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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 .  
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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 .  

8 j .  GARVEN, Brit. J. Pharmaeol. 11, 66 (1956). 
9 G. F. KOEPF and J. F. MEZEN, J. Pharmacol. 60, 407 (1937). 

x0 E. P. BENDITT, R. L. WoNt, M. ARASE, and E. ROEPER, Proc. 
Soc. exp. Biol., N. Y. 90, 303 (1955). 
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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  
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Table I 

Blood Glucose of Non-Obese Mice and of Mice with Four l)ifferent Ohesities (Ing~0) 

97 

Fed - No t rea tment .  
After 18 h fast . . . .  
After 0-5 units Insulin 
After 2 × 2 mg growth 
hormone . . . . . .  

Hereditary 
Obese- Hyperglycemic 

and Controls 

Obese 

286@93 
128 36 
2154-90 

3823_60 

Non-Obese 

127:t:10 
6 2 ± 1 1  
35_+414 

1 2 5 + 1 8  

Goldthioglucose Ohese 
and Controls 

Obese Non-Obese 

1574-31 114:k21 
972213 8 7 t 1 8  
49 4- 12 52q_ 9 

167:t_42 134~17  

Yellow Obese 
and Controls 

Obese Non-Obese 

1 ~ _ 3 2  1 3 0 ~ 1 2 ' 1  
29 85 -t: 24 

Adrenotropic 
Tunmr Obese 
and Controls 

Obese Non-Obese 

11058:k10 1~84-3 
4-13 4 - 8  

[ 
e x p e r i m e n t a l  obesi t ies .  P rev ious  s tudies  publ i shed  in this 
series (e.g. 1) a n d  e lsewhere  ( reviewed in 2)have emphas iz -  
ed the  d i f fe rences  b e t w e e n  ' r e g u l a t o r y '  obesit ies,  char-  
ae ter ized  b y  cen t r a l  lesions in t he  m e c h a n i s m  regula t ing  
food in take ,  a n d  'me tabo l i c '  obesi t ies ,  cha rac te r i zed  by  
p r i m a r y  d i s t u r b a n c e s  in fa t  me tabo l i sm .  For  ins tance,  
in t he  f i rs t  t y p e  (exempl i f ied  by  surg ica l ly - induced  and 
by  go ld th iog lucose - induced  h y p o t h a l a m i c  obesi ty)  in- 
creased l ipogenes is  t akes  place on ly  in the  measure  in 
which  an  increase  in food in take  is al lowed.  In  the  second 
t y p e  (exempl i f ied  by  t h e  obese hype rg lycemic  s y n d r o m e  
and  by  t h e  o b e s i t y  due  to  ACTH-sec r e t i ng  tumors) ,  
l ipogenesis  is increased  over  the  no rma l  even  if the  obese 
an imals  are pa i r ed - f ed  wi th  t h e i r  non-obese  cont ro ls  or 
if b o t h  g ronps  are  fas ted  a. In  tu rn ,  d i f fe ren t  metabol ic  
obesi t ies  will differ  in t he  n a t u r e  of t he  p r i m a r y  metabol ic  
a b n o r m a l i t y .  F o r  ins tance ,  obese -hype rg lycemic  mice 
have  v e r y  d i f f e r en t  endocr ine ,  enzymat i c ,  metabol ic  
and  b e h a v i o r a l  cha rac te r i s t i c s  f rom ACTH-obese  mice 2. 
I t  a p p e a r e d  of i n t e r e s t  to  see w h e t h e r  the  blood lipid 
and  k e t o n e  p i c tu re  would  show a s imi lar  d ivers i ty .  

