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The Distribution of Morphine Fol lowing 
Intracerebral Microinjection 

Recen t ly  the  h y p o t h e r m i c  effect  of morph ine  was 
s tudied  using the  t echn ique  of in t racerebra l  microinjec-  
t ion 1 The pr inciple  fac tor  l imit ing precise local izat ion of 
the  site of ac t ion  in these  s tudies  was the  ques t ion  of the  
spread  of t he  drug away  f rom the  in jec t ion  site. This  
p rob lem has  been  inves t iga ted  using C1Mabelled mor-  
phine.  

Method. Morphine  N-methy l -C  14 wi th  a specific ac t iv i ty  
of 3.5/~c/mg was conver ted  to  the  su lpha te  and  m a d e  up 
to  a final concen t r a t ion  of 50 #g/#l  in 0.9% NaC1. Injec-  
t ion  of 1 /~1 was  made  into the  an te r ior  h y p o t h a l a m u s  of 
the  ra t  using a s t e ro tax ic  i n s t r u m e n t  and a microl i ter  
syr inge wi th  a needle of 0.07 m m  O.D. m o u n t e d  in the  
electrode carrier.  

The animals  were killed wi th  pen tobarb i t a l ,  the  bra ins  
r emoved  and  blocks conta in ing  the  in jec t ion  si te sec- 
t ioned  at  100 # in terva ls  on a freezing microtome.  Alter-  
na te  sect ions were placed in coun t ing  vials and the  t issue 
diges ted  by  ag i ta t ion  wi th  0.5 ml of 0 .5N K O H  for 60 min 
a t  25~ 18 ml of 'L iqu i f luo r ' /me thy l  a lcohol / to luene 
scint i l la t ion mix tu re  were added  to the  vials and  the  
r ad ioac t iv i ty  was counted  on a Packa rd  Tri-Carb counter .  
A vial conta in ing  50 #g of morph ine  su lpha te  and a sec- 
t ion of brain  t issue was t r ea t ed  in the  same way  and  used 
as an in te rna l  s t a n d a r d  to check on the  pe r fo rmance  of 
the  counter .  The counts  were normal ized  in respec t  of 
th is  s t anda rd  for each exper iment .  

.Results. In jec t ions  were made  into 3 ra t s  i m m e d i a t e l y  
af ter  dea th  and  the  bra ins  sect ioned wi th in  a few minutes .  
The mean  ac t i v i t y  in these animals  is seen a t  the  top  of 
Figure 1. Af te r  correct ion for the  sect ions  discarded,  the  
to ta l  ac t iv i ty  in these  animals  a p p r o x i m a t e d  to  100% of 
the  counts  f rom the  s t anda rd  tube  ind ica t ing  t h a t  the  
losses in the  technique  are small  and t h a t  the  morph ine  
had  remained  at  the  site of injection.  I t  can be seen t h a t  
the  morph ine  has  spread  for app rox ima te ly  1 m m  from 
the  center  and  t h a t  over  90% of the  ac t iv i ty  is less t h a n  
th is  d is tance  f rom the  center .  In  a second group of ani- 
mals  in jec ted  p o s t - m o r t e m  the  brains were left  in situ for 
60 min or longer  before removal  and sectioning.  All of the  
r ad ioac t iv i ty  remained  a t  the in ject ion site and  the  profile 
of the  d i s t r ibu t ion  was indis t inguishable  f rom t h a t  in the  
bra ins  sect ioned immed ia t e ly  a f te r  inject ion,  ind ica t ing  
t h a t  diffusion away  f rom the  in jec t ion  site does no t  occur. 

