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t h a t  the  k idney  is a site of fo rmat ion  of these  metabol i tes .  
Quest ions as to  whe the r  t he  osmotic  diuresis resul t ing 
f rom furosemide influences tubu la r  t r a n s p o r t  of ch loram-  
phenicol  metabo l i t es  by  means  of decreased wa te r  re- 
absorpt ion ,  or w he the r  Na ion has  a specific effect,  will 
require  fu r the r  s tudy.  

Summary. Simul taneous  admin i s t r a t ion  of chloram-  
phenicol  and  furosemide (10 mg i.v.) decreased u r ina ry  
excret ion of ch loramphenico l  bu t  increased the  excre t ion  

of its metabol i tes  as aryl  amines  and  to ta l  ni t ro  com-  
pounds.  These la t t e r  increases were d i rec t ly  re la ted  to  
Na excret ion:  
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Dependence on Age of Methamphetamine-Produced Changes in Thermoregulation and Metabolism 

I t  has  been repor ted  t h a t  the  cent ra l  s t imula t ion  
which  is one of the  mos t  p r o m i n e n t  effects of a m p h e t -  
amines,  d iminishes  w i th  age t-3. The presen t  expe r imen t s  
were pe r fo rmed  in order  to inves t iga te  whe the r  th is  loss 
of effect iveness  applies also to o ther  act ions  of t he  
amphe tamines ,  i.e. the  effect  of m e t h a m p h e t a m i n e  on 
overal l  me tabo l i sm and thermoregula t ion .  

Methods. Female  N M R I  mice aged 4-6 weeks (juvenile 
mice) or 20 m o n t h s  (old mice) were used. They  were kep t  
a t  25~ room t e m p e r a t u r e  and fed ad l ib i tum wi th  
s t a n d a r d  diet  (Heri lan*)  before and dur ing  the  experi-  
ments .  M e t h a m p h e t a m i n e  (3 ~g/g) was given s.c. imme-  
d ia te ly  before the  beginning of the  exper iments .  Controls  
were t r e a t ed  wi th  the  same volume of saline. The animals  
were t h e n  placed singly into glass jars  w i thou t  bedding.  
Oxygen  consumpt ion  was regis tered con t inuous ly  by  
means  of small  spirometers ,  and the  rectal  t e m p e r a t u r e  
was measured  a t  the  end of the  expe r imen t s  as descr ibed 
earl ier< In  ano the r  group of animals,  1 and  2 h af ter  t h e  
drug  admin i s t r a t ion  blood glucose (according to HUGGETT 
and  NlXON 5), p l a sma  non-ester i f ied f a t t y  acids (according 
to  DUNCOMBE 6) and  liver glycogen (according to  ESTLER 
and  MITZNEGG ~) were de termined.  For  th is  purpose  the  
animals  were decapi ta ted ,  l iver samples  were excised 
rap id ly  and  frozen in l iquid air wi th in  10 sec. Blood was 
also collected f rom decap i t a t ed  animals.  

Results and discussion. As shown in the  Table,  juveni le  
mice reac t  to  m e t h a m p h e t a m i n e  wi th  an increase of 
the i r  oxygen  consumpt ion  b y  a lmost  50 %.  At  the  same 
t ime  the i r  b o d y  t e m p e r a t u r e  rises s ignif icant ly  by  

1.0 i 0.3~ over  t h a t  of t he  control  animals.  These  
changes  in overall  me tabo l i sm are accompanied  by  a 
decrease of the  glycogen co n t en t  of the  liver by  ca. 60 % 
and a marked  increase of t he  p lasma non-es ter i f ied  f a t t y  
acids. The blood glucose level remains  near ly  unchanged .  

