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SELDEN, L. S. AND G. VOSMER. Formation of 6-hydroxydopamine in caudate nucleus of the rat brain after a single 
large dose ~f methylamphetamine. PHARMACOL B1OCHEM BEHAV 21(1) 2%31, 1984.--We now report that 
6-hydroxydopamine (0.39-+0.31 nanograms/mg of tissue at 2 hr) is formed in the rat caudate nucleus after a single injection 
of methylamphetamine (100 mg/kg). The same dose of methylamphetamine causes approximately 50% depletion of caudate 
dopamine 2 weeks after the injection. We suggest that the formation of 6-hydroxydopamine from endogenous dopamine is 
responsible for the neurotoxicity to dopamine terminals seen after methylamphetamine administration. 

6-Hydroxydopamine Methylamphetamine Neurotoxicity 

METHYLAMPHETAMINE (MA) when administered in 
large doses or for prolonged periods of time causes irrevers- 
ible depletion of dopamine in several brain areas in monkeys, 
rats, guinea pigs and mice [14, 19, 21]. The depletion of 
dopamine is caused by the loss of dopaminergic nerve termi- 
nals as evidenced by a decrease in tyrosine hydroxylase, a 
decrease in the high affinity reuptake capacity of dopamine 
terminals, and argyophyllic terminals in the caudate as de- 
termined by the method of Fink and Heimer [2] indicating 
that nerve terminals are degenerating [11,13]. Intraventricular 
injection of 6-hydroxydopamine (6-OHDA) also causes 
long-term depletion of dopamine and norepinephrine and is 
associated with a neuronal degenerative process [4, 9, 18]. 

We now report that 6-OHDA is formed in the rat caudate 
nucleus after a single large dose of MA which causes long- 
term damage to DA-containing cells in the rat caudate nu- 
cleus [11, 12, 19, 20]. We suggest that the formation of 
6-OHDA from endogenous DA is responsible for the 
neurotoxicity to DA terminals seen after methylam- 
phetamine administration. 

METHOD 

Male Sprague-Dawley rats (Harlem Sprague-Dawley, 
Terre Haute, IN) weighing about 200 grams were used in 
these studies. They were injected with either saline (con- 
trois) or d-methylamphetamine hydrochloride (obtained 
from the National Institute on Drug Abuse) at a dose of 100 
mg/kg (expressed as the salt and prepared at a concentration 

of 25 mg/ml) of body weight. Rats were sacrificed by decapi- 
tation at 0.5, 1.0, 2.0, 4.0, 8.0, 16.0 and 24.0 hours after the 
MA injection. Four rats were injected with methylam- 
phetamine (100 mg/kg) and four with 0.9% saline. These rats 
were killed two weeks later to confirm that a single injection 
of MA has neurotoxic effects. A group of twelve rats were 
injected intraventricularly with 150 /xg of 6-OHDA hydro- 
bromide (Sigma Chemical Co., St. Louis, MO) [8]. The b r a i n  
was removed from the skull and dissected over ice by the 
method of Heffner et al. [5]. The caudate nucleus was frozen 
in liquid nitrogen until assay. 

Caudate tissue was assayed using high performance re- 
verse phase liquid chromatography with electrochemical de- 
tection as described by Kotake et al. [7]. The stainless steel 
column (Alltech Assoc., Deerfield, IL) packed with C18HL 
resin (5 micron particle size) was eluted at a flow rate of I 
ml/min with an aqueous mobile phase containing: 125 mM 
citric acid, 125 mM sodium phosphate, 0.01% (w/v) ethylene 
diamine tetraacetic acid (EDTA) and octyl sodium sulfate (30 
mg/l). The pH of the mobile phase was adjusted to 2.5 with 
phosphoric acid (85%). One hundred microliter aliquots of 
standard or sample were applied to the column and detected 
amperometrically with the glassy carbon working electrode 
maintained at a potential of +0.8 V relative to the reference 
electrode. Samples were quantified using external standards 
and peak height ratios. The retention times of 6-OHDA, DA 
and dihydroxyphenylacetic acid (DOPAC) were 8 min, 13 
min and 20 min, respectively. The sensitivity for 6-OHDA 
was 1.0 ng/2.5 nA. 
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Treatment 

