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ure 3). However ,  in case of the  highest  dose of SRBC,  
a d j u v a n t  effectiveness of l ipids was not  observed.  Fu r the r  
exper iments  showed tha t  l ipids f rom listeria organisms 
played an impor t an t  role not  only in pr imary ,  bu t  also in 
secondary response (Table). The l ipids adminis tered  to 
mice together  wi th  SRBC 40 days before a second challen- 
ge wi th  SRBC, resulted in a ve ry  high number  of PFC. 

Discussion. The da ta  accumula ted  at  the  cellular and 
humora l  levels indicate  t h a t  l ipids f rom Listeria monocyto- 
genes used in appr iopr ia te  dose m a y  be regarded as a s t rong 
ad juvant .  The  depressive act ion of high doses of l isterial  
l ipids probably  depends on the  damage  of immunocy tes  
or disorder of ant igen-processing ~, ~. The  results give evi- 
dence tha t  the  a d j u v a n t  act ion of these lipids depends on 
in teract ion in the  early stages of immune  response, prob- 
ably  when ant igen is being processed by macrophages  or 
recognized by ant igen-sensi t ive cells s, s; the  lipids injected 
after  the  ant igenic s t imulus  did not  show an ad juvan t  ef- 
fect. According to some authors  the  lipids of Listeria mo- 
nocytogenes influence the  phagocyt ic  ac t iv i ty  of macro-  
phages 10 cause an e levat ion  of wet  spleen weight  1 and in- 
crease the  number  of c i rculat ing monocytes  2. I t  m a y  be 
concluded tha t  t hey  act  by  increasing the  number  of mem-  
ory ceils dur ing the  p r imary  response. Similar  act ion of 
o ther  ad juvan t s  of bacter ia l  origin (Bordetella pertussis, 
endotoxins  f rom Enterobacter iaceae)  was shown by  F In -  
GER et al.  11'1$. 

Rdsumd. Nos exp6riences ont  d6montr6 que les l ipides de 
Listeria monocytogenes ont  un fort  effet  a d j u v a n t  aux ni- 
veaux  cellulaire et humoral .  Comme antigone, on a utilis6 
des grythrocytes  de mouton.  On a d6termin6 le hombre  de 
cellules de la ra te  produisant  des ant icorps  ainsi que le 
t i t re  de l 'h6molysine  d 'apr~s la m6thode de l 'h6molyse 
radiMe en g61ose. 
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Central Glucoprivation: Some Physiological  Effects Induced by the Intraventricular 
Administrat ion of 2 -Deoxy-D-Glucose  

2-deoxy-D-glucose (2-DG), an unmetabol izab le  analogue 
of glucose, blocks glycolysis and produces a 'metabol ic  
pa radox '  of intracel lular  glucopenia associated wi th  
hyperg lycemia  1. As a result  of glucoprivat ion,  systemic 
adminis t ra t ion  of large doses of 2-DG induces feeding 
behaviour  2, inhibi t ion of insulin secretory response to 
insulin secretagogues ~ and an influence on growth hormone  
and cort icosteroid release 4. Systemic  admin is t ra t ion  of 
2-DG induces also a s t r iking increase in epinephrine 
secretion, which is the  usual  response of t he  organism to 
glucose unava i lab i l i ty  ~, 9. The  fact  t h a t  systemic adminis-  
t r a t ion  of 2-DG is coupled wi th  cerebral  symptoms  charac- 
ter is t ic  of hypog lycemia  (drowsiness, s tupor  and ataxia ,  
hunger  and sweating) despite marked  hyperglycemia ,  
suggested t h a t  bo th  cerebral  and per ipheral  g lucopriva-  
t ion occurred i n  animals  2 and humans  s. W e  have  recent ly  
been in teres ted in de termining  whe ther  2-DG was capable  
of exer t ing physiological  effects by  an act ion on the  central  
nervous sys tem (CNS) independen t  of its inh ib i to ry  a or 
s t imula to ry  effects ~, 4 a t  the  per ipheral  level. This  repor t  
summarizes  par t  of our recent  work  on the  effects of the  
in t raven t r i cu la r  (IVT) adminis t ra t ion  of 2-DG in the  
unanes the t ized  rat .  

