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Elevation of Blood Glucose and Induction of Hepatic Enzymes by 2-Deoxyglucose  in Mice with 
Hypothalamic Damage Caused by Gold Thioglucose 

These exper imen t s  were done to tes t  a possible  invol- 
v e m e n t  of the  ven t romed ia l  h y p o t h a l a m u s  in the  induc- 
t ion  of two  hepa t ic  enzymes,  ty ros ine  amino t rans fe rase  
and  t r y p t o p h a n  oxygenase ,  by  2-deoxyglucose.  Bo th  
enzymes  tu rn  over  r ap id ly  and  are increased by  Various 
ex t r ahepa t i c  s t imuli .  For  instance,  the  enzymes  vary  in a 
da i ly  r h y t h m  in mice  and  ra ts  wi th  free access to  food 1 5; 
the  r h y t h m  in the  enzymes  is d e p e n d e n t  upon r h y t h m i c  
food in take  in such animals  and  c a n b e  a l t e r e d b y  changing 
the  feeding r h y t h m  6,7. We  have  previous ly  shown t h a t  
mice w i thou t  an in tac t  ven t romed ia l  hypo tha l amus ,  i.e. 
mice made  obese by  t r e a t m e n t  wi th  gold thioglucose 
(GTG), do no t  exh ib i t  the  normal  dai ly  r h y t h m  in hepa t ic  
tyros ine  amino t rans fe rase  and  do not  increase the i r  hepa t ic  
ty ros ine  amino t rans fe rase  in response  to  a 48 h fast  4,7. 
Based on these  exper iments ,  we have  considered t h a t  the  
h y p o t h a l a m u s  m a y  be involved in the  regula t ion of 
tyros ine  amino t rans fe rase  (neural regula t ion of t h a t  
enzyme  has also been p roposed  by  BLACK and AXELROD s) 
and  of t r y p t o p h a n  oxygenase  (for which  h y p o t h a l a m i c  
regula t ion  has been d e m o n s t r a t e d  by  SItIMAZU 9). 

The dai ly r h y t h m i c  change of hepa t ic  tyros ine  amino-  
t ransferase  and t r y p t o p h a n  oxygenase  resembles  the  
r h y t h m  in c i rcula t ing free f a t t y  acids and is opposi te  to 
the  r h y t h m  of hepa t ic  glycogen 10. GOLDFIEN ~ h a s  suggest-  
ed t h a t  'mechan i sms  for the  s torage and re t r ieval  of 
subs t ra tes  for i n t e rmed ia ry  me tabo l i sm are requi red  for 
the  i n t e r m i t t e n t  feeding p a t t e r n  observed in m a n y  
species. The in tegra t ive  func t ion  of the  cent ra l  nervous  
sy s t em and  its unique  dependence  on glucose for energy  
me tabo l i sm suggest  t h a t  it  m igh t  p lay  an i m p o r t a n t  role 
in the  regula t ion of these  mechanisms ' .  The r h y t h m i c  
changes  in the  amino  ac id-metabol iz ing  enzymes  and the  
glycogen con ten t  of l iver and  of c i rculat ing free f a t t y  
acids in p lasma  m a y  be mechan i sms  like those  GOLDFIEN 

described.  If so, the  h y p o t h a l a m u s  migh t  be expec ted  to 
have  some direct  or indirect  role in the i r  regulat ion.  

GOLDFIEN et al. 1~ publ i shed  evidence t h a t  the  mobili-  
za t ion  of p l a sma  free f a t t y  acids by  2-deoxyghicose in- 
volves  neural  pa thways .  DESlRAJ U et  al. ~8 repor ted  al tered 
fir ing of single neurons  in the  h y p o t h a l a m i c  feeding 
centers  af ter  2-deoxyglucose adminis t ra t ion .  HOKFELD 
and  BYDGEMAN 14 had  earlier suggested t h a t  2-deoxy- 
glucose ac ted  on a cen t ra l ly  located receptor  to  increase 
ep inephr ine  secret ion f rom the  adrena l  medul la  and in 
t u rn  e levate  blood glucose. LIKUSKI et  al. 15 have  suggested 
tha t  2-deoxyglucose acts  on the  same cells in t he  sa t ie ty  
cen te r  of the  h y p o t h a l a m u s  t h a t  are des t royed  by  GTG. 
RIDLEY and CIRPIL116 repor ted  t h a t  the  s t imula t ion  of 
gastr ic  secret ion induced by  2-deoxyglucose did no t  occur 
in ra t s  wi th  h y p o t h a l a m i c  lesions. These observa t ions  
suggest  t h a t  a t  least  some of the  metabol ic  act ions  of 
2-deoxyglucose are secondary  to  its effect  on h y p o t h a l a m i c  
neurons.  The idea t h a t  h y p o t h a l a m i c  centers  t h a t  control  
feeding behavior  also inf luence endocr ine  regula t ion of 
me tabo l i sm has  previous ly  received a t t en t i on  1~, is 