Saline 
N = 8  

100 mg/kg 
N = 8  

100 mg/kg 
N = 5  

100 mg/kg 
N = 6  

100 mg/kg 
N = 5  

100 mg/kg 
N = 6  

100 mg/kg 
N = 4  

100 mg/kg 
N = I 0  

T A B L E  1 

LEVELS OF 6-OHDA, DA AND DOPAC IN RATS TREATED WITH 
100 mg/kg METHYLAMPHETAMINE 

ng/mg tissue 

Time of Kill 6-OHDA DA DOPAC DOPAC/DA 

20 minutes/ 0 8.1 0.87 
10.6 

post injection 0 _+0.25 +0.09 

30 minutes/ 0.20 8.7 0.72 
10.2 post injection _+0.17 0.68 0.07 

1 hour/ 0.39 6.1 0.62 
8.3 post injection 0.31 0.60 0.07 

2 hour/ 0.24 6.4 0.44 
6.8 post injection 0.21 0.84 0.56 

4 hour/ 0 5.7 0.37 
6.4 post injection 0 0.65 0.08 

8 hour/ 0 6.9 0.33 
4.8 

post injection 0 0.54 0.04 

16 hour/ 0 6.3 0.78 
12.4 

post injection 0 2.6 0.25 

24 hour/ 0 4.1 0.77 
18.8 

post injection 0 1.2 0.29 

T A B L E  2 

6-OHDA MEASUREMENT AFTER IVT INJECTION 

ng/mg tissue 

Time of Sacrifice 6-OHDA DA DOPAC 

30 minutes 1.48 _+ 1.24 13.66 _+ 0.510 0.297 -+ 0.297 
(N =2) 

1 hour 1.04 _+ 0.819 15.41 _+ 0.791 0.167 + 0.113 
(N=5) 

2 hours 0.107 _+ 0.046 13.58 _+ 1.70 0.116 + 0.039 
(N=3) 

4 hours 0.079 _+ 0.033 15.09 _+ 1.15 0.315 _+ 0.268 
(N =2) 

Rats were pretreated with pargyline (50 mg/kg, IP) and DMI (25 mg/kg, IP) 40 
minutes prior to IVT injection of a total of 150 ~g 6-OHDA. 

RESULTS AND DISCUSSION 

Rats  in jec ted  wi th  100 mg/kg o f  MA fo rmed  6 - O H D A  in 
the  cauda t e  nuc leus  b e t w e e n  0.5 and  2.0 hr  a f te r  the  injec- 
t ion.  T h e r e  was no  6 - O H D A  found  in the  cont ro l  ra ts  (sal ine 
in jec ted  or  ra ts  tha t  were  killed 3 hours  a f te r  the  M A  injec- 
t ion.  D A  levels  were  dep le ted  a f te r  the  in jec t ion  and  D O P A C  
levels  were  r educed  (Table  1). The  6 - O H D A  tha t  was  fo rmed  
af te r  the  in jec t ion  was fo rmed  wi th in  two hour s  and  the re  
was  not  a def ini t ive  t ime cour se  to the  fo rma t ion  o f  the  
6 - O H D A ;  the  a m o u n t s  de t ec t ed  at  e ach  of  the  3 t ime  poin ts  
whe re  it was  o b s e r v e d  were  var iab le  as can  be seen  f rom the  
large s t anda rd  e r ro r  of  the  mean .  H o w e v e r ,  some 6 - O H D A  
was de t ec t ed  in eve ry  rat  sacr i f iced b e t w e e n  0.5 and  2 hr. 
D A  levels  were  r ed uced  due  to the  M A  e n g e n d e r e d  re lease  
of  DA,  and  D O P A C  levels  fell wi th  t ime due to the  fact  tha t  

in high doses ,  MA,  like a m p h e t a m i n e  (a pr inciple  me tabo l i t e ,  
is an e f fec t ive  m o n o a m i n e  ox idase  inhibi tor  [3,22]. Ra ts  
tha t  were  in jected with m e t h y l a m p h e t a m i n e  and  a l lowed to 
surv ive  two  weeks  showed  dep le t ion  of  cauda te  DA (sal ine 
t rea ted:  10.4± 1.18 n a n o g r a m s / m g  t issue;  m e t h a m p h e t a m i n e  
t rea ted:  5 .18±0.63  n a n o g r a m s / m g  t issue).  These  resu l t s  are 
c o n s i s t e n t  wi th  o the r  s tudies  us ing  slightly different  in jec t ion  
reg imens  [l  l ,  19, 21]. A sample  o f  m e t h y l a m p h e t a m i n e  (2.5 
mg/100/~l or  0.025 mg//~l, the same a m o u n t  used for  ra t  injec- 
t ion) was  ana lyzed  using the  p rocedu re  desc r ibed  a b o v e  to 
d e t e r m i n e  if  the  6 - O H D A  de tec t ed  in the  bra ins  of  an imals  
in jec ted  with 100 mg/kg of  MA was due to c o n t a m i n a t i o n  of  
the  MA;  no 6 - O H D A  was found  in the  m e t h y l a m p h e t a m i n e  
sample .  