Material and methods. I n t a c t  Sprague-Dawley  (SD) 
female rats,  150-200 g or SD female rats, hypophysec tom-  
ized at  26 days of age, were used in the  exper iments .  
Food was wi thd rawn  at  the  s ta r t  of each exper iment  
whereas  access to wa te r  was pe rmi t t ed  throughout .  A 
small  po lye thy lene  cannula  (PE 10) was implan ted  into 
the  la tera l  vent r ic le  of t he  bra in  under  l ight  pen tobarb i t a l  
anesthesia  7 and the  ra ts  were then  placed in ind iv idual  
cages. Af te r  a l lowing 2-3 days for recovery,  the  substance 
was injected th rough  the  implan ted  cannula  w i thou t  
anesthesia  in a vo lume  of 20 ~zl. 

Blood glucose. A sample of blood was collected for 
blood glucose (BG) de te rmina t ions  (glucose oxidase) 

immedia te ly  before and a t  var ious  t ime  in terva ls  (see 
Resul ts  and discussion) following 2-DG or pyrogen-free  
saline adminis t ra t ion  s. 

Plasma insulin. Plasma  levels of insulin (I) were deter-  
mined  according to a r ad io immunoassay  (RIA) me thod  
previous ly  described 9. 

Food Intake. Rats  bear ing an I V T  cannula  were individ-  
ual ly  housed and for 2 consecut ive days  thei r  spontaneous  
food in take  was measured  accura te ly  every  hour, beginn- 
ing at  10.00 h and for the  nex t  6 h. 2-DG (2,5 rag) was 
in jec ted  I V T  on the  day  of the  exper iment  at  10.00 h. 
Control  rats  were in jec ted  wi th  saline. Food  in take  
ingested hour ly  on the  exper imenta l  day  was compared  to 
the  mean  food in take  ingested dur ing the  same t ime  on 
the  2 days prior  to the  exper iment .  Tap wate r  was avai l-  
able dur ing the  exper iment ,  bu t  wa te r  in take  was no t  
measured.  

Body temperature (BT).  These exper iments  were 
per formed in an ambien t  t empera tu re  of 24~ a t  10.00 h. 
Animals  were in jec ted  IVT wi th  2-DG (2, 5 rag) or pyrogen-  
free saline. Core t empera tu re  was measured  by  means  of a 
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rectal  probe,  read  i n t e r m i t t e n t l y  a t  30 rain in terva ls  for 
150 rain. Blood was also collected a t  the  same t ime  inter-  
vals for BG de te rmina t ions .  BG and BT values  were 
expressed as i nc remen t s  or dec remen t s  of basel ine values  
(see Resul t s  and discussion). S t u d e n t ' s  t - tes t  was used to  
de te rmine  the  significance of the  differences be tween  
groups.  
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Fig. 1. Effect of IVT adminstration of 2-DG on blood glucose. Shown 
are the mean ~ S.E. Asterisks indicate significate differences between 
2-DG groups and their saline-injected controls. Crosses indicate 
significant differences between low (1.25 mE) and high (2.5 rag) 
2-DG doses. Initial BG leveels were 73 ~= 0.78 ~ 1 and 78 =c 2 rag/ 
100 ml in saline (8) 2-DG (1.25 mg) (8) and 2-DG (2.5 mE) (8) treated 
rats, respectively. 
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Fig. 2. Upper panel, mean hourly food intake and total food intake :t= 
S.E. during the 6-h period after the IVT injection of saline (20 btl) 
or 2-DG (2.5 rag). Open histograms represent baseline intake on days 
when no injections were made. Asterisks indicate significant differ- 
ences from baseline intake. N = number of animals. Lower panel, 
effect of 2-DG (2.5 mg IVT) on body temperature and blood glucose. 
Shown are the mean ~ S.E. Initial BT was 38.1 ~ 0.1 and 37.9 =L 1 ~ 
and BG levels were 67 ~ 3 and 74 ~ 2 rag/100 ml in 2-DG (7) and 
saline (8) treated rats, respectively. Asterisks indicate significant 
differences between the 2-DG group and the saline-injected control. 