24 animals  were sacrificed 10, 20, 40, or 60 min  af ter  
in t racerebra l  in ject ion;  the  d i s t r ibu t ion  of t he  radio-  
ac t iv i ty  in the  sect ions and the  n u m b e r  of an imals  in each 
group is seen in Figure 1. The spread  of ac t iv i ty  is vir-  
tua l ly  the  same a t  each t ime in terval  and  no t  s ignif icant ly  
d i f ferent  f rom t h a t  in animals  in jec ted  af ter  dea th ,  again 
indica t ing  t h a t  diffusion th rough  the  t issues does no t  
occur to any  measurab le  ex ten t .  A s t eady  decline in the  
to ta l  counts  occurs as the  drug is r emoved  in the  blood 
s t ream.  In  Figure  2 the  percen tage  ac t iv i ty  has  been  
p lo t t ed  (using the  counts  f rom the  p o s t - m o r t e m  group as 
100%) at  the  var ious  t ime in tervals  and,  assuming f irs t  
order  kinetics,  the  bes t  line f i t t ed  to the  points .  This  indi- 
cates a half-l ife following in t racerebra l  in jec t ion  of abou t  
20 rain. 

12 fur ther  ra t s  killed 2, 6, or 24 h af ter  in ject ion showed 
li t t le or no rad ioac t iv i ty  in the  sections.  

Discussion.  A volume of 1 #1 would be con ta ined  in a 
sphere  app rox ima te ly  0.6 m m  in radius  - close to  the  
d i s t r ibu t ion  seen in the  p resen t  s tudy.  Thus  i t  would ap- 
pear  t h a t  the  spread  of the  morph ine  following in t raeere-  
bral  in jec t ion  depends  on the  volume of the  inject ion.  

The drug  is rap id ly  r emo v ed  by  the  blood s t r e am fol- 
lowing in jec t ion  in to  the  brain.  I t  is l ikely t h a t  all of the  
receptors  w i th in  the  in jec t ion  si te are ini t ial ly occupied 
and  t h a t  the  excess molecules of morph ine  act  as a buffer  
p r even t ing  rap id  clearance of the  receptors .  Such a 
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Fig. i . Radioactive counts in alternate 100 ]~ sections following 
injection of 50/~g of C14-morphine into the anterior hypothalamus. 
The injections were made post-mortem (3 rats) and 10 rain (8 rats), 
20 inin (6 rats), 40 min (4 rats) and 60 min (6 rats) before sacrificing 
the animals. Vertical bars represent standard errors of the means. 
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Fig. 2. Total radioactivity in brain sections at various time intervals 
after intracerebral injection of 50/~g of Ct4-morphine. Counts from 
animals injected after death taken as 100%. Points represent means 

of number of aninlals noted in Figure 1. 

1 V. J. LOTTI, P. LOMAX, and R. GEORGE, J. Pharmacol. 150, 135 
(1965). 
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hypo thes i s  could accoun t  for the  much  higher  t issue con- 
cen t r a t i on  w h e n  in t race rebra l  is compared  wi th  sys temic  
admin is t ra t ion .  In  the  ra t  i t  was found t h a i  50 #g of 
morph ine  su lpha te  in jec ted  in to  the  t he rmoregu l a t o ry  
centers  gave a m e a n  h y p o t h e r m i c  response equiva len t  to 
25 mg/kg  in t r avenous ly  2. The concen t ra t ion  of morph ine  
in the  b ra in  of the  ra t  following in t ravenous  in ject ion of 
25 mg/kg  was 3.4 #g/g wet  weigh t  3. The blood concent ra-  
t ion  following sys temic  admin i s t r a t i on  is 3-4 t imes  grea ter  
t h a n  the  bra in  levels and  would t end  to  ma in t a in  the  con- 
cen t ra t ion  a t  the  receptors .  The ini t ial  ra te  of fall in t em-  
pera tu re  is the  same wi th  in t racerebra l  doses ranging f rom 
10-100 /~g bu t  the  degree of h y p o t h e r m i a  developing is 
dose dependen t ,  ind ica t ing  t h a t  the  dura t ion  of ac t ion is 
the  l imit ing factor  4. 

I t  is possible t h a t  t he  lack of free diffusion is due to  the  
phys ico-chemica l  p roper t ies  of the  bra in  t issue wi th  its 
closely packed  cellular e lements  and pauc i ty  of in ter-  
s t i t ia l  fluid space. No extracel lu lar  fluid space could be 
d e m o n s t r a t e d  in the  ra t  cor tex  using electron microscopy 5 
and i t  was  sugges ted  t h a t  t r a n s p o r t  in bra in  t issue is 
across as t rocyt ic  cells. P o s t - m o r t e m  swelling of the  bra in  
cells, however ,  m a y  account  in pa r t  for these appear -  
ances~. 