In the  12 rats  in jec ted  in t r aven t r i cu la r ly  with 
6 - h y d r o x y d o p a m i n e ,  the 6 - O H D A  is de t ec t ab le  in the  cau-  
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date  nuc leus  f rom 0.5 to 4.0 hr  a f te r  the  IVT inject ion.  While  
the  levels  are h igher  t han  the  levels  in the  M A  in jec ted  rats  
(Table  2), they  are of  the  same o rde r  of  magn i tude  and  inter-  
est ingly,  the  levels  of  6 - O H D A  are as var iab le  a f te r  the  ad- 
min i s t r a t ion  of  m e t h y l a m p h e t a m i n e  (Table  2). F u r t h e r m o r e ,  
accord ing  to the  m e c h a n i s m  p roposed ,  the  6 - O H D A  is 
fo rmed  f rom D A  re leased  at the  synapse ,  and  the  local  con-  
cen t r a t i on  may  be  even  h igher  than  6 - O H D A  injected by  the  
i n t r aven t r i cu l a r  route  o f  admin i s t ra t ion .  

S e n o h  and  W i t k o p  [16] and  S e n o h  et al. [15] have  exper i -  
menta l ly  s h o w n  tha t  DA can  be  non-enzymat i ca l ly  con-  
ver ted  to t r i h y d r o x y p h e n e t h y l a m i n e s  a m o n g  wh ich  2,4,5- 
t r ihydroxyphene thy lamine  (i.e., 6 -hydroxydopamine)  is a pos-  
sible oxidat ive  metabol i te .  We  hypothes ize  tha t  the 100 mg/kg 
dose  of  M A  causes  mass ive  re lease  of  d o p a m i n e  f rom the  
cy top lasmic  b o u n d  pool  [10]. Since m o n o a m i n e  oxidase  is 
inhibi ted ,  the  re leased  D A  c a n n o t  be  as rapidly degraded .  
There fo re ,  u n d e r  cond i t ions  of  inc reased  re lease  accom-  
pan ied  by  inac t iva t ion  of  M A O  the  n o n - e n z y m a t i c  fo rmat ion  
of  the  t r i h y d r o x y p h e n e t h y l a m i n e s  is f avo red  and  6 - O H D A  is 
formed.  The  6 - O H D A  so fo rmed  is at  the  synapse  and  can  
act  like exogenous ly  admin i s t e r ed  6 -OHDA.  T he  6 - O H D A  is 

t aken  up into,  or  fo rmed  in the  DA cell and  causes  neura l  
damage .  The  fact  tha t  ex t e rna l  admin i s t r a t ion  o f  6 - O H D A  as 
well  as 6 - O H D A  fo rmed  f rom D A  are of  the  same  o rde r  of  
magn i tude  af te r  the  admin i s t r a t i on  of  M A  adds  fu r the r  
weight  to  the  a r g u m e n t  tha t  the  fo rmed  6 - O H D A  seen  af te r  
M A  admin i s t r a t ion  is r epons ib le  for  the  neuro tox ic i ty .  

P a r k i n s o n ' s  d i sease  as well  as o the r  d i seases  of  the  cen-  
tral  n e r v o u s  sys tem are be l ieved  to invo lve  a l t e red  D A  neu-  
ro t r ansmi t t e r  func t ion  [6], bu t  the  et iology of  the  
neuro tox ic i ty  is no t  well u n d e r s t o o d  [1]. The  idea tha t  
neuro tox ic i ty  or  a b n o r m a l  me tabo l i t e s  of  t r ansmi t t e r s  might  
be  respons ib le  for  dys func t ion  in the  cen t ra l  n e r v o u s  sys t em 
has  b e e n  p roposed  [17]. The  da ta  p r e sen t ed  in this  r epor t  is 
the  f irst  d e m o n s t r a t i o n  tha t  a toxic metabo l i t e  of  D A  is 
fo rmed  af te r  drug admin is t ra t ion .  
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