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H e m a t o l o g i c a l  Effects  of  L a t h y r i s m  

In  c o n n e c t i o n  w i t h  o the r  e x p e r i m e n t s  on l a thy r i sm 
we no t i ced  a h igh  h e m o g l o b i n  level in t he  blood. Since 
the  syn thes i s  of col lagen (especial ly of hydroxypro l ine)  
is dec reased  a n d  t h e  re la t ive  c o n c e n t r a t i o n s  of se rum 
pro te ins  r e v e r s e d  ~, a hema to log ica l  s t u d y  on the  cell 
m a t u r a t i o n  a n d  h e m o g l o b i n  s y n t h e s i s  s eemed  w a r r a n t e d  
wi th  r e fe rence  to  t h e  u n k n o w n  w a y  of ac t ion  of t h e  toxic  
a g e n t  ( f l -aminopropioni t r i le ) .  t n  t h e  l i t e ra tu re  we found 
only  a pas s ing  no te  on t h e  p o l y c y t h e m i a  in l a thy r i sm  s. 

The  r a t s  were  k e p t  for  2 m o n t h s  on a d ie t  con ta in ing  
56-0% of  swee t  pea  4. H e m o g l o b i n  was  d e t e r m i n e d  wi th  
t h e  p h o t o m e t e r  a t  5500 A a f t e r  d i lu t ion  1:200 wi th  
0-1% s o d i u m  ca rbona t e .  The  w h i t e  and  red cells were 
c o u n t e d  b y  s t a n d a r d  m e t h o d s  in Bue rke r ' s  chamber .  
The bone  m a r r o w  was  s tud ied  f rom smea r s  (s ta ined wi th  
M a y - G r u e n w a l d - G i e m s a - s o l u t i o n )  o b t a i n e d  f rom the  
t h ighbones .  Usua l ly  one  t h o u s a n d  (in few samples  500) 
cells were  coun ted .  

F r o m  the  m a r r o w  fol lowing c o m p a r i s o n  was ob ta ined .  

Table II  

Lathyrus- Control-group 
group 

No. of animals . . . . . .  
Proerythroblasts . . . . .  
Erythrohlasts  . . . . . .  
Normoblasts . . . . . . .  
Eyythropoesis : total . . . .  
Myeloblasts . . . . . . .  
Promyelocytes . . . . . .  
Myelocytes . . . . . . .  
Matured neutrophils . . . 
Eosinophils . . . . . . .  
Lymphocytes  . . . . . .  

% 
4 
1.0 

12-5 
45.0 
58-5 

0.4 
1+4 
12.6 
4.1 
6.9 

% 
7 

7-0 
42-7 
49.7 

0.3 
1-8 

15.6 
15-1 

7.3 
7-1 

To conc lude ,  f l -aminopropion i t r i l e  seems n o t  to  affect  
the  d iv i s ion  or m a t u r a t i o n  of t h e  ceils nor  the  syn thes i s  
of hemoglob in .  This  is in a g r e e m e n t  wi th  the  histological  
f ind ings  on the  connec t ive  t issue.  These  s y m p t o m s  seem 
to be due  to  a chron ic  ni t r i le  i n t o x i c a t i o n  and  no t  
d i rec t ly  c o n n e c t e d  w i t h  t he  cha rac te r i s t i c  s y m p t o m s  of 
l a t hy r i sm ,  w h i c h  d e p e n d  on an  avai lable  amino  group  5. 
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If  the f l -aminopropioni t r i le  woukl c o m p e t e  wi th  fl-ala- 
nine, s y m p t o m s  of p a n t o t h e n i c  acid def ic iency,  includ-  
ing anemia,  were to  be expec tedL 
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ZusammenJassung 

13el exper imente l l em L a t h y r i s m n s  w u r d e  eine d e u t -  
liche Ve rmehrung  yon  E r y t h r o z y t e n p r o l i f e r a t i o n  und  
H/i .moglobinsynthese beobach te t .  H ~ m o l e u k o z y t e n  u n d  
Myetopoese im K n o c h e n m a r k  wurden  n ich t  beeinf tuss t .  

8 Anemia is found in human lathyrism, which seems to be a 
different condition. C. GOPALAN~ Trans. R. St)e. trop. Med IIyg. 41, 
333 (1950). 

