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N o r e p i n e p h r i n e  and D o p a m i n e  C o n c e n t r a t i o n s  in 
M o n k e y s  and Other  M a m m a l s  

Recent ly ,  THIERRY et  al. 1 have  shown t h a t  cort ical  
dopam ine  (DA) in the  r a t  cor tex  does no t  decrease a f te r  
e lec t ro ly t ic  or chemical  ( induced by  6-OH-dopamine)  
lesions of the  ascend ing  noradrenerg ic  p a t h w a y s ;  these  
lesions, on the  o ther  hand ,  cause a marked  decrease in 
cor t ical  no rep inephr ine  (NE) con ten t .  These au thors  
suggest  t h a t  mos t  cort ical  DA is no t  localized in nor- 
adrenerg ic  ne rve  te rmina ls ,  b u t  in dopaminerg ic  neurones ,  
where  it ac ts  as a neu ro t r ansmi t t e r .  

We  have  prev ious ly  reached  s imilar  conclusions ~ 
by  observ ing  tha t ,  in d i f fe ren t  b ra in  areas outs ide  the  
n igro-s t r ia ta l  p a t h w a y ,  DA can be dep le ted  by  reserpine,  
and  has a syn thes i s  ra te  h igher  t h a n  t h a t  of N E  in the  
same areas.  

In  order  to  clarify w h e t h e r  t he  resul ts  ob ta ined  in ra t s  
m i g h t  have  a general  significance,  we have  compared  
the  concen t r a t ion  of N E  to t h a t  of DA in the  cor tex  of 
d i f fe rent  an imat  species, including man.  The resul ts  show 
t h a t  the  concen t ra t ion  of DA is equal  to  or h igher  t h a n  
t h a t  of NE,  and suppor t  the  hypo thes i s  t h a t  the  p r i m a r y  
role of DA in the  cor tex  is no t  as a precursor  for NE,  bu t  
as a n e u r o t r a n s m i t t e r .  

Mater ia ls  and methods. H u m a n  cort ical  spec imens  were 
ob ta ined  b iopt ica l ly  f rom 7 male  pa t i en t s  aged f rom 9 to  
61 years ;  4 ope ra t ed  on for b ra in  injury,  and 3 for bra in  
t u m o r s  (2 gliomas,  1 meningioma) .  The bra in  of a 25- 
year-old  man,  kil led in a car accident ,  was also r emo v ed  
in the  au topsy  room 12 h af ter  death .  

Animals  used  were:  Wis t a r  ra ts ,  weighing 250-280 g, 
cats  weighing 3.5-4.0 kg and  2 Rhesus  monkeys  weighing 
3.4 and  4.5 kg; all male.  Ra t s  were killed by  guil lot ine;  
ca ts  and  monkeys  were decap i t a t ed  under  pen toba rb i t a l  
anesthesia .  The b ra in  t issues were  immed ia t e ly  dissected 
a t  4~ frozen in d ry  ice and  s tored  a t  - -60~  un t i l  
analyzed.  DA and  N E  were measured  according  to  the  
m e t h o d  of LAVERTY and  TAYLOR a. 

Results.  Table  I shows t h a t  ca techotamines  are p resen t  
in t he  cerebral  cor tex  of all an imal  species examined .  
Whi le  in ra t s  the  concen t ra t ion  of DA is roughly  equal  to 
t h a t  of NE,  in t he  o ther  species DA concen t ra t ion  is 
h igher  t h a n  t h a t  of NE.  In  the  h u m a n  cortex,  the  con- 
cen t ra t ions  of DA and, in par t icular ,  N E  are m u c h  lower 
t h a n  in the  o ther  species examined ,  including the  monkey.  

the  Cerebral  Cortex  of Man,  

In  t he  last  2 biopsies  r epor ted  in Table  I, the  con- 
cen t ra t ion  of N E  was below the  sens i t iv i ty  of the  assay 
me thod ,  and  t h a t  of DA was the  lowest  amo n g s t  the  sam-  
ples analyzed.  This  f ind ing  m i g h t  depend  on  the  presence  
in these  subjec ts  of a b ra in  t u m o r  which  m i g h t  have  
caused neuronal  degenera t ion .  

In  the  h u m a n  bra in  r emoved  autopt ica l ly ,  the  con- 
cen t ra t ion  of N E  and  DA did no t  differ  s ignif icant ly  in 
d i f ferent  cort ical  areas, and fu r thermore ,  the  absolu te  
values were no t  lower t h a n  those  p resen t  in cort ical  
specimens  ob ta ined  bioptical ly.  

As Table  I I  shows, t he  admin i s t r a t i on  of reserpine  
p roduced  a ma rk ed  deple t ion  in N E  and DA co n t en t  in 
the  r a t  cortex.  These  resul ts  conf i rm our previous  f ind ing  
t h a t  cort ical  DA is con ta ined  in reserpine-sens i t ive  
s torage si tes 2. 