In  contras t ,  in old animals  l iver  glycogen declines 
only by  13 % while the  blood glucose level drops by  31 
mg/100 ml. P lasma  non-es ter i f ied  f a t t y  acids increase 
even  more  than  in the  juvenile  mice. For  reasons dis- 
cussed earlier 8, the  oxygen  consumpt ion  of old mice is 
lower t h a n  t h a t  of young  animals,  and  it is only  insig- 
n i f icant ly  raised by  m e t h a m p h e t a m i n e  (Table). The recta l  
t e m p e r a t u r e  of old mice t r e a t ed  wi th  m e t h a m p h e t a m i n e  
does no t  increase b u t  falls s ignif icant ly  by  1.7 ~c 0.5~ 

These resul ts  suggest  t h a t  juvenile mice t r ea t ed  wi th  
m e t h a m p h e t a m i n e  can easily mobilize the i r  c a rbohydra t e  
and  lipid reserves and  thus  provide  sufficient  energy  for 
the rmogenes i s  and  moto r  act ivi ty ,  which  is increased 
cons iderab ly  under  these  experimens conditions% It 

is well known t h a t  in old animals  the  response of m a n y  
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Effect of methamphetamine (3 lxg/g s.c.) on various metabolic parameters of old and juvenile mice 

Juvenile mice Old mice 

Ist hour 2nd hour ist hour 2nd hour 

Oxygen consumption (Nml/g body weight/h) 
Controls (saline) 4.76 • 0.29 (12) 
Methamphetamiue 6.83 4- 0.73 ~ (13) 

Liver glycogen ([xmoles/g organ weight) 
Controls (untreated b) 
Methamphetamine 82 4- 9 �9 

Blood glucose (mg/100 ml) 
Controls (untreated) ~ 
Methamphetamine 135 4- 6 

Plasma non-esterified fatty acids (}xeqiv/ml) 
Controls (untreated) b 
Methamphetamine 

4.414- 0.31 (12) 2.64 ~= 0.20 (17) 2.43 • 0.19 (15) 
6.51 -4- 0.6].~ (14) 3.25 -4- 0.37 (23) 2.75 4- 0.19 (20) 

210 4- 8 (32) 206 4- 8 (32) 
(22) 111 4- 12 a (22) 168 =[_ 9 a (22) 172 • S a (21) 

133 ~: 3 (36} 134 ~_ 3 (36) 
(23) 137 • 5 (24) 107 • 7,, (23) 103 J_ 7, (23) 

0.49 4- 0.02 (36) 0.54 4- 0.03 (36) 
0.74 i 0.03 ~ (24) 0.71 4- 0.02 '~ (24) 0.93 4- 0.03 ~ (24) 0.87 -4- 0.02 ~ (24) 

Mean values i SEM are given, number of animals in parentheses. ~Difference to control value significant, p < 0.05. bUntreated animals 
were used as controls because earlier studies have shown that injection procedure does not affect the parameters at the times given. 
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metabo l i c  p a r a m e t e r s  to  s y m p a t h o m i m e t i c s  is d imin-  
ishedg-14. I n  accordance  w i t h  these  results ,  t h e  old mice 
were u n a b l e  to  mobi l ize  as m u c h  l iver  g lycogen as needed  
to m e e t  t h e  glucose d e m a n d  and  m a i n t a i n  t h e i r  b lood 
glucose level  w i th in  a n o r m a l  range.  I t  a p p e a r s  t h a t  n o t  
e n o u g h  s u b s t r a t e  can  be  m a d e  ava i l ab le  to  enab le  t h e  ani -  
ma l s  to  increase  t h e i r  t o t a l  me tabo l i sm.  This,  however ,  
m e a n s  t h a t  if more  ene rgy  is spen t  for t he  sti l l  consider-  
able  increase  of m o t o r  ac t i v i t y  p roduced  b y  m e t h a m p h e t -  
a m i n e  in old mice ~, ene rgy  e x p e n d i t u r e  ha s  to  be  cu t  
d o w n  elsewhere.  I t  seems t h a t  in th i s  special  case t h e r m o -  
genesis is r educed  a n d  no longer  com pens a t e s  for  h e a t  
loss. This  v iew is s u p p o r t e d  b y  t he  obs e r va t i on  t h a t  t he  
an ima l s  c a n n o t  m a i n t a i n  the i r  b o d y  t e m p e r a t u r e  w h e n  
t h e y  are k e p t  a t  an  a m b i e n t  t e m p e r a t u r e  (e.g.25~ 
which  is be low t h e i r  po in t  of t h e r m o n e u t r a l i t y ,  b u t  t h a t  
no  decl ine of b o d y  t e m p e r a t u r e  occurs  if t he  same  
e x p e r i m e n t  is car r ied  ou t  a t  a room t e m p e r a t u r e  of 
34 ~ a t  w h i c h  h e a t  loss becomes  v e r y  small .  

