 or solvent 

No. of Fibrinogen P 
aniinals (mg/100 ml) 

Normal intacts 
rats (control) 13 245.6~ 10.3,, 
TSH 23 402.5 :~= 11.9 
T4 7 222.4~14.2 
T3 10 206.2~20.4 
Solvent 9 218.5• 

<0.001 

Mean ~ SE P = degree of significance resulting from comparison 
of the other groups with control. P-values are shown only when the 
difference is significant. 

Table II. Effects of administration of TSH, T3 or T4 on plasma 
fibritiogen levels in thyroidectomized rats 

No. of Fibrinogen P 
animals (rag/100 ml) 

Tx (control) 12 322.7~ 15.6~ 
TxTSII 19 408.2 ~_ 15.7 < 0.001 
TxT4 II 224.0~ 7.1 <0.001 
TxT3 8 209.3• <0.001 
TxTSHT4 16 393.5• <0.01 
TxTSHT3 10 380.9-L 13.6 < 0.02 
Sham operated 11 236.6~23.2 <0.01 

Mean ~ SE. P = degree of sigifificance resulting from comparison 
of the other groups with control. P-values are shown only when the 
difference is significant. 

Table III. Effects of TSH administration on plasma fibrinogen levels 
in rats after propylthiouracil treatment 

No. of Fibrinogen 
animals {rag/100 ml) 

Propyltbiouracil 
(control) 9 310.2T26.5 ~ 

Propylthiouracil 
+ TSH 19 409.5~ 17.0 <~0.01 

~Mean q- SE. P degree of significance resulting from comparison 
of the other groups with control. P-values are shown only when the 
difference is significant. 

Results.  The  va lues  of f ib r inogen  o b t a i n e d  in n o r m a l  
rats ,  a n d  in t hose  in jec ted  w i t h  so lvent ,  T3 or T4, are  
p r e s e n t e d  in Tab le  I. The  n o r m a l  va lues  were s imi la r  to  
those  found  b y  o the r  a u t h o u r s  u s ing  d i f fe ren t  m e t h o d s  la, 14. 
A d m i n i s t r a t i o n  of T S H  inc reased  the  f ib r inogen  signifi-  
c a n t l y  in n o r m a l  rats .  So lven t  i tself  did n o t  m o d i f y  fi- 
b r inogen .  On  t he  o the r  ha nd ,  a d m i n i s t r a t i o n  of T3 or T4 
to n o r m a l  r a t s  did  no t  lead to a n  i n c r e m e n t  of f ib r inogen  
suc h  as  t h a t  obse rved  af te r  T S H  a d m i n i s t r a t i o n .  

The  resu l t s  o b t a i n e d  in r a t s  s u b m i t t e d  to surg ica l  
t h y r o i d e c t o m y  are p r e se n t e d  in Tab le  II.  I n  T x T S t t  r a t s  
f ib r inogen  levels increased  s ign i f i can t ly  in T x  an imals ,  
whe reas  no s ign i f i can t  d i f ferences  were f o u n d  w h e n  com-  
pa r ing  T x T S H  ra t s  w i th  n o r m a l  r a t s  in jec ted  w i th  T S H .  
T h y r o i d e c t o m y  i tself  increased  f ib r inogen  levels, whe reas  
s h a m  ope ra t i on  did not .  On t he  con t r a ry ,  in e i ther  T x T 4  
or T x T 3  ra t s  t he  c o n c e n t r a t i o n  of f ib r inogen  decreased  
s igni f icant ly .  On t he  o the r  ha nd ,  in T x T S H T 4  or 
T x T S t I T 3  g r o u p s ,  f ibr inogen increased  s ign i f i can t ly  on ly  
in c o m p a r i s o n  w i th  e i ther  T x T 4  or T x T 3  groups ,  b u t  n o t  
wi th  r e spec t  to  n o r m a l  r a t s  in jec ted  w i th  T S H .  

In  n o r m a l  r a t s  the  h e m a t o c r i t  was  44.2 -k 0.98, a nd  no 
s igni f ica t ive  dif ferences  were f o u n d  wi th  t he  o ther  groups .  

As s h o w n  in Tab le  I I I ,  chemica l  t h y r o i d e c t o m y  w i th  
P T U  t r e a t m e n t  15 i n c r e m e n t e d  f ib r inogen  to va lues  s imi-  
lar to t hose  ob t a ine d  in T x  r a t s  (Table II) .  On the  o the r  
hand ,  a f t e r  a d m i n i s t r a t i o n  of T S H ,  t he  i n c r e m e n t  was  
s imi lar  to  t h a t  ob t a ine d  in T x T S H  ra t s  a n d  n o r m a l  r a t s  
in jec ted  w i th  T S H .  

Discussion.  The  f inding  t h a t  T S H  p roduces  e leva t ion  
of the  p l a s m a  f ibr inogen  levels of t he  s a m e  m a g n i t u d e  in 
normal ,  ope ra t ive  or chemica l ly  t h y r o i d e c t o m i z e d  ra ts ,  
ind ica tes  t h a t  i ts  ac t ion  is exe r t ed  t h r o u g h  an  e x t r a -  
t hy ro idea l  m e c h a n i s m .  

I n a s m u c h  as in the  s h a m  ope ra t ed  g roup  f ibr inogen 
va lues  r e m a i n e d  u n c h a n g e d ,  it  is d i scarded  t h a t  t he  
e leva t ion  obse rved  af te r  surg ica l  t h y r o i d e c t o m y  m a y  be 
caused  b y  t i s sue  i n j u r y  1~ or t i s sue  i n f l a m m a t i o n  la con-  
d i t ions  in wh ich  f ibr inogen  increases  sho r t l y  af ter  in ju ry .  

The  e l eva t ion  of f ib r inogen  f o u n d  in T x  a n ima l s  could  
be a c c o u n t e d  for by  t he  h ighe r  e n d o g e n o u s  levels of T S H .  
On t he  o the r  ha nd ,  t he  decrease  of f ib r inogen  in e i ther  
T x T 4  or T x T 3  groups  could  be exp la ined  b y  the  ne ga t i ve  
feed ba c k  exe r t ed  b y  T4 or T3 on T S H  secre t ion  ~7-19. 
Since T4  does n o t  mod i fy  f ib r inogen  s y n t h e s i s  in t he  r a t  
l iver 20, i t  can  be d i scarded  t h a t  t h e  decrease  in f ibr inogen 
af te r  T4 a d m i n i s t r a t i o n  in T x  a n i m a l s  is due  to s u c h  an  
effect. 

N e i t he r  T4 nor  T3 decreased  f ibr inogen  w h e n  a dmin i s -  
t r a t e d  t o g e t h e r  w i t h  e xoge nous  T S H .  U n d e r  these  con-  
di t ions,  T S H  is no t  u n d e r  con t ro l  of a ne ga t i ve  feedback  
m e c h a n i s m .  P T U  t r e a t m e n t  exc ludes  t he  poss ib i l i ty  t h a t  
e x t i r p a t i o n  of t he  p a r a t h y r o i d  g l ands  m a y  be the  cause  
of t he  i n c r e m e n t  in f ib r inogen  obse rved  a f te r  ope ra t ive  
t h y r o i d e c t o m y .  The  va r i a t i ons  of f ib r inogen  are also un -  
re la ted  to  a l t e r a t ions  in red ce l l -p lasma rat io.  
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