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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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Contents (~g/side) of dopamine (DA) and noradrena- 
line (NA) on the 2 sides of the rat forebrain at various 
time intervals after a complete hemisection of the 
brain. Means and number of experiments are indi- 
cated. Differences between the operated and unopera- 
ted side are indicated by ***, ** and * for P < 0.001, 
P < 0.01 and P < 0.05, respectively. Statistical eva- 
luation by t-test after single-factor analysis of varian- 
ce (variances within groups 0.01779 and 0.001437 with 
66 and 60 degrees of freedom within groups for DA and 
NA, respectively). 

I n  t h e  h i s t o c h e m i c a l  e x p e r i m e n t s ,  S p r a g u e - D a w l e y  r a t s  
we igh in g  150 g were ope ra t ed  on un i l a t e r a l l y  u n d e r  N 2 0 - O  9- 
h a l o t h a n e  a n a e s t h e s i a  4. T h e  e l ec t ro the rmie  lesion w a s  
a b o u t  i m m  in d i a m e t e r  and  was  p laced  s t e r eo tax ica l ly  a t  
t h e  level  of t h e  m a m i l l a r y  body.  I t  i nvo lved  t he  la te ra l  p a r t  
of t h e  la te ra l  h y p o t h a l a m i c  area,  t he  v e n t r a l  p a r t  of t he  
c rus  cerebr i  a n d  t h e  med ia l  p a r t s  of t h e  s u b t h a l a m u s .  A t  
d i f fe ren t  t i m e  i n t e r v a l s  a f t e r  t h e  opera t ion ,  t he  b ra ins  were 
t a k e n  for h i s t o c h e m i c a l  ana ly s i s  of m o n o a m i n e s  wh ich  in- 
vo lved  f reeze-drying ,  f o r m a l d e h y d e  t r e a t m e n t  and  em-  
b e d d i n g  in p a r a f f i n  9,10. I n  order  to  obse rve  increases  in t h e  
D A  f luorescence  m o re  easi ly,  r e l a t i ve ly  d ry  r eac t ion  con-  
d i t i ons  were used.  

Results  and discussion. Using  b iochemica l  t e chn iques ,  a 
m a r k e d  a n d  s t a t i s t i c a l l y  h i g h l y  s ign i f i can t  rise in D A  w a s  
obse rved  on t h e  les ion side (Figure).  The  increase  was  al- 
r e a d y  e v i d e n t  15 m i n  a f t e r  t he  ope ra t i on  a n d  t he  D A  con- 
t e n t  s eem ed  to  r e m a i n  a t  a b o u t  150% of t he  u n o p e r a t e d  
s ide for a b o u t  24 h. Therea f t e r ,  t h e  D A  c o n c e n t r a t i o n  fell 

The fluorescence intensity in the neostriatal dopamine nerve termi- 
nals of rat at different time intervals after acute unilateral electro- 
thermie lesion 

Fluorescence intensity~ 

Hours after operation Lesion side Control 
side 

0 2 (7) 2 (7) 
1/4 21/2 (4) 3 (2) 2 (6) 
1/2 21/2 (2) 3 (2) 2 (4) 

1 3 (2) 4 (4) 2 (5) 
3 3 (1) 4 (12) 2 (13) 
6 4 (7) 2 (z) 

18 4 (5) 2 (5) 

24 2 (2) 3 (5) 2 (7) 
36 0 (3) 1 (5) 2 (8) 
4s o (5) 2 (5) 

�9 A semiquanti tat ive estimation of fluorescence intensity was made on 
coded slides: 4 = very strong, 3 = strong, 2 = moderate, 1 = weak, 
0 = no fluorescence. Number of rats within parentheses. 

s h a r p l y  to  v e r y  low va lue s  a f t e r  7 days .  P r e v i o u s  r epor t s  
h a v e  i nd i ca t ed  t h a t  a lesion of t he  n ig ro -neos t r i a t a l  D A  
p a t h w a y  m a y  cause  a t r a n s i e n t  rise in t h e  s t r i a t a l  D A  be- 
fore i ts  d i s a p p e a r a n c e  11-13. I n  c o n t r a s t  to  t h e  DA, t h e  
a m o u n t s  of N A  r e m a i n e d  v i r t u a l l y  u n c h a n g e d  un t i l  t h e  
t h i rd  d a y  a f te r  t he  ope ra t i on  w h e n  a fall t h e n  occurred.  
No ea r ly  c lea rcu t  c h a n g e s  were obse rved  for 5 -hyd roxy -  
t r y p t a m i n e  accord ing  to our  p r e l i m i n a r y  da ta .  The  losses 
of D A  a n d  N A  can  be a c c o u n t e d  for b y  a n t e r o g r a d e  de- 
ge ne ra t i on  of t he  a s c e n d i n g  neurons .  