The  f ind ing  t h a t  in old mice p l a s m a  non-es ter i f ied  f a t t y  
acids rise even  h igher  t h a n  in juven i le  mice, seems to  be  
diff icul t  to  reconcile w i t h  our  hypo thes i s  a n d  w i t h  
r epo r t s  t h a t  t h e  l ipolyt ic  response  to  s y m p a t h o m i m e t i c s  
decreases  w i t h  age 9, ~ 1~. One e x p l a n a t i o n  for th i s  phe-  
nomenon ,  w h i c h  has  a para l le l  in  cold-s t ressed mice ~, 
m a y  be t h a t  p l a s m a  levels are on ly  t he  r e s u l t a n t  f rom 
t h e  ra tes  of l ipolysis a n d  u p t a k e  of f a t t y  acids b y  t he  
va r ious  o rgans  a n d  t h a t  t he  ox ida t i on  of f a t t y  acids in 
t he  ci tr ic acid cycle is d e p e n d e n t  on  the  s i m u l t a n e o u s  
d e g r a d a t i o n  of an  a d e q u a t e  a m o u n t  of c a r bohyd ra t e s ,  
wh ich  are r equ i red  to p rov ide  t he  oxa loace t a t e  necessa ry  
for t he  e n t r y  in to  t he  ci t r ic  acid cycle of t he  two ca rbon  

f r a g m e n t s  of f a t t y  acids 15. Therefore,  u t i l i za t ion  of 
f a t t y  acids is necessar i ly  also impeded  w h e n  c a r b o h y d r a t e s  
are lacking.  

Summary. In  c o n t r a s t  to  juven i l e  mice, old mice  
t r e a t e d  w i th  m e t h a m p h e t a m i n e  are unab le  to  a d e q u a t e l y  
mobi l ize  t h e i r  c a r b o h y d r a t e  reserves.  T h e y  c a n n o t  
increase  t h e i r  overa l l  m e t a b o l i s m  a n d  become  hypo-  
the rmic ,  whi le  juven i l e  mice r eac t  w i t h  increased  calori-  
genesis and  h y p e r t h e r m i a .  
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Chemotaxis  of Rabbit Macrophages in vitro: Inhibition by Drugs  

The  effect  of several  drugs  on t he  c h e m o t a c t i c  m i g r a t i o n  
of r a b b i t  g ranu locy te s  in v i t ro  has  been  r epo r t ed  in a 
p rev ious  p a p e r  1. The  p re sen t  work deals w i t h  t he  effect  
of 15 agen ts  on  the  c h e m o t a x i s  of r a b b i t  mac rophages .  

Materials and methods. C o m p o u n d s  were o b t a i n e d  f rom 
t h e  fol lowing sources:  hyd roeo r t i sone  succ ina te  as 
Solu-Cortef  f rom U p j o h n ;  d e x a m e t h a s o n e  and  pheny l -  
b u t a z o n e  f rom Ciba-Geigy;  i n d o m e t h a c i n ,  sod ium sal icy-  
l a te  and  iodoacet ic  acid f rom Merck;  n a p r o x e n  f rom Syn-  
t ex ;  v inc r i s t i ne  f rom Lil ly;  p h y t o h a e m a g g l u t i n i n  P f rom 
Difco;  c o n c a n a v a l i n  A f rom Calb iochem;  cy tocha l a s in  B 
(phomin)  f rom Sandoz ;  ch lo roqu ine  as Resoch in  f rom 
B a y e r ;  d i p o t a s s i u m  e t h y l e n e d i a m i n e t e t r a c e t a t e  (EDTA)  
f rom Fluka .  T h e  cy t o t ox i c i t y  of these  c o m p o u n d s  for 
r a b b i t  pe r i tonea l  m a c r o p h a g e s  as j udged  microscopica l ly  
b y  morpholog ica l  i n t e g r i t y  of t h e  cell is inc luded  in t h e  
Tab le ;  i t  m a y  also be  seen t h a t  all c o n c e n t r a t i o n s  t e s t ed  
(except  one) were below toxic  l imits.  