The t echn ique  of in t race rebra l  in iect ion of drugs  would  
seem to provide  a degree of localization comparab le  to the  
use of e lectrolyt ic  lesions or s t imula t ion  of the  bra inL 

Rdsumd. La d is t r ibu t ion  de la morph ine  radioact ive  
aprgs une  in jec t ion  intrac6r6brale  de ce t te  drogue a 6t6 
6tudi6e. Les r6sul tats  i nd iquen t  que la drogue ne se diffuse 
pas du site de l ' in ject ion h t r ave r s  le t issu c6r6bral. La  
morph ine  est  enlev6e par  le sang et  a u n e  p6riode de demi-  
vie dans  le cerveau d ' env i ron  20 min. 
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Inhibition of Phenoloxidase Catalysed 
Transformation of Tyrosine to Melanin by 

Hydroxyphenylcarboxylic Acids 

The significance of the  presence of the  enzyme phenol-  
oxidase as well as melan in  in cer ta in  regions of the  m a m -  
mal ian cent ra l  nervous  sys t em (CNS) is still unclear  1,2 
W h a t  has  been def in i te ly  es tabl ished is t h a t  disorders  of 
melanogenesis  are found  in cer ta in  neurological  disorders  
such as Park insons  disease and  ol igophrenia  phenyl -  
py ruv ica  ~,4. In  o l igophrenia  pheny lpyruv ica ,  an accumu-  
la t ion of pheny lca rboxy l ic  acids has been noted,  bu t  th is  
is still unsuccessful ly  corre la ted  wi th  the  pa thogenes i s  
of the  disease. In  the  p re sen t  paper ,  an inh ib i to ry  act ion 
of p - h y d r o x y p h e n y l p y r u v i c  and  3 ,4 -d ihydroxypheny l -  
pyruv ic  acid on tyros ine  ox ida t ion  to melanin  by  phenol-  
oxidase,  leading to accumula t ion  of in t e rmed ia te  me t ab o :  
li tes wi th  po ten t i a l  toxic  act ion on the  nerve  cells, will be  
described.  

Materials and methods. Due to  difficult ies in ob ta in ing  
phenoloxidase  f rom bra in  in sufficient  quant i t ies ,  we used 
a p repa ra t ion  der ived f rom the  insect  Calliphora erythro- 
"cep hala 5. 

10 Call iphora larvae were homogenized  in 10 ml of 
0 .25M sucrose con ta in ing  1% dehydroascorb ic  acid ad-  
jus ted  to  p H  7. The h o m o g e n a t e  was centr i fuged 10 rain 

1 C. V. WENDE and M. T. SPOERLEIN, Life Sci. 6, 386 (1953). 
2 G. C. COTZlAS, P. S. PAPAVASILIOU, M. H. VAN WOERT, and A. 

SAKAraOTO, Fedn. Proc. Socs exp. Biol. 23, 713 (1964). 
3 j.  W. HEATH, Archs Neurol. Psychiat. 58, 484 (1947). 
4 j .A .N .  CORSELLIS, J. Neurol. Neurosurg. Psychiat. 76, 139 (1953). 

- J. H. FELLMANN, J. Neurol. Neurosurg. Psychiat. 21, 58 (1958). 
5 C. I~. SEKERIS and D. MERGENHAGEN, Science 145, 68 (1964). 

a t  1200 g and the  s u p e r n a t a n t  thus  ob ta ined  10 min a t  
7000 g. The sed imen t  was suspended  in 0 .25M sucrose and  
cent r i fuged once more for 10 rain a t  7000 g. The sed iment  
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Oxidation of tyrosine by phenoloxidase. (a) without inhibitor; (b) in 
the presence of 5.5 �9 i0 -s p-hydroxyphenylpyruvic acid; (c) in the 
presence of 5.5 �9 10 -8 3,4-dihydroxypheny]pyruvic acid. Incubation 
time: i0 rain at 37 ~ Paper chromatogTams of the incubation mix- 

tures in butanol/n-HCl. 