M a t e r i a l s  a n d  M e t h o d s . - - T h e  mice nsed  belong to four 
k inds  of obes i ty  ava i lab le  a t  th i s  t ime  for th is  species in 
our  l a b o r a t o r y  ~. Mice wi th  t he  recessive he red i t a ry  
o b e s e - h y p e r g l y c e m i c  s y n d r o m e  2, r anged  in age f rom 
3 to  7 m o n t h s ,  we ighed  f rom 40 to 90 g for the  obese, 
19 to 33 g for t he i r  non-obese  l i t t e r m a t e s .  No di f ferent ia-  
t ion is m a d e  in t he  tab les  of resul ts  on the  basis  of sex for 
these  and  o t h e r  t y p e s  of mice as no difference was 
d e t e c t e d  b e t w e e n  males  and  females  as regards  to ta l  
l ipids or k e t o n e  bodies.  Gold th iog lucose  h y p o t h a l a m i c  
obese swiss mice  5 h a d  been  successful ly  in jec ted  wi th  
1 mg/g  of gn ld th iog lucose  3 to  5 m o n t h s  pr ior  to the  
exper imerf t .  Contro ls  were  swiss mice unsuccessfu l ly  in- 
j e c t e d  or lef t  un in jec ted ,  no d i f ference  being de tec ted  be- 
t w e e n  t h e  two  groups .  Obese  and  non-obese  mice in the  
go ld th iog lucose  g roup  were  7 to 9 m o n t h s  of age; the 
obese an ima l s  we ighed  50 to  70 g, non obese 30 to 40 g. 
A d r e n o t r o p i c - t u m o r  bea r ing  mice 6, were six mon ths  old 

1 .'~{. W. BATES, C. ZOMZELV, and J. ]~[AYER, Ainer. J. Physiol. 
131, 187 (1955). - J. MAYER, N. C. HAG.~IAN, N. B. MARSHALL, and 
A. J. STOOl'S, Amer. J. Physiol. 181, ,501 (1955). 

2 j .  NAVER, Nutr. Abstr. Rev. Part I and part II 25, 597 11955); 
25, 871 (1955). 

a j .  MA'ZER and C. Y. ZmHERA, Exper. 11, 358 {1955). 
4 We are endebted to Schering Corporation for a gift of gold- 

thioglueose. 
s N. B. ~[ARSHALL, R, J. BARRNETT, mad J. iX[AVER, Proc. Soe. 

exp. Biol. Med. 90, 240 (1955). 
6 Obtained through the kindness of Dr. J. FURTU, Children's 

Cancer Foundation, Boston. - J. MAYER, C. ZOMZELY, and J. FURTH, 
Science 123, 184 (1956). - K. H. SItULL, J. ASIIMORE, and J. i'~,[AYER, 
Arch. Biochem. Biophys. 6~, 210{1956). -C. ZOMZELY and J. MAYI.;R, 
Amer. J. Physiol. 187, 365 (1956). 