2-Deoxyglucose has been shown to  induce tyros ine  
amino t rans fe rase  in ra t s  19. The poss ib i l i ty  t h a t  t he  failure 
of GTG-lesioned mice  to show a dai ly r h y t h m  in hepat ic  
ty ros ine  amino t rans fe rase  and  an increase of t h a t  enzyme 
dur ing  s t a rva t ion  is due to a loss of h y p o t h a l a m i c  funct ion 
t h a t  would be required for an effect  by  2-deoxyglucose 
led us to de te rmine  if ty ros ine  amino t rans fe rase  and 
t r y p t o p h a n  oxygenase  in these  mice were affected by  
2-deoxyglucose.  

Male albino mice were ob ta ined  f rom a local supplier  
and  had  free access to s t an d a rd  l abora to ry  chow and 
water .  At  the  t ime  pa r t  of t he  mice  were t r ea t ed  wi th  
GTG (800 mg/kg,  i.p.), the i r  body  weights  ranged be tween  
16 and 21 g. 4 m o n t h s  later, when  th is  expe r imen t  was 

t I 
(a)G[uc0se 

400 t 

200~0  

aminotranstoraso 

~ L (c)Tryp~ophan oxygenase 

Z0 

0 
contro/ GOld 

Thioglucose 
o005~ 

Effects of 2-deoxyglucose (solid bars) 
in control and gold thioglucose obese 
mice compared to saline treatment 
(open bars), a) Plasma glucose in 
mg/100 ml; b) hepatic tyrosine amino- 
transferase in ~tmoles p-hydroxyphe- 
nylpyruvate formed per min/g (wet 
weight) of tissue; c) hepatic trypto- 
phan oxygenase in nmoles kynurenine 
formed per min/g (wet weight) of 
tissue. Means and standard errors for 
5 mice per group are shown. 
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per fo rmed ,  t h e  we igh t  in  g rams  of t he  10 con t ro l  mice 
was 39.8 • 1.4 SEM T he  G T G - t r e a t e d  mice  ave raged  
60.7:1= 2.0 g. The  dif ference in we igh t  was  h igh ly  signit i-  
c a n t  ( P  < 0.001). All  of t he  G T G - t r e a t e d  mice  dif fered 
f rom t h e  con t ro l  m e a n  we igh t  b y  more  t h a n  2 s t a n d a r d  
dev i a t i ons  (which  was our  c r i t e r ion  for ensur ing  t h a t  
h y p o t h a l a m i c  d a m a g e  h a d  resu l ted  f rom t h e  GTG).  

2-Deoxy-D-glucose (500 mg/kg ,  s.c.) or sal ine was 
in jec ted  a t  noon  i n to  5 mice  pe r  group.  2 h later ,  t h e  
mice were ki l led b y  decap i t a t ion .  Blood  was col lected 
in to  hepa r in i zed  t u b e s ;  p l a s m a  was p r e p a r e d  a n d  ana lyz-  
ed for glucose b y  a glucose oxidase  m e t h o d .  T he  l ivers  
were r ap id ly  r e m o v e d  a n d  f rozen on  d r y  ice. L a t e r  t h e y  
were homogen ized ,  a n d  t h e  1 0 0 , 0 0 0 •  s u p e r n a t a n t  
f r ac t ion  was used for e n z y m e  assays  g0, ~.  

