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The influence of 6-hydroxydopamine on mouse brain acetylcholinesterase and 

glutamic acid decarboxylase activity 

(Received 24 Juw 1974; ucceptrd 31 July 1974) 

Classical approaches to the study of function in the nervous 
system include biochemical inactivation and anatomical 
lesioning. The finding that 6-OHDA destroys catechola- 
mine containing neurones has therefore been the subject of 
many studies. In adult animals the catecholamine contain- 
ing nerve endings destroyed by 6-OHDA show no ten- 
dency for regeneration [I]. The intraventricular (iv.) 
administration of 6-OHDA is initially associated with 
various behavioural changes. yet within days it is difficult to 
distinguish the experimental animals from the controls [2]. It 
seems possible that the residual catecholamine containing 
neurones,orother neural systems,aretdkingover the function 
of the destroyed neurones. The possibility of an influence of 
6-OHDA on brain AChE (Acetyl-CoA: choline O-acetyl- 
transferase E.C.3.1.1.7.) and GAD (L-glutamate I-carboxy- 
lyase E.C.4.1.1.15) activity was examined since these 
enzymes are concentrated in nerve endings and play key 
roles in other putative transmitter systems. 

The iv. injection technique of Brittain and Handley [3] 
was used to inject 200 pg of 6-OHDA (Labkemi, Goteberg. 
Sweden), made up in O,l”, (w/v) ascorbic acid in 5 /iI. 

Abbreviations used: 6-OHDA (6-hydroxydopamine)? The i.v. injection of 6-OHDA 3 days prior to assay 
GAD (L-glutamic acid 1 -carboxylyase E.C.4.1_1_15), ChaC resulted in a statistically significant decrease in whole brain 
(Acetyl-CoA: choline O-acetyltransferase E.C.2.3.1.6), DA DA (P < O+Ol) and NA (P < 0001). although no signifi- 
(dopamine). NA (noradrenaline), 5-HT (5.hydroxytrypta- cant change in the level of 5-HT was produced (Table I). 
mine). This decrease in brain catecholamines was associated with 

Female mice of the LACiG strain, of approx. 25 g w t were 
used. The control animals received an equivalent volume of 
O.l”, ascorbic acid. All injections wcrc administered 3 days 
prior to biochemical assay. One half of a mouse brain was 
used to determine GAD activity according to Lowe et 
a/.[4], and the other half of the brain was used to assay 
AChE according to Ellman c’t id. [5]. Protein was assayed 
by the method of Lowry ct al. 161. 

Three mouse brains, frozen in liquid nitrogen, were 
pooled and used for the determination of the biogenic 
amines, NA. DA and 5HT. which were measured according 
to Brownlee and Spriggs 171. 

Following the injection of 6-OHDA the behaviour of the 
mice alternated between short periods of hyperexcitability 
and longer periods of sedation. About one mouse in eight 
entered into convulsions and died. A report has appeared 
describing the effects of 6-OHDA in the mouse [8]. These 

authors reported that doses in excess of 5Opg produced a 
high mortality rate. In our experiments the dose of 200 pg 
killed 12 15 per cent of the mice and a further IO per cent 
showed varying degrees of ataxia. After three days the beha- 
viour of the remainder of the mice was almost indistinguish- 
able from saline-injected controls and these mice were used 
for the biochemical assays. 
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Table I. The influence of 6-OHDA on the levels of mouse brain biogenic amines 
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5-HT 
beg Amine/g brain tissue k SD. 

DA NA 

Control (6) 0.485 i_ 0.070 0,936 * 0.109 0.569 * 0042 

6-OHDA (6) 0.573 + 0,124 0,197 f 0.134” 0.074 ) 0,017* 

In mice 6-OHDA was injected by the i.v. route 3 days prior to the assay of brain tissue, frozen in liquid nitrogen, for 
5-HT. DA and NA. The number of observations is given in brackets. The differences between mean values were analysed 
using Student’s t-test, *P < 0.001. 

Table 2. The influence of h-OHDA on mouse brain GAD and AChE activity 

GAD AChE 
(/lmoles GABA produced/g &moles ATCh hydrolysed/g 

protein per hr i SD.) proteins per min i_ S.D.) 

Control (6) 444.29 & 33.34 29.85 & I.34 
6OH DA (6) 38460 & X-13* 25-90 + 1.53? 

Three days following the i.v. injection of 6-OHDA. half mouse brains were assayed for GAD and AChE activity. The 
number of observations is eiven in brackets. The differences between mean values were analysed using Student’s r-test, 

- *P < 0.02, tP < 0001. 

a decrease in both AChE activity (P < 0.001) and GAD 
(P < 0.02) (Table 2). 

A relationship between brain NA and ACh has been 
reported by a number of workers. The iv. injection of NA 
has been found to lead to an increase in brain ChAc acti- 
vity [U]. a similar finding has been found following the 
administration of amphetamine [lo, 1 I]. Sethy and Van 
Woert [I 21 found that the chronic administration of L- 
DOPA resulted in raised ACh levels in the brain. Herman 
et al. [ 131 gave iv. injections of ACh and after 5 min found 
decreased levels of NA in four areas of the brain, and an in- 
creased level in a fifth. Phillipu [14] found that ACh in- 
creased the rate of NA release from the hypothalamus. The 
present finding that 6-OHDA-induced decrease in brain 
catecholamines are associated with lower AChE activity is 
therefore consistent with a number of findings implying that 
the cholinergic system and the catecholamines are in some 
way interrelated. 