Resul ts  anddiscuss ion.  Blood glucose. Figure  i shows t h a t  
IVT admin i s t r a t i on  of 2-DG induced  a marked  hyper -  
glycemic response  b o t h  a t  2.5 and 1.25 mg  (2-DG-2.5 mg 
vs saline - p < 0.001 a t  30,60 and  90 min.  ; 2-DG - 1.25 mg  
vs. saline - p < 0.01 at  30 rain, p < 0.02 at  60 rain, 
p < 0.05 at  90 rain). The hyperg lycemic  effect  was dose- 
d e p e n d e n t :  2-DG - 2.5 mg  vs. 2-DG 1.25 mg  p < 0.05 at  
30 rain, p < 0.02 at  60 min,  p < 0.01 at  90 rain. Twice the  
h igher  dose of 2-DG (5 rag) admin i s t e r ed  i.p. had  no 
effect  on BG. Equa l ly  ineffect ive was the  IVT admin i -  
s t ra t ion  of hype r ton ic  saline (2.4% - 20 ~1), t he  osmola r i ty  
of which  was equal  to t h a t  of the  h igher  dose of 2-DG. 

P l a s m a  insul in .  In  an e x p e r i m e n t  s imilar  to the  one 
prev ious ly  described,  the  effect  of the  IVT in jec t ion  of 
2-DG (2 mg) on BG and  p lasma  R I A - I  was s tud ied  (data  
no t  presented) .  Despi te  the  mark ed  hype rg lycemia  
(mean BG rise in 2-DG t r ea t ed  ra ts  grea te r  t h a n  30 m g /  
100 ml a t  each t ime  period),  the re  was no increase in 
p lasma  insulin levels a t a n y  t ime.  Twice th is  dose of 2-DG 
(4 rag), g iven i.p., was  w i t h o u t  effect  on e i ther  BG or 
p l a sma  insulin.  Thus, i t  appears  t h a t  the  cent ra l  mechan i sm 
responsible  for 2-DG hype rg lycemia  is associa ted wi th  an 
inh ib i t ion  of the  I response.  

Food intake. The presence  of g lucoreceptors  in t he  ven-  
t romed ia l  h y p o t h a l a m u s  and ex t roven t romed iMly  has 
been es tab l i shed  and the i r  con t r ibu t ion  to  food in take  
regula t ion r epea t ed ly  emphas ized  10,11. The glucoreceptors  
would sense change  in glucose ut i l iza t ion and  would 
act  to  signal the  in i t ia t ion  or t e rmina t i on  of feeding. To 
de t e rmine  the  func t ion  of t he  h y p o t h a l a m i c  glucorecep- 
tors  in feeding behaviour ,  2-DG was given IVT and i ts  
effect  on food in take  was s tudied.  As shown in F igure  2 
(upper panel) cent ra l  2-DG s igni f icant ly  increased food 
in take  dur ing  the  f irs t  2 h af ter  t he  in ject ion.  The to ta l  
a m o u n t  of food inges ted  in the  6-h per iod  of the  experi-  
men ta l  day  was  also s igni f icant ly  h igher  t h a n  the  to ta l  
basel ine intake.  Centra l  admin i s t r a t i on  of saline did no t  
s igni f icant ly  affect  food intake.  In  accordance  wi th  the  
p resen t  f indings,  a cent ra l  si te for the  hype rphag ic  
act ion of 2-DG has a l ready  been repor ted  1~, la. 

