
66 Br~ves communications - Brevi ¢omunicazioni [EXPERIENTIA VOL. XlI/2] 

2. Thyroxin  wirkt als Antagonist  hemmend auf die 
Fet tbi ldung,  die durch Cortison beim hypophysekto-  
mier ten Pavian angeregt wird. 

3. Starke Leberverfe t tung ents teht  bet hypophys-  
ektomierten Pavianen nach gleichzeitiger Entz iehung 
yon Cortison und Thyroxin.  

E f f ec t  of  H o r m o n a l  a n d  Dietary  T r e a t m e n t s  on  
Lipogenes is  f r o m  Acetate  i n  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  M i c e  1 

In  a series of publications (e.g. BATES, MAYt~;R, and 
NAUSS2; BATES, ZOMZELY, and MAYERS; MAYER and 
ZIGMERA 4) i t  has been shown tha t  mice with the  hered- 
i tary  obese hyperglycemic syndrome were characterized 
by an increased rate  of acetate  incorporation into fa t ty  
acids over  their  non obese l i t ter  mates, even under 
conditions of paired feeding, restr icted feeding or 
fasting. Under  such conditions, goldthioglucose obese 
mice, hypotha lamic  hyperphagic rats  and hypothalamic  
mice do not  exhibi t  such an increase. Under  conditions 
of ad l ib i tum in take lipogenesis from acetate  in obese 
mice can reach four t imes the normal  value. 

A possible explanat ion of the mechanism of develop- 
ment  of the heredi tary obese hyperglycemic syndrome 
has been offered (MAYER, ANDRUS, and SILIDZSS). I t  
was suggested tha t  these animals were characterized by 
hypersecretion of a pancreatic hyperglycemic hormone, 
presumably glucagon and a secondary hypersecretion of 
insulin. I t  was further  suggested tha t  growth hormone 
may  be trophic to the hyperglycemic factor. I t  has since 
been demonst ra ted  (WRENSHALL, ANDROS and MAYER e) 
t ha t  mice with  the syndrome did in fact show hyper- 
plasia of the islets of Langerhans, and an increased 
pancreatic insulin content,  in spite of degranulat ion of 
cells, consistent with a picture of hypersecretion. As for 
the possibility of increased glucagon secretion, it has been 
shown tha t  the mice show a considerably increased rate  
of glycogen turnover  (SHuLL and MAYERT), correspond- 
ing increased liver phosphorylase ac t iv i ty  (SHuLL, 
ASHMORE, and MAYER s) and a sixfold increase in 
pancreatic glucagon content  after t r ea tment  with 
growth hormone (CLARKE, ~¢VRENSHALL, and MAYER 9, 
to be submitted).  Normal  mice do not show this in- 
crease. Growth hormone induces hyperglycemia in obese 
mice (MAYER and SILIDESIO; SHULL and MAYER ~) and 
obese mice are part icular ly sensitive to glucagon (SttULL 
and MAYERT). In view of these considerations, i t  ap- 
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peared of part icular  interest  to see how insulin, insulin 
combined with hyperglycemia,  growth hormone and 
glucagon affected acetate  incorporation in mice with the 
obese hyperglycemic syndrome and their  controls. Be- 
cause these obese mice on a high fat diet, unlike gold- 
thioglucose (MARSHALL and MAYERla) and hypothalamic  
(MAYER et al. 1 ~) obese mice, are considerably slowed down 
in their  rate of weight gain (MAYER and JoNEsl3), it 
appeared worthwhile to compare effects of this diet  on 
the  acetate  incorporation into fa t ty  acids in obese and 
non obese animals. 