and had received the  t u m o r  t r a n s p l a n t  t w o  m o n t h s  
previously.  The 'obese '  an imals  weighe(! on the  average  
30 g, the  non obese 27 g (ill th is  type ,  the re  can be 
considerable  increase in p ropor t ion  of b o d y w e i g h t  re- 
presented  by fat  w i thou t  any  ma r k e d  increase in weighU,  
in o ther  words 'obes i ty '  is p re sen t  even  in the  absence  
of 'overweight ' ) .  ACTH animals ,  be ing h ighly  suscep t ib le  
to infections,  were given t e r r a m y c i n  in the i r  d r ink ing  
water  (concent ra t ion  2 g per  1000 cma). Mice wi th  t he  
d o mi n a n t  heterozygous  yellow obes i ty  s were 4-6 m o n t h s  
of age and weighed 40 to 60 g; the i r  non-obese  l i t ter -  
ma tes  weighed 24 to 30 g. All an imals  were housed  in 
pairs (one obese, one non-obese) in small  cages for a t  
least  two weeks preceding the  per iod  when  d e t e r m i n a -  
t ions were made and t h r o u g h o u t  t h a t  per iod t h e y  re- 
ceived food and water  ad l ib i tum excep t  for ' f a s t i ng '  
expe r imen t s  when the an imals  were dep r ived  of food 
18 h prior to the de te rmina t ion .  In add i t ion ,  ill the  obese 
hyperglycemic  mice, as detai led s tudies  had  prev ious ly  
been conduc ted  in l ipogenesis fol lowing the  a d m i n i s t r a -  
t ion of various hormones  to  these  an imals  9, the  effects  
of g rowth  hormone  and of insulin on to ta l  l ipids and  
ketone levels were also d e t e r m i n e d .  Tim insul in was 
given in t raper i toneal ly ,  a dose of 0"5 uni ts  be ing g iven 
in 0.25 cm 3 aqueous solution,  tim samples  being t a k e n  
30 rain af ter  the admin i s t r a t i on  of the  hormone .  G r o w t h  
hormone was also given in t r ape r i tonea l ly ,  each  dose of 
2 mg being dissolved in 0.25 cm '~ of saline a t  a p H  of 8.5. 
Each  mouse received two doses in two consecu t ive  days ,  
the  samples  being d rawn  15 h a f t e r  the  second  in jec t ion.  
Each  animal  ac ted  as its own control ,  wi th  no less t h a n  
10 days  elapsing be tween  expe r imen t s .  Bh)od samples  
were d rawn from the tail vein. Glucose levels were de- 
te rmined  by  the SoMoc, w - N  I'.'LS()N mic rume thod l ° .  The  
blood lipid levels were d e t e r m i n e d  by  the  t u r b i d i m e t r i c  
me thod  of I)F. LA IIUERGA, XZESNI';CIZ, and  I)AI'PER ll. 
Ke tone  bodies were d e t e r m i n e d  as ace tone  and  ace to-  
acetic e q u i w d e n t  by  the  color imetr ic  m e t h o d  of GREEN- 
BEI~.G and tESTER 1~. 

Resul ts  and  D i s c u s s i o n . -  T a b l e  I gives blood glucose 
levels of the  animals  under  s t u d y  and  conf i rms  p rev ious  
f indings on blood glucose of these wtr ious  t y p e s  of obese  

7 j .  IXlAYER, C. ZOMZEI.V, and J. Fm~xn, Science t°:l, 18l 0956). 
s Bred from animals Mndly given by l)r. PAyt. [a'ENTON, Browrt 

University, Providence, Rhode Island. - J. MAYI..'R, l)hysiol. P, ev. aa, 
472 (1953). - I,~. J. CARPENTF.P. and J. MAYER, Amer. J. lqwsiol. (ht 
press). 

u D. J. Sn.mrs and J. MArine, Exper. 12, (16 (1950). 
10 M. So.~toGvb J. biol. Chem. teio, Gl (1915). 
1l j .  I)E LA ItUF.RGA, C. YESENICK, and 1|. PAPPER, Amer. J. clin. 

Pathol. 2a, l IG:I (19.qa). 
I~ I,. A. GRV:I.:NlJV:R(; and D. I.I,:STI,:R, J. biol. Chem. t64, 177 

(19t4). 
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Table II  

Blood Total Lipids, Acetone mad Aceto Acetic Acid Equivalent of Non-Obese Mice and of Mice with Four Different Obesities 

Type of Animal 
aim Treatment 

Obese Hyperglycemic 
Fed - -  No Trea tment  
Obese Hyperglycemic 
Fasted 18 h 
Obese Hyperglycemic 
~2 I. U. Insul in  per IVlouse 

Obese 

Total Lipids 

955 4- 239 
(12) 

1255 -L 364 
(10) 

1221 ± 114 
(10) 

Obese Hyperglycemic 
2 mg Growth Hormone per 1598 
Mouse for 2 Days (9) 

O. T . G .  1214 4- 
(6) 

199 

- - - 5 5  

1756 :]_ 32 
(6) 

1517 4- 76 
(8) 

Fed 
G . T . G .  
Fasted 18 h 
Yellow 
Fed 
Yellow 
Fasted 18 h 

1763 4- 92 
(8) 

1806 ± 50 
(51 

A] T. T. 
Fed 

Non-Obese 

632 ~ 148 
(12) 

1105 -]- 259 
(8) 

1246 4- 236 
(8) 

1631 4- 82 
(6) 