I n  t h e  h i s t o c h e m i c a l  e x p e r i m e n t s ,  s imi la r  increases  were 
obse rved  for t h e  D A  f luorescence  in t h e  ne rve  t e r m i n a l s  
of t he  c a u d a t e  n u c l e u s - p u t a m e n  (Table). Less  m a r k e d  in- 
creases  were seen in t h e  D A  t e r m i n a l s  of t he  o l fac to ry  tu -  
bercle a nd  nuc l e us  a c e u m b e n s .  B o t h  t h e  n ig ro -neos t r i a t a l  
a nd  t h e  meso - l imb ic  D A  n e u r o n s  were seve red  b y  the  le- 
sion, as  ev idenced  b y  t he  v a s t  a c c u m u l a t i o n  of ca techol -  
a m i n e s  in t he  D A  b u n d l e s  c a u d a l  to  t he  lesion a n d  b y  re- 
t r og ra de  c h a n g e s  in t he  m e s e n c e p h a l i c  D A  cell bodies.  
Since a s imi la r  a c c u m u l a t i o n  was  obse rved  in t he  v e n t r a l  
N A  b u n d l e  on t he  cell b o d y  side of the  lesion, th i s  p a t h w a y  
was,  in all p robab i l i ty ,  also affected.  H o w e v e r ,  t he  large 
N A  ne rve  t e r m i n a l s  of th i s  s y s t e m  in t he  h y p o t h a l a m u s ,  
p reop t ic  area  a n d  basa l  fo rebra in  did no t  d i sp l a y  a n y  in-  
crease  co r r e spond ing  to  t h a t  of t he  D A  t e r m i n a l s .  

I n  conclus ion ,  a lesion of t h e  a s c e n d i n g  c a t e c h o l a m i n e  
n e u r o n s  in t he  b r a in  p roduc e s  a n  increase  in t h e  D A  b u t  
no t  in t he  N A  c o n c e n t r a t i o n  of t he  c o r r e spond ing  ne rve  
t e r m i n a l s  before t he  d i s a p p e a r a n c e  assoc ia ted  w i th  ne rve  
de ge ne ra t i on  occurs .  Th i s  rise m u s t  be due  to  an  i m b a l a n c e  
b e t w e e n  f o r m a t i o n  a n d  loss of D A  b u t  t he  e x a c t  m e c h a -  
n i s m  needs  f u r t h e r  i n v e s t i g a t i o n s  14. 
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Rdsumd. Nous avons  6tudi6 les concen t ra t ions  de dop-  
amine  et  de noradr6nal ine  du prosenc6phale  apr~s 16sion 
unilat6rale des neurones  monoamine rg iques  correspon-  
dants .  Les deux m6thodes  employ6es soit  b ioch imique  et  
h i s toch imique  on t  mis en 6vidence sens ib lement  le m~me 
ph6nom~ne,  ~ savoir  : une a u g m e n t a t i o n  i m p o r t a n t e  e t  ra-  
p ide  du t a u x  de dopamine  en t re  15 m i n e t  24h suivie d ' une  
chu te  due selon routes  probabi l i t6s  ~ la d6g6nerescence 

axonale . 'Quand ~ la noradr6nal ine,  seule la deux igmephase ,  
la chute,  a pu ~tre observ6e. 

N . - E .  ANDI~N, P. BEDARD, K. FUXE and  U. UNGERSTEDT 

Department o/Pharmacology, University o/ G6teborg, 
S-400 33 G6teborg 33, 
and Department o/Histology, Karolinska Institutet, 
S-70d 07 Stockholm 60 (Sweden), 17 August 1971. 

Inhibition of Acute Inflammation by Hyperlipemia 

Dex t r an - induced  anaphy lac to id  i n f l ammat ion  is inhi-  
b i t ed  by  d iabe tes  1. I t  has  been suggested t h a t  th is  is due 
to the  e levat ion  of the  blood sugar  level 2. Hyper l ipeu l ia  
is also very  charac ter i s t ic  of diabetes .  Therefore,  experi-  
men t s  were carr ied out  to  de t e rmine  the  influence of t h e  
art if icial ly induced  hyper l ipemia  on the  i n f l a m m a t o r y  
response  evoked by  dex t ran .  