Methods .  The animals used were hereditari ly obese 
hyperglycemic mice, and their  non obese l i t ter  mates, 
4 to 6 months  of age. The weight  of the obese mice were 
in the 40 to 60 g range, tha t  of the non obese 20 to 30 g. 
All animals were housed in individual  cages for at  least 
3 days prior to the experiment .  Unless otherwise noted 
they  were fed Purina Labora tory  chow ad  l ib i tum.  
Fasted animals were subjected to an 18 h fast. The 
animals on the  high fat  diet  were fed for the 10 days 
preceeding the exper iment  the carbohydrate  free diet 
previously described (MAYER and JONES1"). The C a* carb- 
oxyl  labeled acetate  was given intraperi toneal ly  in 
0.5 cm 3 water  solution in measured doses of approxi- 
mate ly  106 c.p.m, in the case of the obese animals and 
106 c.p.m, in the case of the non obese. Hormones  and 
glucose were given intraperi toneal ly in 0-25 cm 2 solu- 
tion. Doses are given in the Table. In  the case of the 
studies using insulin, insulin alone, or insulin with 
glucose, these injections were given 15 min before labeled 
aceta te  administrat ion.  In the exper iment  in which both 
insulin and glucose were given blood glucose determina- 
tions showed tha t  the non obese animals were hyper- 
glycemic (levels of 200 mg % or more) for at least 20 rain 
following injections. The blood glucose levels were back 
at  p re t rea tment  levels after 30 rain. Control saline in- 
jections had no such effect. Glucagon was injected 
10 rain before acetate  was given. The animals were 
sacrificed 30 rain after acetate  administrat ion.  The 
procedure used to determine counts retained in liver and 
carcass (defined as body m i n u s  liver) f a t ty  acids has 
been described in detail  previously (BATES, MAYER, 
NAUSS3; "BATIKS, ZOMZELY, MAYER4). The significance 
and l imitat ions of the method have been discussed in a 
recent  paper (BATES, ZO~ZELY and MAYER). 

Resul t s  and  discuss ion.  The results, expressed in per- 
cent counts retained multiplied by 108 , are given in the 
Table. Significance of the differences with the untreated 
animals, calculated by Student ' s  " t "  method,  are in- 
cluded. I t  is readily seen tha t  insulin considerably in- 
creases lipogenesis from acetate  both in non obese and 
in obese animMs. The fact t ha t  the level reached in the 
carcass of the obese animals is hardly higher than  tha t  
reached by the non obese animals may  indicate t ha t  the 
up'per l imit  is set by  factors other than  circulating 
insulin or that ,  al ternately,  the dose of insulin given is 
ve ry  large in comparison to the amount  of circulating 
insulin. Liver  synthesis was increased proport ionately 
less than  peripherial  synthesis. The effect of growth 
hormone, studied at two t ime intervals  because of the 
observed delay in the hyperglycemic action in obese 
mice (SHULL and MAYERT), shows tha t  growth hormone 
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Treatment 

Controls: 1~ cm -~ Saline . . . .  

Insulin.  3 IU/mouse . . . . .  

I n su l in -3 IU]mouse  +g Iucose  
100 mg/mouse . . . . . . .  

Growth Hormone 2 rag/mouse 
3 h af ter  . . . . . . . . .  

Growth Hormone  2 nag/mouse 
12 h after  . . . . . . . . .  

H.G.F. 100/zg/mouse . . . . .  

Fasting . . . . . . . . . . .  

Fasting + 100 ~g/mouse H.G.F.  

High F a t  Diet . . . . . . . .  