872 4- 71 
(6) 

1313 dc 47 
(6) 

1174 4- 57 
(6) 

1597 4- 64 
(6) 

1397 + 134 
(5) 

Obese 

3.17 ~ 1.49 
(15) 

2-30 -c 1.37 
(15) 

2-57 ~ 1.38 
(io) 

3.28 :~ 1-99 
(11) 

1.70 _Jc 0-38 
(16) 

1.94 -~ 0.61 
(15) 

3-68 ~2 1-54 
(16) 

2.04 4- 0.66 
(11) 

1.24 4- 0-13 
(6) 

Non-Obese 

2.03 ~ 0.79 
(15) 

3-59 ~- 0.40 
(13) 

2.99 4- 2.11 
(9) 

2.85 ~ 1-59 
(i0) 

1.50 ± 0.25 
(13) 

2.18 ~- 1-01 
(io) 

1-39 zt_ 0.39 
(11) 

1.97 ~- 1-15 
(10) 

1.49 :tz 0.40 
(4) 

Aceto Acetic Acid 

Obese 

3.48 ~ 1.64 
(15) 

2-53 ± 1.03 
(13) 

2.82 4- 1.50 
(10) 

3.60 ± 2-31 
(ii) 

1-87 ~ 0.31 
(16) 

2.13 4- 0.67 
(15) 

4-05 ~_ 1.68 
(16) 

2.28 ~- 0.79 
(n) 

Acetone 

1.36 =L 0.18 
(6) 

Non-Obese 

3.25 -L 0-88 
(15) 

3.75 4- 0.47 
(13) 

3.29 4- 2.29 
(9) 

3.13 ~_ 1.74 
(10) 

1.64 q- 0.28 
(13) 

2-32 ~- 1.10 
(10) 

1.53 4- 0.44 
(11) 

2-14 ! 1-16 
(10) 

1.64 ± 0.53 
(4) 

a n i m a l s  ( rev iewed  in  e). T h e  mine  w i t h  t h e  h e r e d i t a r y  
obese  h y p e r g l y c e m i c  s y n d r o m e  show a v e r y  m u c h  
e l e v a t e d  b lood  g lucose - - in  t h i s  series o v e r  twice  t h e  level  
of t h e  non-obese .  T h i s  h i g h  level  is r e l a t i v e l y  l i t t l e  
a f f ec t ed  b y  insu l in ,  f u r t h e r  e l e v a t e d  b y  g r o w t h  h o r m o n e .  
B y  c o n t r a s t ,  t h e  b l o o d  g lucose  level  of go ld th iog lucose  
obese  mice,  l ike t h a t  of n o r m a l  mice,  is a l m o s t  u n a f f e c t e d  
b y  g r o w t h  h o r m o n e  u n d e r  t h e  c o n d i t i o n s  of t h e  exper i -  
m e n t ,  a n d  dec rea sed  to such  levels  b y  i n s u l i n  t h a t  con-  
vu l s ions  a p p e a r  in  some  of t h e  an ima l s .  T h e  n o n - f a s t e d  
glucose  level  of ye l low mice  is e l e v a t e d  in some of t h e  
an ima l s .  U n l i k e  t h a t  of n o r m a l  mice  t h e  b lood  glucose  
level  of mice  b e a r i n g  a d r e n o t r o p i c  t u m o r s  is r e l a t i v e l y  
u n a f f e c t e d  b y  fas t ing .  