The  F igure  a shows p l a s m a  glucose levels.  T he  GTG-  
les ioned mice  in th i s  e x p e r i m e n t  were hyperg lycemic .  
The  p e r c e n t a g e  increase  in b lood  glucose c o n c e n t r a t i o n  
caused  b y  2-deoxygIucose was a b o u t  equa l  in  con t ro l  
a n d  in G T G - t r e a t e d  mice.  Basa l  a c t i v i t y  of hepa t i c  
t y ros ine  a m i n o t r a n s f e r a s e  (Figure b) in  GTG-les ioned  
mice  was a p p r o x i m a t e l y  equa l  to  t h a t  in  i n t a c t  mice. 
2-Deoxyglucose  s ign i f i can t ly  increased  t he  e n z y m e  in 
b o t h  groups,  a l t h o u g h  t he  response  in t h e  GTG-les ioned  
mice  was  on ly  a b o u t  ha l f  t h a t  in  t he  controls .  YUWILER 
et  al. 82 h a v e  shown  t h a t  glucose feeding a n t a g o n i z e d  t h e  
i n d u c t i o n  of t y ro s ine  a m i n o t r a n s f e r a s e  b y  glucocort icoids,  
t r y p t o p h a n ,  and  casein.  Poss ib ly  t he  h i g h  b lood  glucose 
level  in  t he  G T G  mice  t r e a t e d  w i t h  2-deoxyglucose sup-  
pressed  t h e  i n d u c t i o n  of ty ros ine  amino t r ans fe r a se .  B u t  
YUWlLER et  al. also found  t h a t  glucose an t agon i zed  
t r y p t o p h a n  oxygenase  induc t ion ,  and  t r y p t o p h a n  oxy-  
genase  i n d u c t i o n  b y  2-deoxyglucose was as g rea t  in  t h e  
G T G  mice  as in  cont ro l s  (Figure c). Indeed ,  hepa t i c  t r y p -  
t o p h a n  oxygenase  a c t i v i t y  was a l m o s t  iden t i ca l  in  GTG-  
t r e a t e d  a n d  in con t ro l  mice  b o t h  before  a n d  a f t e r  t r ea t -  
m e n t  w i t h  2-deoxyglucose.  These  e x p e r i m e n t s  show t h a t  
2-deoxyglucose  induces  hepa t i c  t y ros ine  a m i n o t r a n s f e r -  
ase a n d  t r y p t o p h a n  oxygenase  b o t h  in i n t a c t  mice  a n d  
in mice  w i t h  G T G - i n d u c e d  h y p o t h a l a m i c  lesions. A n  
i n t a c t  v e n t r o m e d i a l  h y p o t h a l a m u s  is t h u s  no t  r equ i red  
for these  effects of 2-deoxyglucose.  

The  m e c h a n i s m  b y  wh ich  2-deoxyglucose induces  these  
enzymes  is no t  es tab l i shed .  W e  h a v e  ear l ier  shown  t h a t  

t y ros ine  a m i n o t r a n s f e r a s e  is i nduced  b y  ep inephr ine  23, 
so t h a t  s t i m u l a t i o n  of ep ineph r ine  secre t ion f rom the  
ad rena l  medu l l a  is a possible  mechan i sm.  T h a t  s t imuIa t ion  
of ep ineph r ine  secre t ion  in f ac t  occurred  a f t e r  2-deoxy- 
glucose a d m i n i s t r a t i o n  to  b o t h  g roups  of mice  is suggested  
b y  t he  s imi la r  e l eva t ion  in b lood  glucose levels. P l a s m a  
free f a t t y  acid levels m e a s u r e d  a t  t he  t i m e  of sacrifice 
of t he  mice  in our  s t u d y  were  n o t  e l eva t ed  in t he  2- 
deoxyg lucose - t r ea t ed  group,  b u t  t h a t  is no  d o u b t  because  
t he  t i m e  i n t e r v a l  of 2 h a f t e r  d rug  t r e a t m e n t  was too  
long;  RICHARDSON a n d  HOKFELT 2~ f o u n d  m a x i m u m  
increase  in p l a s m a  F F A  1/g h a f t e r  2-deoxyglucose t r ea t -  
m e n t  w i t h  l i t t l e  effect  r e m a i n i n g  a t  2 h. 

I n  s u m m a r y ,  2-deoxyglucose increased hepa t i c  t y ros ine  
a m i n o t r a n s f e r a s e  a n d  t r y p t o p h a n  oxygenase  ac t i v i t y  in  
i n t a c t  mice  and  in  mice w i t h  h y p o t h a l a m i c  lesions induced  
b y  G T G  t r e a t m e n t .  The  i n d u c t i o n  of these  enzymes  m a y  
h a v e  been  m e d i a t e d  b y  s t i m u l a t i o n  of ad r ena l  m e d u l l a r y  
secret ion.  