Obese animals 

Carcass 

1088 --t- 245 
26 animals 

2146 :h 189++ 
6 animals 

1622 4- 390 ++ 
I0 animals 

680 4- 115 ++ 
6 animals  

987 ~ 248 
10 animals 

841 ~= 188++ 
i0  animals  

353 ~ 70++ 
6 animals  

572 -i- 166 ++ 
6 animals  

I. All data are expressed as percent counts x 103. 
2. Figures fo!lowing :1: are standard deviations. 

Liver 

892 :h 194 
25 animals 

986 :~ 202 
6 animals 

1251 4- 360 ++ 
10 animals 

549 :[: 244 ++ 
6 animals 

862 :~ 267 
10 animals 

495 ~ 85 ++ 
10 animals 

26 4- 6++ 
6 animals 

21 ~ 13 ++ 
6 animals 

Non obese animals 

Carcass Liver 

181 ± 118 
14 animals 

498 + 150 ++ 
6 a n i m a l s  

283 ± 74+ 
10 animals 

252 ~ 67 
6 animals  

210 4- 101 
10 animals  

116 + 52 ++ 
10 animals 

7=t=3 ++ 
6 animals 

46 ~ 33+ 
6 animals 

12 J :  5 ++. 
6 animals 

Total retention 

Obese 

1 9 8 0 + 3 1 8  
26 animals  

3132 + 166 ++ 
6 animals  

2873=[=472 ++ 
10 animals  

1229-t-345++ 
6 animals  

1849=[=263 
10 animals  

1 3 3 6 : k 2 3 3  ++ 
10 animals 

379-t-63++ 
6an ima l s  

3 2 4 ~ : i 1 3  
14 animals 

2 1 0 2 ~ 3 9 5 + +  
6 animals 

1999-4-268++ 
10 animals 

1043:[ :231 -H- 
6 animals  

4 7 2 : h 1 7 4  ++ 
10 animals 

1127=1=259++ 
10 animals 

2 0 8 ~ 5 9  + 
6an imals  

503:1:217++ 
6animats  

225:t=76 
6an imals  

5 9 3 + 1 7 4  ++ 
6 animals  

Non obese 

505 ± 197 
14 animals  

2600 =k 500 ++ 
6 animals  

2282 -f- 224 ++ 
10 animals  

1295 -I- 276 ++ 
6 animals  

682 :h 261 
10 animals  

1243 -t- 329 +~ 
i0  animals  

215 4- 41++ 
6 animals  

549 :t: 242 
6 animals  

237 :h 72++ 
6 animals  

3. Significance of differences with untreated values calculated by 
Student's method: + p < 0.05, ++ p < 0.01. 

a d m i n i s t r a t i o n  h a s  o p p o s i t e  a c t i ons  as r e g a r d s  a c e t a t e  
i n c o r p o r a t i o n  in  obese  a n d  in  n o n  obese  an ima l s .  I t  
decreases  l ipogenes i s  f r o m  a c e t a t e  in  t h e  obese  mice,  a t  
leas t  a t  t h e  3 h i n t e r v a l ,  b u t  i t  i nc reases  l ipogenes is  
f rom a c e t a t e  v e r y  s i g n i f i c a n t l y  in  t h e  n o n  obese  an ima l s .  
This  f i nd ing  m a y  give  a n  i n t e r p r e t a t i o n  to  t h e  f ac t  t h a t  
g rowth  h o r m o n e  h a s  a h y p e r g l y c e m i c  a c t i o n  in t h e  
obese a n i m a l s  a n d  n o t  in  t h e  n o n  obese  an ima l s ,  T h e  
effect of g l u c a g o n  on  b o t h  t h e  obese  a n d  t h e  n o n  obese  
an imal s  is s i m i l a r  to  t h a t  of g r o w t h  h o r m o n e :  dec reased  
l ipogenesis  f r o m  a c e t a t e  in  obese  an ima l s ,  i nc reased  
l ipogenesis  in  t h e  n o n  obese.  A g a i n  t h e s e  f i nd ings  m a y  
give a n  i n t e r p r e t a t i o n  of t h e  d i f f e r e n t i a l  ef fects  of 
g lucagon o n  b l o o d  sugar .  T h e  s i m i l a r i t y  b e t w e e n  t h e  
effects of g r o w t h  h o r m o n e  a n d  g l u c a g o n  in  t h i s  r e spec t  
m a y  also b e  c o n s t r u e d  to  i n d i c a t e  t h a t  p a r t  of t h e  a c t i o n  
of g r o w t h  h o r m o n e  m a y  be  m e d i a t e d  t h r o u g h  inc reased  
g lucagon sec re t ion .  T h i s  s u g g e s t i o n  is s u p p o r t e d  b y  
prev ious  e v i d e n c e  o n  t h e  e f fec t  of d i e t h y l d i t h i o c a r b a -  
ma te  ( D E D T C )  a d m i n i s t r a t i o n  (MAYER, ANDROS, a n d  
SILIDES) 5 a n d  i n c r e a s e d  p a n c r e a t i c  g l u c a g o n  in t h e  obese  
an ima l s  fo l lowing  g r o w t h  h o r m o n e  a d m i n i s t r a t i o n .  Th i s  
concep t  is a lso i n  a c c o r d  w i t h  t h e  r e su l t s  of BORNSTEIN, 
REID, a n d  YOUNG 1* a n d  FoA et aI. xs. O n  t h e  o t h e r  h a n d  
the  f ac t  t h a t  g lucagon ,  b u t  n o t  g r o w t h  h o r m o n e ,  causes  
an  inc rease  in  t h e  b l o o d  s u g a r  leve l  of f a s t e d  obese  mice  
is sti l l  u n e x p l a i n e d .  I t  cou ld  b e  d u e  t o  c o n c e n t r a t i o n  or  
to  a d e l a y  of a c t i o n  effect .  F a s t i n g  as  p r e v i o u s l y  s h o w n  
cons ide r ab ly  dec reases  l ipogenes i s  f r o m  a c e t a t e  in  obese  
as well  as  in  n o n  obese  a n i m a l s .  As  h a s  b e e n  s h o w n  to  
be  c h a r a c t e r i s t i c  of " m e t a b o l i c  o b e s i t y "  t h e  r a t e  of 
l ipogenesis  is s t i l l  s i g n i f i c a n t l y  h i g h e r  (p < 0.01) in  
fas ted  obese  t h a n  in  f a s t e d  n o n  obese  mice.  W h e n  
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g lucagon  is g i v e n  to  f a s t e d  n o n  obese  mice  t h e  r e s u l t a n t  
l ipogenesis  p i c t u r e  is v e r y  s i m i l a r  to  t h a t  o b t a i n e d  in  
u n t r e a t e d  fa s t ed  obese  mice,  a f i n d i n g  of p a r t i c u l a r  
i n t e r e s t  in  v iew of t h e  s u g g e s t e d  e t io logy.  F i n a l l y ,  
p l ac ing  t h e  a n i m a l s  on  a h i g h  f a t  d i e t  d e p r e s s e s  l ipo-  
genesis  f rom a c e t a t e  b o t h  in t h e  obese  a n d  in t h e  n o n  
obese  an imal s ,  I n  v iew of t h e  c o n s i d e r a b l e  s low d o w n  in 
we igh t  ga in  s h o w n  b y  obese  h y p e r g l y c e m i c  mice  on  t h i s  
d ie t  i t  is of i n t e r e s t  to  n o t e  t h a t  t h e  dec rea se  in  l ipo-  
genesis,  is b o t h  p r o p o r t i o n a t e l y  a n d  a b s o l u t e l y ,  m u c h  
g r e a t e r  in  obese  t h a n  in n o n  obese  mice .  