T a b l e  I I  g ives  t h e  b lood  l ip ids  of t h e  v a r i o u s  g r o u p s  of 
an ima l s .  I t  is of i n t e r e s t  t h a t  t h e  four  s t r a i n s  of n o n -  
obese  mice  h a v e  m a r k e d l y  d i f f e r en t  levels  of b lood  t o t a l  
l ipids .  On  t h e  o t h e r  h a n d ,  all t he se  a n i m a l s  r e a c t  s imi-  
l a r ly  to  f a s t i ng :  as cou ld  be  p red i c t ed ,  f a s t i n g  e l eva t e s  
l ip id  leve ls ;  in  c o n f o r m i t y  w i t h  c lass ical  resul t s ,  i n s u l i n  
a n d  g r o w t h  h o r m o n e  cause  a n  i nc r ea sed  l i pemia  in  t h e  
t h i n  (normal )  l i t t e r m a t e s  of t h e  h e r e d i t a r i l y  obese-  
h y p e r g l y c e m i c  mice.  I n  e a c h  of t he  four  t y p e s  of mice  
s t ud i ed ,  b lood  t o t a l  l ip id  levels  are  h i g h e r  in  t he  obese  
t h a n  in  t h e  n o n - o b e s e  mice.  I n  t h e  t h r e e  t y p e s  of obese  
mice  in  w h i c h  t h e  ef fec t  of f a s t i n g  was  d e t e r m i n e d ,  i t  
led to  a s i gn i f i c an t  i nc rease  in  t o t a l  b lood  l ipids.  I n  t h e  
obese  h y p e r g l y c e m i c  mice,  t h e  v a r i o u s  t r e a t m e n t s  t e n d  
to  m a k e  levels  s imi l a r  to  t he se  of t h e  c o n t r o l  an ima l s .  

Of p a r t i c u l a r  i n t e r e s t  a re  t h e  r e su l t s  c o n c e r n i n g  b lood  
a c e t o n e  a n d  s t e r e - a c e t i c  acid levels.  I n  t h e  n o n - o b e s e  
an imal s ,  in  a c c o r d a n c e  w i t h  classic  resul t s ,  f a s t i n g  causes  
a h i g h l y  s i gn i f i c an t  i nc rease  in  k e t o n e  levels.  T h e  gold-  
t h iog lucose  obese  mice  ( e x e m p l i f y i n g  ' r e g u l a t o r y  
obes i t y ' )  b e h a v e  as do n o r m a l  a n i m a l s  a n d  e x h i b i t  in -  
c r eased  k e t o n e  levels  in  fas t ing .  B y  c o n t r a s t ,  i n  t h e  
h e r e d i t a r i l y  o b e s e - h y p e r g l y c e m i c  mice  ( e x e m p l i f y i n g  
' m e t a b o l i c  obes i t y ' )  f a s t i n g  decreases  k e t o n e  levels.  I t  
t h u s  a p p e a r s  t h a t  r e a c t i o n  of k e t o n e  levels  to  f a s t i n g  m a y  
p r o v i d e  a n  a d d i t i o n a l  m e t h o d  of d i s t i n g u i s h i n g  b e t w e e n  

' r e g u l a t o r y '  a n d  ' m e t a b o l i c '  obes i t ies .  Ye l low obese  ani -  
ma l s  follow a p a t t e r n  s im i l a r  to  t h a t  e x h i b i t e d  b y  t h e  
obese  h y p e r g l y c e m i c  mice,  b lood  k e t o n e  levels  b e i n g  cu t  
in  ha l f  b y  f a s t i n g  as c o m p a r e d  to  t h e  e x p e c t e d  rise in  t he  
n o n - o b e s e  l i t t e r m a t e s .  