5 - H y d r o x y t r y p t a m i n e  in M a m m a l i a n  
T h y r o i d  Gland t 

Thyroid  glands of rats,  sheep, rabbi t s ,  and  dogs were  
examined  for 5 - h y d r o x y t r y p t a m i n e  (5-HT). Cons ider ing  
the  grea t  quant i t i es  of 5-HT p r e s e n t  in gas t ro in t e s t i na l  
mucosaL it is not  surpr is ing t h a t  h igh  c o n c e n t r a t i o n s  
of 5-HT were found in m a m m a l i a n  t h y r o i d  g lands ,  
which phylogenet ical ly  are der ived f rom the  p h y r a n g e a l  
epi thel ium.  Surprisingly,  however ,  the re  are  g rea t  
differences be tween the  5-HT c o n t e n t  of the  t h y r o i d s  of 
d i f ferent  species. 

The t issues were ex t r ac t ed  wi th  90% v / v  a c e t o n e :  
o therwise  the  procedure  sugges ted  by AMXN et aL ~ 
was followed. The glands were t aken  f rom ra t s  and  
rabb i t s  killed by  a blow on the  head  and  f rom dog~ 
bled to dea th  under  e the r  anes thes ia .  The sheep  t h y r -  
oids were ob ta ined  from the  s laughte rhouse ,  where  
t h e y  were immedia te ly  pu t  on d ry  ice. In  mos t  cases  
the  cut  t issues were left in ace tone  for a few d a y s  
a t  -- 15°C, and the rest  of the  ex t r ac t i on  was  done  ju s t  
before the assay. 5-HT was assayed biologically by using 
the isolated heart~ of Venus mercenaria in n a t u r a l  sea 
wa te r  wi th  6 rag/1 of b e n z o q u i n o n i u m chlor ide  (gener-  
ously supplied by Sterl ing W i n t h r o p  Research  In s t i t u t e ) .  

1 This work was supported by a grant from tile U.S. Public 
Health Service (tt-2205), 

2 V. Ef~SVAMZt~, l'harmacol. Rev. 6, ,1~5 (195.1). 
3 A. H. AMIN, T. B. ]]. CRAWFORD, ;uld J. H. GADDUM, J, Physiol. 

126, 596 (t95.1). 

Table I 

Lathyrus-group (8) 
Control-group (8) 
P of chance occurrence of 

the difference . . . 

Hemoglobin g% 

Mean Range 

14"5 (13"1 - 16"4) 
12.9 (12.4 - 14.1) 

< 0-01 

Erythrocytes milI./mm a 

Mean Range 

7'44 (6.60 - 8.01 ) 
6.25 (5.73-6.77) 

< 0.001 

! 
Mean henmgk)bin I I.eukoeytes in mm 3 

l Mean Mean 

19.5 
20.7 

2>0'10 

8690 
8860 

The differentiation of the leukocytes was similar in both groups. 
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The  t e s t  cond i t i ons  were  desc r ibed  p r e v i o u s l y q  5 -HT 
was  used  as c rea t in ine  su l fa te  (generous ly  supp l ied  b y  
A b b o t t  Labora to r i e s )  ; t he  doses  refer  to  t he  base.  

5-Hydroxytryptamine in Mammalian Thyroid Glands 

Rat  
Sheep 
Dog 
Rabbit  

2.5 2.6 2.4 3.3 5.0 5.0 3.9 
3-5 5-7 7-5 3.8 2.4 
0.025 0.018 0.038 0.02 
0-29 0-09 

Mean 
/*g/g* 

4.6 3 '7 
4"6 
0.025 
0-19 

* Wet weight. 

The 5 - t t T  e q u i v a l e n t s  are  p r e s e n t e d  in the  Table.  The  
c o n c e n t r a t i o n s  found  in t h e  r a t  and  sheep  t h y r o i d s  were  
more  t h a n  h u n d r e d  t imes  t h o s e  f o u n d  in t h e  dog 
thy ro ids .  R a b b i t  t h y r o i d s  c o n t a i n e d  more  t h a n  those  of 
dogs.  I n  o rde r  to  a sce r t a in  t he  spec i f i c i ty  of these  
f indings ,  t h e  fol lowing s tud ies  were  ca r r ied  out .  