Body  temperature. There is ample  evidence  for mul t ip le  
factors  af fect ing feeding behav iour  14,15. BROSECK propos-  
ed a regula tory  m e c h a n i s m  based  upon  the  close re la t ion-  
ship be tween  BT and food intake.  According  to  th is  
' t h e rmo s t a t i c '  theory ,  an increase in BT will  s t imula te  t he  
sa t i e ty  cent re  and  inh ib i t  t he  feeding center .  A decrease 
in t e m p e a r a t u r e  will induce appos i te  changes  in ac t iv i ty  in 
these  areas. More recen t  s tudies  have  sugges ted  t h a t  t he  
in te rac t ion  be tween  food in take  and  BT m a y  no t  ref lect  a 
conscious apprec ia t ion  of per iphera l  t e m p e r a t u r e  bu t  a 
' cen t ra l  hea t ing '  of the  ceils in the  h y p o t h a l a m i c  p reop t ic  
area. W a r m i n g  th is  area increased feeding while reflex- 
ively decreas ing  core t e m p e r a t u r e  1~ Since we had  
previous ly  shown increased feeding to be a resul t  of 
cent ra l  ad mi n i s t r a t i o n  of 2-DG, i t  was felt  to  be of in te res t  
to see w h e t h e r  or no t  changes  in BT m i g h t  also be p resen t  
fol lowing cent ra l  g lucopr ivat ion .  

As shown in F igure  2 (lower panel),  cen t ra l  2 -DGinduced  
a s t r ik ing  decrease in  BT which  was m a x i m u m  at  60 rain 
and still  p resen t  af ter  90 rain. A d mi n i s t r a t i o n  of saline 
induced  only  a ve ry  s l ight  decline in BT at  90, 120 and  
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150 min .  B G  i n c r e m e n t s  fol lowing 2-DG showed reciprocal  
changes  to those  in  B T  ; however ,  B G  values  s ign i f i can t ly  
h igher  t h a n  in cont ro l s  were s t i l l  p r e s en t  a t  150 rain,  
w h e n  B T  va lues  h a d  r i sen  to  equa l  those  of controls .  Th i s  
cen t r a l l y -evoked  h y p o t h e r m i a  could be  suppressed  b y  
t he  c o n c o m i t a n t  cen t r a l  a d m i n i s t r a t i o n  of glucose 
(2-DG 2 rag/10 y.l-glucose 2 mg/10  ~zl). Glucose a lone  
(2 mg/10  ~1) was w i t h o u t  effect  on  e i the r  B G  or BT. 
Cent ra l  a d m i n i s t r a t i o n  of 2-DG (2.5 rag/20 ~xl) to  hypo-  
p h y s e c t o m i z e d  rats ,  1 m o n t h  fo l lowing h y p o p h y s e c t o m y ,  
i nduced  aIso a m a r k e d  increase  in B G  a n d  a s t r i k ing  
decrease  in BT,  wh ich  were st i l l  p r e s en t  120 ra in  a f te r  t he  
in j ec t ion  (da ta  n o t  p resen ted) .  Thus ,  release of one or more  
an t i - i n su l in  fac to rs  b y  t he  an t e r i o r  p i t u i t a r y  does no t  
seem to  p l a y  a p a r t  in  t he  hype rg lycemic  response  pro- 
duced  b y  cen t r a l  glucopenia ,  as p rev ious ly  suggested  ~ 