I n  c o n n e c t i o n s  w i t h  t hc  l a s t  f i n d i n g  i t  m a y  be  r e l e v a n t  
to  recal l  t h a t  whi le  t h e  b lood  cholesterol level of gold- 
t h iog lucose  obese  mice  is n o r m a l  ~, t h a t  of mice  w i t h  t he  
o b e s e - h y p e r g l y c e m i c  s y n d r o m e  13, of mice  m a d e  obese  
b y  A C T H  s e c r e t i n g  t u m o r s  14 a n d  of ye l low obese  mice  15 
is e l e v a t e d  b y  a m o u n t s  v a r y i n g  f r o m  3 0 %  in  t h e  case of 
t h e  ye l low mice  to  100% in  t h e  case  of t h e  obese  h y p e r -  
g lycemic  mice a n d  t h e  A C T H  mice.  T h e  r e su l t s  of th i s  
s t u d y  a g a i n  p o i n t  to  t h e  f ac t  t h a t ,  whi le  t h e r e  are  c e r t a i n  
non- spec i f i c  r e su l t s  of h y p e r p h a g i a  a n d  o b e s i t y  (e.g. 
e l e v a t e d  s e r u m  lipids) t h e r e  a re  also p r o f o u n d  d i f fe rences  
b e t w e e n  r e g u l a t o r y  obes i ty ,  w i t h  i t s  n e a r  n o r m a l  
m e t a b o l i c  p a t t e r n ,  a n d  m e t a b o l i c  obes i t i e s  w i t h  t h e i r  
ga l ax i e s  of a b n o r m a l i t i e s  p r i m a r y  to  t h e  v a r i o u s  syn-  
d r o m e s  (e.g. b lood  g lucose  p ic tu re ,  e n z y m a t i c  ac t iv i t i e s ,  
h o r m o n a l  p a t t e r n s ,  cho l e s t e ro l  m e t a b o l i s m  and ,  in  t h i s  
s t u d y ,  t h e  e f fec t  of f a s t i n g  o n  b l o o d  ke tones ) .  

J .  ~IAY:ER a n d  ]2). J .  SILIDES 

Harvard University, School o[ _Public Health, Boston 
(Massachusetts), October 75, 1957. 

R ~ u m d  

Chez la Souris ,  l 'ob6s i t6  <~de r6gulation~> (ici: l 'ob6si t6  
h y p o t h a l a m i q u e  due  h l ' au ro th iog lucose )  c o m m e  les 
ob6si t6s  <~de m 6 t a b o l i s m e  ~> (exemples  : s y n d r o m e  r6cessif  
d ' o b 6 s i t 6 - h y p e r g l y c 6 m i e ,  s y n d r o m e  d o m i n a n t  d 'ob6s i t6  
,jaune~>, ob6si t6  due  a u x  t u m e u r s  s e c r 6 t a n t  I 'ACTH)  
s e n t  a c c o m p a g n 6 e s  d ' h y p e r l i p 6 m i e ,  a c c e n t u 6 e  p a r  le 
jeflne.  

13 j .  MAYER and A. K. JoNEs, Amcr. J. Physiol. 176, 339 (1953). 
14 C. ZOMZELV and J. MAYER, Amer. J. Physiol. 187, 365 (1956). 
1~ M. SOMOGYI, J. biol. Chem. 160, 61 (1945). 
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Par  cen t r e  si, c o m m e  les souris normales ,  les souris 
ob~ses h y p o t h a l a m i q u e s  r6agissent  au jeflne par  une 
a u g m e n t a t i o n  de la c6ton6mie,  les souris h6r6di ta i rement  
ob6ses r~agissent  au jef ine p a r  une d iminu t ion  de la 
c6ton6mie, une  r6act ion qui  peu t  s ' a jou te r  ~ celles qui  
diff6rencient  les obgsit6s ~de m6tabo l i sme~  des ob6sitfis 
~de r6gu la t ion , .  

Nuclear Chimaeras in the Newt 

Direc t  tes ts  as to w h e t h e r  t he  cell nuclei  of var ious  
tissues differ  in the i r  d e v e l o p m e n t a l  capaci t ies  have  
been m a d e  recen t ly  by  BRINGS and  KINa.  These authors  
developed a t e chn ique  for the  t r ansp l an t a t i on  into  frog 
oocytes  of soma t i c  nucle i  f rom embryos  of var ious  
stages. The  rec ip ien t  oocy tes  are  first enuclea ted  and 
ar t i f ic ia l ly  ac t iva ted ,  and the  degree of deve lopmen t  
t hey  reach  a f t e r  nuc lea r  t ransfer  shows the  capac i ty  of 
impIan ted  nuclei  to c a r r y  t h e  oocy te  c y t o p l a s m  towards  
normal  d i f ferent ia t ion .  The  above  au thors  have  reviewed 
the i r  inves t iga t ions  recent ly~;  whi ls t  b las tu la  nuclei, 
inc luding  nuclei  f rom the  dorsal  lip of the  blastopore,  
are capab le  of br ing ing  a b o u t  t he  no rma l  d e v e l o p m e n t  
of enuc lea ted  oocytes ,  endode rm nuclei  f rom late  
gas t ru la  show def ini te  signs of d i f fe ren t ia t ion  in tha t  a 
high pe rcen tage  of t h e m  are incapab le  of effect ing de- 
v e l o p m e n t  b e y o n d  t h e  gas t ru la  s tage.  