(1) Ascend ing  p a p e r  c h r o m a t o g r a m s  were  r u n  us ing  
t h e  r a t  a n d  sheep  t h y r o i d  e x t r a c t s  in t he  u p p e r  organic  
p h a s e  of n -bu tano l /g l ac i a l  ace t ic  a c i d / w a t e r  (4: 1:5).  
W h e n  pieces  of t h e  p a p e r  s t r ips  were  e lua ted  a n d  t e s t e d  
on Venus hear t ,  t he  ac t ive  ma te r i a l  was found  to  t r ave l  
like 5-HT.  W h e n  p a p e r  c h r o m a t o g r a m s  of sheep  
t h y r o i d  e x t r a c t  were  t r e a t e d  accord ing  to  JEPSON and  
STEVENS 5, a f luoresc ing spo t  was  f o u n d  a t  t he  s ame  site 
as t h e  s p o t  of t h e  re fe rence  5-HT.  

(2) Para l le l  a s says  were  done  w i t h  r a t  and  sheep  
t h y r o i d  e x t r a c t s  on the  a t rop in i s ed  es t rus  r a t  u t e rus  3 
and  Venus hea r t .  Sheep  e x t r a c t s  gave  a b o u t  one  t h i r d  
lower  resu l t s  on the  u te rus .  The  r ea son  for th is  is sup-  
p o s e d  to  be t h e  p resence  of ca t echo l  amines ,  w h i c h  re lax  
t h e  u te rus .  In  one sheep  t h y r o i d  g land  0.2 /~g/g of nor-  
e p i n e p h r i n e  and  0-03 #g/g  of e p i n e p h r i n e  were  found  
w h e n  a n a l y s e d  accord ing  to  v. ~ULER 6. The r a t  ex t r ac t s ,  
on t h e  o t h e r  h a n d ,  were  a b o u t  30~o more  ac t ive  on the  
u t e r u s  t h a n  on t h e  hea r t .  L S D  t r e a t m e n t  d id  no t  
c o m p l e t e l y  abol i sh  t h e  r e sponse  of t h e  u t e ru s  to  r a t  
t h y r o i d  ex t r ac t s ,  a l t h o u g h  i t  b locked  t h e  ef fec t  of 5-HT.  
The re  was  l i t t le,  if any ,  s ign of th i s  L S D - r e s i s t a n t  
a c t i v i t y  in sheep  and  dog t h y r o i d  ex t r ac t s .  The  low 
a m o u n t  of 5 -HT in t h e  dog t h y r o i d  g land  was  also 
c o n f i r m e d  on the  u te rus .  The  a m o u n t s  of n o r e p i n e p h r i n e  
a n d  e p i n e p h r i n e  in one dog  t h y r o i d  were  0.3 and  0-04 
/~g/g respec t ive ly .  

(3) T h a t  t h e  a c t i v i t y  m e a s u r e d  on  Venus h e a r t  was  
due  to  5 -HT is s t r e n g t h e n e d  by  the  s imi lar  t ime  course of 
t h e  r e sponse .  Af t e r  wash ing ,  t h e  e f fec t  of bu fo t en ine ,  
and ,  to  a m u c h  lesser  degree,  t he  e f fec t  of N - m e t h y l - 5 -  
HT,  las ts  longer  t h a n  t h e  ef fec t  of 5-HT.  The  mol luscan  
h e a r t  is r e s i s t a n t  to  m o s t  s u b s t a n c e s  l ikely to  h a v e  an  
ef fec t  on s m o o t h  musc leL 

(4) The  r a t  t h y r o i d  e x t r a c t  did n o t  lose i t s  a c t i v i t y  on  
t h e  Venus h e a r t  w h e n  boi led for 10 min  in 1 N HC1, while 
t he  s ame  t r e a t m e n t  in 1 N N a O H  d e s t r o y e d  a b o u t  80%.  

(5) R e s e r p i n e  (5 m g / k g  in t r ape r i t onea l ly )  was  no t  able,  
w i t h i n  4 h, to  decrease  s ign i f i can t ly  t h e  Venus h e a r t  
a c t i v i t y  of r a t  t h y r o i d  g lands ;  howeve r ,  n e i t h e r  was  

4 M. K. PAASONEN and M. VOGT, J. Physiol. 13I, 617 (1956). 
5 j .  B. JEPSON and B. J. STEVENS, Nature 172, 772 (1953). 
G U. S. v. EULER, Arch. int. Pharnlacodyn. 77, 477 (1948). 
7 B. M. TWAROG and I. H. PAGE, Amer. J. Physiol. 175, 57 (1953). 