Zusammen/assung. 2-Deoxyglukose  f i ih r t  bei M~Lusen 
zu B l u t z u c k e r s t e i g e r u n g  u n d  in der  Leber  zu A k t i v i e r u n g  
der  T r y p t o p h a n - P y r r o l a s e  n n d  T y r o s i n e - T r a n s a m i n a s e  
bei  d u r c h  Gold th iog lukose  v e r u r s a c h t e n  h y p o t h a l a -  
m i schen  Sch~den.  

R . W .  FULLER 25 

The Lilly Research Laboratories, 
Eli Lilly and Company, 
Indianapolis (Indiana 46206, USA),  
26 July  797J. 

20 E. C. C. LIN, B. IVL PITT, M, CIVEN and W. E. KNox, J. biol. Chem. 
233, 668 (1958). 

21 W. E. KNOX and V. H. AUERBACH, J. biol. Chem. 21J, 307 (1955), 
22 g. YUWILER, g. WETTERBI~RG and E. GELLER, Biochem. biophys. 

Acta 208, 428 (1970). 
23 R. W. FULLER and H. D. SNoDDY, Biochem. Pharmac. 79, 1518 

(1970). 
24 L. RICHARDSON and B. HOKFELT, Proc. Soc. exp. Biol. Med. 117, 

83 (1964). 
25 I thank HAROLD D. SNODDY and BETTY J. WARREN for expert 

technical assistance. 

E a r l y  a n d  S e l e c t i v e  I n c r e a s e  in  B r a i n  D o p a m i n e  

The  d o p a m i n e  (DA) in t he  n e o s t r i a t u m  ( the c a u d a t e  
nuc leus  p lus  p u t a m e n )  d i sappear s  w i t h i n  a week  a f t e r  
m a k i n g  lesions in t h e  cell bod ies  or in  t he  n o n - t e r m i n a l  
axons  be long ing  to  t h e  n ig ro -neos t r i a t a l  D A  neu r ons  1-3. 
Th i s  is p r o b a b l y  due  to  degene r a t i on  a n d  d e a t h  of t h e  DA-  
c o n t a i n i n g  a x o n  t e r m i n a l s  of these  neurons .  Similar ly ,  as- 
cend ing  n o r a d r e n a l i n e  (NA) neu r ons  h a v e  been  d e m o n -  
s t r a t e d  a n d  m a p p e d  o u t  2, 4. I n  t h i s  inves t iga t ion ,  t he  t i m e  
courses  of t h e  changes  in t he  D A  a n d  N A  c o n c e n t r a t i o n s  of 
t h e  fo r eb ra in  h a v e  been  s tud ied  b o t h  b iochemica l l y  a n d  
h i s t ochemica l l y  in  more  detai l ,  a n d  h a v e  b e e n  c o m p a r e d  in  
t he  same  an imals ,  a f t e r  lesions were m a d e  in t h e  a scend ing  
D A  a n d  N A  p a t h w a y s ,  

Material and methods. I n  t h e  b iochemica l  expe r imen t s ,  
hooded  r a t s  of b o t h  sexes weigh ing  a b o u t  200 g were used. 
U n d e r  p e n t o b a r b i t a l  sod ium a n a e s t h e s i a  ( abou t  40 m g / k g  
i.p.), a comple t e  a n d  a l m o s t  f r on t a l  hem i s ec t i on  of t he  
fo reb ra in  t h r o u g h  t h e  cauda l  h y p o t h a l a m u s  was m a d e  b y  
m e a n s  of a b l u n t - e d g e d  s p a t u l a  5. I n  t h e  con t ro l  ra ts ,  on ly  

L e v e l s  a f ter  A x o t o m y  

the  skul l  a n d  d u r a  were opened .  A t  d i f fe ren t  t i m e  in ter -  
va ls  a f t e r  t he  opera t ion ,  t h e  r a t s  were d e c a p i t a t e d  a n d  t h e  
lesion was e x t e n d e d  to t he  o t h e r  side. The  D A  a n d  N A  on 
b o t h  sides of t h e  fo reb ra in  f r o n t a l  to  t he  lesion were de- 
t e r m i n e d  spec t ropho to f luo r ime t r i ca l l y  a f t e r  ca t ion  ex- 
change  c h r o m a t o g r a p h y  a n d  o x i d a t i o n  6-s. 
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