I t  has  been found dif f icul t  to ca r ry  ou t  paral le l  in- 
ves t iga t ions  wi th  t he  oocytes  of newts,  as these canno t  
become ar t i f ic ia l ly  a c t i v a t e d  and  are  no rma l ly  poly-  
spermic.  A t t e m p t s  m a d e  so far  * i n v o l v e d  subs tan t ia l  
modi f ica t ions  of the  BRINGS and  K i N a  procedure,  and 
the  resul ts  h a v e  no t  been en t i re ly  sa t is factory.  

I t  m i g h t  be of in t e res t  to  record  here  a fu r the r  ex- 
pe r imen t  car r ied  ou t  on Trit**rus alpestris mater ia l .  

A group of 2 to 4 somat ic  nuclei  were t r ansp lan ted  
into a n o r m a l l y  fer t i l ized and  non-enuc lea ted  egg. As a 
result ,  th i s  egg car r ied  i ts  n o r m a l  zygot ic  nucleus as well 
as the  donor  nuclei,  I t  was hoped  t h a t  t he  hosts  would  
deve lop  to a more  or less a d v a n c e d  stage, at  which it  
would  be possible to observe  whe the r  the  donor  nuclei 
are ab le  to  pa r t i c ipa t e  in t issues der ived  f rom all three 
cell layers  o r  o n l y  in t issues de r ived  f rom the  cell layer  
of the i r  origin.  

To m a k e  iden t i f i ca t ion  of i m p l a n t e d  nuclei  possible, 
hap lo id  e m b r y o s  were  used as donors.  These were 
p roduced  by  Dr.  G, G. SELMAN of this  Ins t i tu te ,  who 
t r ea ted  in vitro newly  col lected sperm wi th  u l t rav io le t  
l ight  of 2100-3200 ~_ for 1-5 to  3 rain. The  sperm was 
then  smeared  o n t o  oocy tes  col lected f rom the  oviduct .  
The  donors  were  checked  for hap lo idy  by chromosome 
counts  on squashes  f rom a piece of tissue. 

The  hos t  eggs were  lef t  to  deve lop  af ter  the  nuclear  
t ransfer .  S ix teen  were  f ixed a t  the  ear ly  neural  p la te  
stage, sec t ioned  and  s ta ined  wi th  Feulgen  for chromo-  
some counts .  The  r ema in ing  failed to develop normal ly  
beyond  the  ea r ly  neura l  p la te  stage, became  abnormal  
and f ina l ly  cy to lysed .  

E x a m i n a t i o n  of the  16 spec imens  fixed showed tha t  
no haplo id  nucle i  could  be seen in 5 ; bu t  several  haploid  
(donor) as well  as  d iploid  (host) nuclei  were found in 
each of t he  r e m a i n i n g  11. Of these 11, 7 had  received 
haploid  e c t o d e r m a l  nuclei  f rom the  neural  plate  itself of 

I T. J. KINo and R. BRIGGS, Cold Spring Harb. Symp. quant. 
Biol. 21, 271 ~1956). 

z H. E. LErlMA~r, Biol. Bull. 108, 138 (1955). - C. H. WADDIr~G- 
TON and E. M. PA~TELOORIS, Nature 17e, 1050 (1953). 

donor  embryos  whilst  4 had  rece ived  nuclei  f rom the  
chords  mesoderm of the same donors.  