D. J,  SILIDES a n d  J .  MAYER 

Department o/ Nutrition, Harvard University, School 
o/ Public Health, Boston, October 27, 1955. 

Zusammen]assung 

ES wi rd  die W i r k u n g  e iner  B e h a n d l u n g  m i t  v e r s c h i e -  
d e n e n  H o r m o n e n  u n d  K o s t f o r m e n  au f  d en  A z e t a t e i n b a u  
in  F e t t s ~ n r e n  be i  e rb l i ch  f e t t s t i c h t i g e n  M ~ u s e n  u n d  
i h r e n  n o r m a l e n  G e s c h w i s t e r n  aus  d e m  g le ichen  W u r f  
u n t e r s u c h t .  I n su l in ,  m i t  u n d  o h n e  G l u k o s e  v e r a b r e i c h t ,  
s t e ige r t  d ie  L ipogenese  bei  b e i d e n  M ~ u s e t y p e n .  W a c h s -  
t u m s h o r m o n  n n d  G l u k a g o n  v e r m i n d e r n  d e n  A z e t a t -  
e i n b a u  be i  d e n  f e t t s i i ch t i g en ,  v e r m e h r e n  i h n  a b e r  be i  
n i c h t f e t t e n  T ie ren .  G l u k a g o n  b e w i r k t  be i  n o r m a l e n  
T i e r e n  e ine  S t e i g e r u n g  d e r  E i n b a u r a t e ,  d ie  d e r  be i  u n -  
b e h a n d e l t e n  f e t t s i i c h t i g e n  g l e i c h k o m m t .  F i i t t e r u n g  e ine r  
f e t t r e i c h e n  K o s t  s e n k t  d ie  L i p o g e n e s e  be i  f e t t s f i c h t i g e n  
M~tusen in  s t ~ r k e r e m  A u s m a s s  als  be i  n i c h t f e t t s t i c h t i g e n .  
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