I n h i b i t i o n  of glucose m e t a b o l i s m  b y  cen t r a l  adm i n i s t r a -  
t i on  of 2-DG induces  effects, i.e. hype rg lycemia ,  i n h i b i t i o n  
of insu l in  secret ion,  h y p e r p h a g i a  a n d  h y p o t h e r m i a ,  w h i c h  
c a n n o t  be  exp la ined  b y  a b s o r p t i o n  of t h e  s u b s t a n c e  in to  
t h e  sys temic  c i rcula t ion.  I n  t he  p r e s en t  e x p e r i m e n t s  since 
2-DG was in j ec t ed  in to  t h e  l a t e ra l  vent r ic le ,  i t  could h a v e  
ac ted  a l m o s t  a n y w h e r e  in  t h e  b r a i n  a d j a c e n t  to  t he  ven-  
t r i cu la r  s y s t e m  to  p roduce  i t s  ac t ion.  However ,  electro-  
phys io logica l  s tud ies  h a v e  i nd i ca t ed  t h a t  neu r ons  respon-  
esive to  2-DG reside b o t h  ill t h e  ven t ro rned i a l  a n d  t he  
v e n t r o l a t e r a l  nucle i  ~. I n  add i t i on  i t  h a s  been  r epo r t ed  
t h a t  t h e  effect ive  locus for 2-DG s t imu~at i0n  of gas t r ic  
acid secre t ion  1~, g r o w t h  h o r m o n e  e0 a n d  food i n t a k e  ~ is in  
t he  v e n t r o l a t e r a l  h y p o t h a l a m u s .  I t  c a n n o t  be  exc luded  a 
p r io r i  t h a t  2-DG is ac t ive  a t  more  t h a n  one CNS locus;  to  
solve t h i s  p r o b l e m  i t  will  be  necessa ry  to in j ec t  t h e  d rug  
d i r e c t l y  in to  t h e  specific b r a i n  loci a n d / o r  p roduce  
se lect ive  de s t ruc t i on  of such  loci. The  d i f fe rent  phys io log-  
ical effects r esu l t ing  f rom cen t r a l  g lucopr iva t ion  p r o b a b l y  
ref lect  t h e  b e h a v i o u r a l  a n d  ref lexual  effor t  to  sa t i s fy  t h e  

b locked  'g lucopr iv ic '  receptors .  Th i s  te leologic  scheme  can  
exp la in  t he  h y p e r g l y c e m i a  u n a c c o m p a n i e d  b y  inc reased  
insu l in  secre t ion  a n d  t he  feeding behav iou r .  The  hypo-  
t h e r m i c  effect, on  t h e  o the r  h a n d ,  m i g h t  be  i n t e r p r e t e d  in  
t e r m  of BROB~CK'S t h e r m o r e g u l a t o r y  t h e o r y  in  r e l a t i on  to  
feeding e~. However ,  before  d r awing  a n y  f u r t h e r  conc lus ion  
f rom these  resu l t s  t h e  ques t ion  m u s t  be answered  as to  
w h e t h e r  t h e  d i f fe ren t  effects  el ic i ted b y  g lucopr iva t ion  are 
i n d e p e n d e n t  func t ions  of t h e  g lucosens i t ive  a rea  of t h e  
b r a i n  or w h e t h e r  t h e y  are closely in te r re l a t ed .  

Riassunto. I1 2-desossi-D-glucosio s o m m i n i s t r a t o  nel  
ven t r i co lo  la te ra le  del cervello del r a t t o  p r o v o c a  iperglice- 
mia ,  in ib iz ione  del ia  secrezione di  insu l ins ,  iper fagia  ed  
i p o t e r m i a  a dosi  che sono ineff icaci  pe r  v ia  s is temica .  
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Phenylethanolamine-N-Methyl  Transferase Activity in the Ground Squirrel (Citellus citeltus) 
There  are m a n y  d a t a  on t he  seasonal  changes  in t he  