I t  is in teres t ing tha t ,  in a lmos t  all of the  e l even  cases, 
nuclei of donor  origin were found in all th ree  ceil  layers.  
Thus, not  only the embryos  as a whole b u t  also each  cell 
layer  were nuclear  chimaeras ,  con ta in ing  nuclei  of two  
dis t inct  origins and chromosome complemen t s ,  w i t h i n  
cy top lasm of one origin. 

Sizes of ad jacen t  haploid and diploid cells were mark -  
edly different.  Inc identa l ly ,  several  t r ipolar  spindles  and 
aneuploid nuclei were also observed.  

I t  follows tha t  at  the def ini te  neural  p la te  stage,  t he  
nuclei of the mesoderm and the neura l  plate  i tself  are  all  
capable of orgariizing cells of a n y  cell l ayer  aml are  not 
different ia ted at  least  in this respect .  As all hosts  failed 
to complete  deve lopment ,  it canno t  be decided whe the r  
these nuclei differ in their  capac i ty  for fu r the r  t issue 
differentiat ion.  

In another  series, ec todermal  nuclei  f rom the  neura l  
plate of diploid hosts were t r ansp lan ted  into haplo id  
donors. This series is of less in teres t  than  the  first one  
because the  nuclei of haploid hosts  m igh t  be expec t ed  in 
some cases to become diploid and thus  be confused wi th  
donor  nuclei;  fur thermore,  haploid  embryos  are expec t -  
ed to be more prone to abnormal i t ies .  Nine hosts  were 
fixed in this series, 7 as gast rulae  and 2 as b las tulae .  In  
3 no reliable chromosome counts  could  be made.  Again,  
haploid and diploid cells were found in all cell layers  of 
the  o ther  four. 

As a l ready indicated,  the  recipients  t h a t  were  no t  
fixed a t  the  early neural  plate  s tage  deve loped  abnor -  
mali t ies  and cytolysed soon af terwards .  I t  is hoped  
however  tha t  these abnormal i t ies  migh t  be avo ided  or  
delayed in fur ther  tests by :  (it) imp lan t i ng  one donor  
nucleus only instead c~f a cluster  of 2 to 4, and (b) g rMt-  
ing tissues from the chimaeras  onto  hea l t hy  normal  
embryos,  where these tissues migh t  d i f ferent ia te  
fur ther .  

We wish to thank Professor C. tl. WADmNnror~ for his interest 
in this work anti l)r. G. G. SV.'LMAN for producing the haploid 
embryos used. We are thankful to the Melville Trust (1,'.M.l'.) and 
the Royal CommisMon for the 1851 F.xhibition (J.j.) for Research 
Fellowships, 

E. M. PANTELOURIS anti J. JACOB 

Institute o/ Animal Genetics, Edinburgh, October 28, 
1957. 

Zusammen/assung 

Gruppen von 2-4 somat i schen  K e r n e n  hap lo ider  
Triturus-Embryonen wurden  in diploide,  unge fu rch te  
Eier  injiziert .  11 haplo-diploide Mosa ik -Larven  ent -  
wickel ten sich his zum frfihen Net t ru la -S tad ium.  Nach-  
k o m m e n  yon Kernen  aus dem neura len  E k t o d e r m  oder  
Chorda-Mesoderm von  Spendern  im N e u r u l a - S t a d i u m  
fanden sich in allen drei K e i m b l a t t e r n  der  Wir t s la rve .  

The Temporary Inactivation of Newt Larvae by 
Benzimidazole and its Alkyl Derivatives 

Benzimidazole  and some of its der iva t ives ,  p roduce  
muscle re laxa t ion  in mammals ,  appa ren t l y  by  the i r  
act ion on the  cen t ra l  ne rvous  sys tem t. The  expe r imen t s  

t L. GOODMAN, A, GILMAN, amt N. ]-IART, Fed. Prec. 3, 80 (1943). 
- L. GOODMAW and N. HART, Fed. Prec. ,I, 7:1 (lil.l.i). - F., G. Do- 
MINO, K. R. UN~A, and J. I(ERWIN, J. l)harmacol. 105, ,186 (1952). 
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