The  BOYDEN c h a m b e r  t e c h n i q u e  for t h e  in  v i t ro  
a s ses smen t  of c h e m o t a x i s  of m o n o n u c l e a r  cells was  
used  2,a Macrophages  were der ived  f rom t h e  pe r i t onea l  
exuda t e s  of r a b b i t s  in j ec ted  4 days  earl ier  w i t h  50 ml  of 
Nujo l  (P lough  Inc. ,  Memphi s /Tenn . ,  USA).  T he  ave rage  
compos i t ion  of these  exuda t e s  cons is ted  of a p p r o x i m a t e l y  
9 0 %  m a c r o p h a g e s  and  1 0 %  neu t roph i l s  and  inc luded  
a few smal l  l ymphocy tes .  The  cells were suspended  in 
modif ied  Gey ' s  so lu t ion  (10 m g  glucose/ml  a n d  2 %  
h u m a n  se rum a l b u m i n  (HSA;  Cen t ra l  L a b o r a t o r y ,  
Swiss Red  Cross, Berne))  and  s t a n d a r d i z e d  to  4 •  
cells per  chamber .  T h e y  were mixed  w i t h  t he  d rug  u n d e r  
s t u d y  i m m e d i a t e l y  before  be ing  t r an s f e r r ed  in to  t he  
u p p e r  c o m p a r t m e n t  of t he  BOYDEN chamber .  As t he  

i n c u b a t i o n  in the  c h a m b e r  las ted  5 h as c o m p a r e d  w i t h  
t he  2.5 h p rev ious ly  used for neu t rophi l s ,  p r e i n c u b a t i o n  
of mac rophages  w i t h  t he  s u b s t a n c e  was omi t t ed .  The  
lower c o m p a r t m e n t  c o n t a i n e d  a so lu t ion  of 1 %  casein 
(according to H a m m a r s t e n ,  o b t a i n e d  f rom Merck  AG, 
D a r m s t a d t ,  GI~R) in i sotonic  sal ine which  is a n  exce l len t  
c y t o t a x i n  for m a c r o p h a g e s  conce rn ing  p o t e n c y  a n d  
reproducib i l i ty .  E a c h  d rug  was t e s t ed  in t r ip l i ca te  
c h a m b e r s  and  in a t  l eas t  3 e x p e r i m e n t s  where  e x u d a t e s  
f rom d i f fe ren t  r a b b i t s  were used. Pos i t ive  a n d  nega t i ve  
cont ro l s  were inc luded  in all tests .  N o r m a l  pos i t ive  
c h e m o t a x i s  t owards  casein was d e t e r m i n e d  w i t h  cells to  
which  Gey ' s  so lu t ion  in s t ead  of d rug  was added.  Fo r  t he  
nega t ive  controls ,  casein was replaced b y  Gey ' s  so lu t ion  
c o n t a i n i n g  2 %  HSA.  T h e  l a t t e r  con t ro l s  were t r u l y  
nega t ive ,  as no or  occas ional ly  on ly  one or two  cells 
crossed t he  en t i re  t h i cknes s  of t he  filter. The  fol lowing 
p o i n t  should  be s t ressed :  on ly  mac rophages  h a v i n g  
r eached  t he  lower surface  of t he  m e m b r a n e  f i l ter  were 
counted .  The  same b a t c h  of mic ropore  f i l ters  (Sar to r ius  
M e m b r a n f i l t e r  G m b H ,  G6t t ingen ,  GFR)  w i t h  a pore  size 
of 12 a m  was used  t h r o u g h o u t  these  expe r imen t s .  
Macrophages  requi re  a large pore  size to  m ig ra t e  t h r o u g h  
a m e m b r a n e  f i l ter  a b o u t  140 ~zm t h i c k  a. The  p o l y c a r b o n a t e  
f i l ters  w i t h  a pore  size of 5 [zm (Nucleopore)  used b y  
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