Conclusion. The presence  of DA in the  cor tex  in 
concen t ra t ions  equal  to or h igher  t h a n  t h a t  of N E  
suggests  t h a t  DA in th is  area is no t  only the  precursor  of 
NE,  bu t  acts  as a neu ro t r ansmi t t e r .  This hypo thes i s  is 
suppor t ed  by  the  f indings  of THIERRu et  a l . a  TAGLIA- 
~ONTE and  GESSA 2 and  by  the  p resen t  resul ts  showing 
t h a t  cort ical  DA is con ta ined  in reserpine-sens i t ive  
s torage sites, i n  fac t  COSTA et  al. have  shown t h a t  the  
f rac t ion  of DA which  acts as precursor  of N E  is res i s tan t  
to the  reserpine  act ion 4 

The physiological  significance of cort ical  DA is no t  
clear a t  present ,  however  t he  presence  of DA in the  
cor tex  in d i f fe rent  species should be t aken  in to  considera-  
t ion  when  consider ing the  role of th is  amine  in the  psycho-  
s t imu lan t  effect  of amphe t amines ,  in t he  an t ipsycho t i c  
effect  of neurolept ics ,  in t he  pa thogenes i s  o f  depress ion 
or m a n i a  and, in general,  in t he  modu la t ion  of mood,  
a t t en t ion ,  aggressivi ty ,  m o t i v a t i o n  and  m a n y  o the r  

1 A. M. TItlERRY, L. STINUS, G. BLANC and J. GLOWlNSKI, Brain 
Res. 50, 230 (1973). 
A. TAGLIAIViONTE and G. L. GESSA, 5th Int. Congress on Pharma- 
cology, S. Francisco 1972, Abstract No. 1366, p. 228. 

a R. LAVERTY and R. M. TAYLOR, Analyt. Biochem. 22, 269 (1968). 
4 F. CATTABENI, S. H. KOSLOW and E. COSTA, Pharmacologist 13, 

203 (1971), Abstract. 

Table I. DA and NE content in the cerebral cortex of different animal species 

Species (No. of subjects) DA ([xglg) NE ([xg/g) Observations 

Rat (6) 0.48 4- 0.03 0.40 t 0.02 
Cat (6) 0.45 4- 0.04 0.21 • 0.03 
Rhesus monkey (2) 0.41 4- 0.05 0.29 4- 0.02 
Man (8) 0.19 0.04 

0.16 0.04 
0.12 0.05 
0.08 0.03 
0.07 0.01 

-~ 0.01 ~ 0.01 
0.01 < 0.01 
0.18 0.05 

Biopsy-parietal, brain injury 
Biopsy-temporal, brain injury 
Biopsy-front al, brain injury 
Biopsy-frontal, brain injury 
Biopsy-glyoma fronto-parietal 
Biopsy-glyoma temporal 
Biopsy-meningioma parietal 
Autopsy-pool from different cortical areas 

For each analysis in the rat, the whole cortices from 3 animals were pooled. Since the experiments showed no significant differences in the 
eatecholamine values of different cortical areas, these values were pooled averaged. 
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Table II. Effect of Reserpine on DA and NE content in the rat cortex 

Treatment (rng/kg i,p.) R~t cortex 
DA ([zg/g) NE (~xg/g) 

None 0.44 -4- 0.03 0,38 =~ 0.06 

Reserpine 5 0.25 ~= 0.01 ~ 0.08 -- 0.08 a 

Each value is the average 4- S.E. of at least 15 determinations. 
Reserpine was given 2 h prior to sacrifice. ~ P < 0.01 in respect to 
control values. 

a spe c t s  of b e h a v i o r .  On  t h e  o t h e r  h a n d ,  t h e  f i nd ing  t h a t  
t h e  h u m a n  c o r t e x  h a s  t h e  l owe s t  c a t e c h o l a m i n e  concen-  
t r a t i o n  a m o n g s t  t h e  species  ana lyzed ,  s h o u l d  be  k e p t  in 
m i n d  w h e n  cons ide r ing  t h e  role of t he se  a m i n e s  in m e m o r y  
a n d  in t e l l ec tua l  f u n c t i o n s  5,6. 