ad rena l  ca t echo lamines  c o n t e n t  in  h i b e r n a t o r s  e x a m i n e d  
in n o r m o t h e r m i c  s ta te ,  as well  as in  h i b e r n a t i o n  (see 
IgAysm~l). There  is some ev idence  t h a t  in  a u t u m n ,  
before  t he  h i b e r n a t i o n ,  in  n o r m o t h e r m i c  animals ,  a n  
a c c u m u l a t i o n  of c a t echo l amines  in  adrena l s  occurs. 
ALLARA ~ found  t h a t  t h e  ad rena l  medu l l a  of t h e  ac t ive  
hedgehog,  e x a m i n e d  in t he  midd le  of October ,  is par t icu l -  
a r ly  r ich  ill adrena l ine .  I~AYSER and  AltON a obese rved  
t h a t  t he  a m o u n t  of ad rena l ine  in n o r m o t h e r m i c  h a m s t e r  
depends  on  t h e  e n v i r o n m e n t a l  t e m p e r a t u r e  a t  w h i c h  
an imal s  are kept .  Th e  h ighes t  level  of th i s  a m i n e  was 
found  in an ima l s  k e p t  in  s u m m e r  a t  27 ~ The  a m o u n t  of 
ad r ena l  ca t echo lamines  in  t he  n o r m o t h e r m i c  g round  
squi r re l  k e p t  in  t he  cold, is s ign i f ican t ly  h ighe r  in a u t u m n ,  
in  t h e  per iod  pr io r  to  h i b e r n a t i o n ,  t h a n  in  s u m m e r  
(PETROVld a n d  DAVIDOVld4,~). Th i s  a c c u m u l a t i o n  of 
c a t echo l amines  in  adrena l s  of t he  ac t ive  g round  squir re l  
in  a u t u m n  m i g h t  be  t he  consequence  of t he  h igher  r a t e  of 
syn thes i s  of these  amines ,  or of i t s  decreas ing  secret ion.  I n  
order  to  c o n t r i b u t e  to  t h e  so lu t ion  of t h i s  p rob lem,  we 
e x a m i n e d  in S e p t e m b e r - O c t o b e r  ad rena l  p h e n y l e t h a -  
n o l a m i n e - N - m e t h y l  t r ans fe r a se  ac t i v i t y  in  t h e  normo-  
t h e r m i c  g r o u n d  squi r re l  u n d e r  d i f fe ren t  e x p e r i m e n t a l  
condi t ions .  

Material and methods. Male g round  squirrels  weighing  
200-250 g were used for  expe r imen t .  An ima l s  were  
d iv ided  in to  3 groups,  each  cons is t ing  of 6 to  10 an imal s :  

1 group was ac t ive  a n d  k e p t  a t  20-25~ t h e  2nd was 
ac t ive  a n d  k e p t  in  a cold room a t  6 -8  ~ a n d  t he  3rd 
one was in h i b e r n a t i o n  some days  before  t he  expe r imen t .  
Before  sacrif icing,  h i b e r n a t i n g  an ima l s  were r e m o v e d  
f rom t h e  cold room and  p laced  a t  25~ for a b o u t  30 min .  
T h e y  were sacrif iced w h e n  r ec t a l  t e m p e r a t u r e  r eached  
36-37 ~ Af te r  kil l ing,  b o t h  adrena l s  were d issected  free 
of fat ,  weighed  and  homogen ized  in  10 m l  of chi l led isotonic  
p o t a s s i u m  chlor ide  solut ion.  The  h o m o g e n a t e  was cent r i -  
fuged for 30 m i n  a t  12000 g. A po r t i on  of t h e  s u p e r n a t a n t  
f luid was assayed  for P N M T  a c t i v i t y  b y  t h e  m e t h o d  of 
WURTMAN a n d  AXELkOD~, modi f ied  b y  Gl~IPOlS a n d  
PARV~Z 6. Th i s  m e t h o d  consis ts  of t he  i n c u b a t i o n  of 
adrena l s  e x t r a c t  w i t h  S-adenosy l  m e t h i o n i n e  1~C, in  t h e  
presence  of n o r m e t a n e p h r i n e ,  a n d  of t h e  m e a s u r e m e n t  of 
t h e  r a d i o a c t i v i t y  of ep inephr ine  fo rmed  in th i s  processus.  
I n c u b a t i o n  was pe r fo rmed  a t  37~ for 60 mill.  Resu l t s  
are  expressed  in  coun t s  pe r  ra in  pe r  pa i r  or pe r  m g  of 
t i ssue  and  p re sen t ed  in  t h e  Table.  
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