There is also evidcncx that a relationship exists between 
GABA and the catecholamines. Amino-oxyacetic acid, a 
drug which increases GABA levels [15], also produces 
changes in the levels of brain NA and DA [ref. 16; and Ben- 
ton. unpubljshed results]. lrr t’itr.o studies showed that 
GABA released NA from cortical and hypothalamic sli- 
ces [ 171. Nicklas and Berl [ 181 have reported that following 
6-GHDA admmistration, a small compartment of giuta- 
mate and its associated metabolites was no longer present 
in brain tissue and they suggested that this glutamate com- 
partment is associated with catecholamine containing neur- 
ones. The present finding that following 6-OHDA 
administration GAD activity is decreased, is therefore con- 
sistent with these findings. 

It is possible that these changes m the CABA and cho- 
linergic systems are not directly due to the action of 6- 
OHDA, but rather are reactions to the changes in the cate- 

--_____ 

Present addresses: *Department of Psychology, Univer- 
sity College, Swansea SA2 9PP; ~Departlnent of Psy- 
chology, The University. Sheffield SJO 2TN. 

cholamines produced by the drug. Such changes will be im- 
portant in our understanding of the mechanism of h- 
OHDA’s action. 
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Effects of amphetamine and its hydroxylated derivatives on newly synthesized hypothalamic 
norepinephrine; study in Ltitro 

Sympathetic stimulations relea% norepinephrine from a 
newly synthesized pool [I. 21 as do amphetamine and its 
hydroxylated derivatives in peripheral tissues [3--51. In this 
report we present evidence that newly synthesized nore- 
pinephrine is preferentially released in brain tissue by both 
amphetanline and its mctabolites. The latter have a longer 
biological half-life in the brain and this may explain some 
aspects of the pharlna~ologicai action of amphetan~ine 
16. 73. 

Male rats (C. Rivers) received intraventricular (iv.) injec- 
tions of IO IQ/kg of 3H-dopamine (specific radioactivity: 
17.5 Ci/m-mole). The animals were killed after 15 min by 
decapitation and the brain was rapidly removed. The 
hypothalamus was isolated and sliced into sections. These 
sections were incubated for 45 min in Mac Ilwain medium 
with one of the following drugs: d-amphetamine (De Laire), 
dl-hydroxyamphetamine (SKF). or d/-r-methyloctopamine 
(Aldrich) at a concentration of 2 x IO-’ moles/ml. Control 
slices were incubated under the same conditions, but with- 
out sympathomimetic amines. At the end of incubation 
(45 min) the l~ypot~~alamic sectionswere homogenized in 5 ml 
of HCIO, 0.4 N at 0 The supernatant was acidified in the 
same way. 

The 3H-norepinephrine was isolated from 3H-dopamine 
by filtering through a Dowex 50 WX 4 (H+) column [S]. 
The norepinephrine fraction was purified by alumin adsorp- 
tion [9]. The endogenous norepinephrine was determined 
by fluorometric method. There is a 90 per cent recovery 
using this method [5]. 

The endogenous norepinephrine levels (pg/g) in hypotha- 
lamic slices and the supernatant are shown in Fig. 1. In 
addition, the newly formed 3H-norepinephrine is expressed 
as a per cent of total radioactivity. 

Amphetamine does not change the level of endogenous 
norepinephrine in the tissues, even though it does increase 
the concentration of the transmitter in the supernatant. On 
the other hand, hydro~yamphetarnine and ~-n~~thyloctopa- 
mine, a false neurot~dnsmitter [IO], deplete the tissue of 
norepinephrine while increasing the level of transmitter in 
the supernatant. This well established tissue depletion 
[I I. 121 is the result of granular penetration by the hyd- 
roxylated derivatives [I 31. These findings for endogenous 

norepinephrine are qualitatively similar to those for newly 
formed “H-norcpinephrine. Them is a relationship between 
the increase of norepinephrine in the supernatant under the 
influence of the three amines, and its decrease in the tissue 
when the slices are incubated with either hydroxy~mphet~~- 
mine or ~-methyloctopam~ne. In the case of amphet~~lnin~, 
the loss of tissue norepir~ephrine is not signi~cant. In all 
cases (Table I) the ratio of the specific radioactivity of the 
hypothalamic slices and that of the supernatant shows that 
there is a preferential release of newly synthesized norepine- 
phrine. Despite these similarities, there are large differences 
in the mechanism of the three amines’ activity. With both 
amphetamine and z-methyloctopamine there is a decrease in 
the specific radioactivity of tissue norepinephrine and an in- 
crease in the specific radioactivity; of supernatant norc- 
pincphrine. This increase is not very important. It is partially 
masked by the more important release of endogcnous trans- 
mitter, resulting from the granular penetration of the false 
transmitter. In the case of hydroxyamphetamine, there is an 
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COlltK%$ Amphe. OrtAmp. M octo. 
Fig. 1. Endogenous and tritiated norepinep~rine (NE) 
released by ~n~phetamine (Arnphe). hydroxy~ln~ph~tamin~ 
(OH-Amp) and ~-methylo~topalnine (M.0cto.f from 
hypothalamic slices. In tissues (T) and medium (M j, endo- 
genous NE was expressed in /cg/g; 3H-NE was expressed as 

per cent of the whole radioactivity (n = 6). 