Riassunto. Nel la  cor tecc ia  di  u o m o  la d o p a m i n a  (DA) 
p r e s e n t e  in c o n c e n t r a z i o n i  q u a t t r o  vo l t e  m a g g i o r i  della 
n o r a d r e n a l i n a  (NA).  Nel la  s c i m m i a ,  nel  g a t t o  e nel  r a t t o  
il r a p p o r t o  D A / N A  g r i s p e t t i v a m e n t e  di  1.5:1, 2:1 e 1:1. 
Nel  r a t t o  la D A  cor t ica le  ~ d e p l e t a t a  da l la  r e se rp ina .  
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Radiometr i c  Es t imat ion  of the A m o u n t  of Solid Gastrointest inal  Contents  

I n  s t u d i e s  on  b o d y  c o m p o s i t i o n  in v ivo ,  u n k n o w n  a n d  
v a r y i n g  a m o u n t s  of g a s t r o i n t e s t i n a l  (GI) c o n t e n t s  
p r e s e n t  a m a i n  source  of s y t e m a t i c  er rors ,  espec ia l ly  w h e n  
large r u m i n a n t s  are u s e d L  There fore ,  i t  h a s  b e e n  in- 
v e s t i g a t e d  w h e t h e r  t h e  v o l u m e  of G I  t r a c t  c o n t e n t s ,  i.e. 
d r y  m a t t e r  a n d  f r e sh  m i n u s  d r y  m a t t e r  (water)  of t h e  sol id 
or  l iqu id  phase ,  can  be  e s t i m a t e d  b y  d i l u t i on  t e c h n i q u e s  
e m p l o y i n g  r a d i o a c t i v e  m a r k e r s .  

F o r  t h e  e x p e r i m e n t s ,  78-week-old  bu l l s  were  used .  As 
m a r k e r  of t h e  sol id p h a s e  15a E u  w a s  e m p l o y e d  since t h i s  
r ad ionuc l i de  ind ica t ed  no  m e a s u r a b l e  r a d i o a c t i v i t y  in t h e  
s n p e r n a t a n t  of  t h e  r u m i n a l  c o n t e n t s  a f t e r  c e n t r i f u g a t i o n  
( 3 0 , 0 0 0 •  I0  m i n )  a n d  a b o u t  100% r e c o v e r y  in t h e  

feces ~. T h e  l iqu id  p h a s e  w a s  m a r k e d  b y  14C-PEG. I n a c t i v e  
p o l y e t h y l e n e  glycol  4000 (PEG)  as ca r r i e r  s im i l a r  in 
a m o u n t s  to  t h o s e  in t u r b i d i t y  m e a s u r e m e n t s 3  w a s  added  
to  t h e  r a d i o a c t i v e  t r a c e r  b e c a u s e P E G  in  low c o n c e n t r a -  
t i ons  t e n d e d  to  be a d s o r b e d  to  i n t e s t i n a l  c o n t e n t s  4 T h e  

1 A. PFAU and M. A. I. SALEM, lsotope Studies on the Physiology o/ 
Domestic Animals (IAEA, Vienna 1972), p. 21. 

2 A. PFAU and F. A. ABADIR, Proe. Eur. Soc. Nuel. Meth. Agr. 
(1972), p. 56. 
S. HYDs Kungl. Lantbr.H6gsk. Annl. 27, 51 (1961). 

4 A. PFAU and F. A. ABADIR, tO be published. 

Radiometric (in vivo) and gravimetric (post mortem) estimations of gastrointestinal contents (dry matter, DM) in twelve 78-week-old bulls 

Weight of DM intake l~Eu measurements Dry matter contents (kg) 
bulls per unit 
(kg) timeb Delay Turnover Concert- Rumen GI tract Intestine 

(kg/h) time rate kf tration. Co 
(h) (h -1) at t = 0 post in vivo post in vivo post in vivo 

ppm mortem mortem mortem 

g DM ] 

456 ~ 0.264 10 0.0466 3635 ~ 5.48 5.92 7.95 8.94 1.29 0.28 �9 
405 0.126 10 0.0390 2316 3.02 3.23 3.90 4.48 0.44 0.43 
526 0.333 6 0.0484 1099 6.42 6.88 8.59 8.88 0.93 0.91 
420 0.275 11 0.0428 1223 6.86 6.43 8.85 9.45 0.92 0.82 
463 0.300 7 0.0484 1193 5.73 6:20 7.40 8.29 0.82 0.84 
483 0.303 5 0.0582 1477 5.13 5.21 6.36 6.72 0.84 0.68 
555 0.361 6 0.0614 1361 5.88 5.88 8.19 8.06 0.99 0.74 
550 0.351 6 0.0598 1309 8.00 5.87 9.55 7.98 0.83 0.76 
450 0.305 6 0.0501 1393 5.80 6.09 8.13 7.92 0.86 0.72 
505 0.318 6 0.0627 1708 5.56 5.07 7.03 6.97 0.89 0.59 
524 0.347 10 0.0777 1956 5.90 4.99 7.99 7.94 1.12 0.51 
538 0.326 9 0.0550 1187 6.46 5.93 8.39 8.86 1.05 0.84 

�9 ~ Reduced feed intake and diarrhea from 28 to 53 h post dosing, b Average totals for 6 days. 