Methods. Female  ra t s  of R A m s t e r d a m  s t ra in  weighing 
100-200 g were used. I n f l a m m a t o r y  response  was p roduced  
by  subp lan ta r  in jec t ions  of dex t r an  (300 ~zg I n t r a d e x  in 
0.1 ml) and carrageenin  (500 ~xg in 0.1 ml). The volumes  
of the  h ind  paws were measured  by  a mercury  displace- 
m e n t  m e t h o d  before and  60 min  af ter  d e x t r a n  and 4 h 
af ter  carrageenin  inject ion.  The degree of inh ib i t ion  was 
expressed as pe rcen t  of the  contro l  value.  

Hype r l ipemia  was induced  by  oral admin i s t r a t ion  of 
sunflower seed oil (oleum hel ianthi)  and oleic acid by  a 
s tomach  tube  and  by  i.v. in jec t ion  of L ipofund in  | (B. 
Braun,  Melsungen, 10% soybean  oil emulsion (and oleic 
acid)/3~o emulsion p repared  by  Tween 20 in isotonic 
saline). I n f l a m m a t i o n  was induced  2 h af ter  oral and 30 
min  following i.v. admin is t ra t ion .  Serum samples  were 
w i t h d r a w n  at  the  t ime  when  in f l ammat ion  was provoked.  
Lipids  were ex t rac teda  and evapora t ion  was done under  
N 2 a tmosphe re  4. Triglyceride and  free f a t t y  acids (FFA) 
were de t e rmined  by  th in  layer  c h r o m a t o g r a p h y  ~. Blood 
sugar  was measured  by  or tho to lu id ine  reagent  6 

Results and discussion. The exper iments  showed t h a t  
oleum he l i an th i  (5.0 g/kg by  mouth)  and  Lipofundin  | 
(0.5-1.0 g/kg i.v.) cons iderab ly  inhib i ted  the  anaphy lac to id  
i n f l a m m a t i o n  (Table I). The effect  depended  upon  the  
dose appl ied  and the  body  weight  of the  animals .  The 
inh ib i t ion  was only mo d e ra t e  in ra ts  weighing 100 or 
150 g, whereas  animals  weighing 200 g r e sponded  more  
in tens ive ly  to  the  p r e t r e a t m e n t .  This  fact  emphas izes  the  
significance of age in the  inh ib i to ry  response induced  by  
fa t  load. 

Oleic acid in a dose of 150 mg/kg  i.v. was ineffect ive in 
blocking d e x t r a n  edema.  Oleic acid and glycerol (5.0 g/kg) 
given by  m o u t h  had  no s ignif icant  effect  on the  inf lam- 
m a t o r y  process  evoked by  d ex t r an  (Table I). 

Lipid  de t e rmina t i ons  ind ica ted  t h a t  1.0 g/kg of oleum 
he l ian th i  which  had  no effect  on the  i n f l ammat ion  did no t  
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Table I. Effect of oleum helianthi, Lipofundin | oleic acid and glycerol on the acute inflammation induced by dextran 

Pretreatment Dose Route of Body weight ~ Inhibition P 
( g / k g )  administration (g) ( % ) 

Oleunl helianthi 1.0 per os 200 (6) 11 N.S. 
5.0 150 (6) 33 0.01 
5.0 200 (10) 51 0.001 

Lipofundin | 0.25 i.v. 200 (6) 28 0.01 
0.5 200 (10) 55 0.001 
1.0 100 (6) 36 0.01 
1.0 150 (6) 36 0.01 
1.0 200 (10) 61 0.001 

Protamine sulphate 0.005 i.v. 200 (10) 0 N.S. 

Protamine sulphate 0.005 i.v. 

plus Lipofundin | 0.5 200 (10) 75 0.01 ~ 

Oleie acid 0.15 i.v. 200 (10) 0 N.S. 
5.0 per os 200 (10) 12 N.S. 

Glycerol 5.0 per os 200 (6) 0 N.S. 

sin parentheses number of experiments, bCompared to the group treated with only Lipofundin | ~ was evoked 1 h after th~ 
administration of oleic acid. N.S.: not significant. 