J. H. GADDUSl and M. K. PAASOXEr G Brit. J. Pharmacol. 10, 474 
(1955). 

t he i r  a c lea r -cu t  5 -HT dep le t ion  in t he  d u o d e n u m  of 
t hese  ra ts .  

F o r  c o m p a r i s o n  some sa l iva ry  g lands  were  e x t r a c t e d  
and  the i r  a c t i v i t y  t e s t e d  on the  Venus hear t .  I n  t h e  ra t  
r a t h e r  h igh  va lues  were  found  (in #g/g, p a r o t i d :  0.68, 
0-44; s u b m a x i l l a r y :  0.19, 0.31; sub l ingua l :  0.61, 1-0; 
e x t r a o r b i t a l  l ac r imal :  0-34, 0.26). In  t he  dog, t he  values  
were  again  lower  (pa ro t id :  0.03, 0.005; s u b m a x i l l a r y ;  
0.02, 0.004) ; a n d  in t he  r a b b i t ,  t h e y  were  b e t w e e n  those  
of the  r a t  and  t h e  dog (paro t id :  0.16; s u b m a x i l l a r y :  
0.13). 

Conclus ions  : H i g h  5 -HT va lues  were  found  in r a t  and  
sheep  t h y r o i d  g lands  and  v e r y  low va lues  in dog t hy ro id s .  
I n  t he  r a t  t hy ro id ,  t he re  a p p e a r s  to  be an un iden t i f i ed  
u t e r u s - s t i m u l a t i n g  s u b s t a n c e  which  is soluble in 90 ~o 
ace tone .  On r a t  u te rus ,  i t  is a t r o p i n e - r e s i s t a n t .  I t  is 
n o t  h i s t a m i n e ,  because  the  t i ssues  used for  analys is  
are  r e s i s t a n t  to  th is  amine .  GARVEN s t e s t e d  two  ace tone  
e x t r a c t s  of r a b b i t  t h y r o i d  on the  r a t  u t e rus  and  found  
one  of t h e m  to p r o d u c e  an  L S D - r e s i s t a n t  response .  The 
s m o o t h  m u s c l e - s t i m u l a t i n g  s u b s t a n c e  of ](OEPF and  
MEZEX 9, wh ich  is p r e s e n t  in r a t  sa l iva ry  glands ,  also was  
found  to  c o n t r a c t  the  r a t  u te rus .  I t  is n o t  k n o w n  
where  5 - t IT  is local ized in t he  m a m m a l i a n  t h y r o i d  
gland.  The  m a s t  cells are a poss ib le  s i te ,  s ince t h e y  are 
k n o w n  to  c o n t a i n  th i s  amine  l°; c e r t a in  cells of t h e  en- 
t e r o c h r o m a f f i n  t y p e  are  a n o t h e r  possible  locat ion.  I t  is 
i m p r o b a b l e  t h a t  5 -HT has  a n y t h i n g  to  do w i t h  the  
specif ic  t h y r o i d  func t ion .  

It is a pleasure to thank Professor O. KRAYER for making my 
visit to his department possible and for his interest in this work. 
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Zusammen/assung 

Schi lddr i i sen  y o n  R a t t e n  u n d  Sehafen  e n t h a l t e n  
re l a t iv  grosse Me n g e n  v o n  5 - t t y d r o x y t r y p t a m i n .  In  der  
T h y r e o i d e a  y o n  H u n d e n  wird  d ieser  S tof i  n u r  in einer  
h u n d e r t m a l  k le ine ren  K o n z e n t r a t i o n  v o r g e f u n d e n .  Wel-  
t e r  wi rd  gezeigt ,  dass  in der  R a t t e n t h y r e o i d e a  eine n i ch t  
ident i f iz ier te ,  ace ton l6s l i che  S u b s t a n z  v o r h a n d c n  ist, 
welche U t e r u s k o n t r a k t i o n e n  auszu l6sen  v e r ma g .  
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To our  knowledge ,  no s y s t e m a t i c  s t u d y  has  been  
c o n d u c t e d  of b lood  l ipids and  ke tone  levels in var ious  
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