
CHANGES IN CEREBRAL CARBOHYDRATE 
METABOLISM IN THE RAT AFTER ACUTE AND 

CHRONIC TREATMENT WITH, AND 
WITHDRAWAL OF, METHAMPHETAMINE 

Abstract.~~~~rotlps of lats were treated with m~th~lr~~phet~mine as follows: “acute”, sit& 
intr~i~~~r~to~~~~l injtxtion (5 mgkg body wt): “chronic”. receiving the drug in the drinking 

water in ~on~elltr~~t~olls which increased from 5 mp:kgJZJ hr initially to JO mg:kg/?4 hr after 
3 weeks: ‘withdrawn”. treated identicali> to the chronic group but given drug-free water 
for the final 24 hr before death. All groups, with controls, were injected with ‘“C glucose 
at various times (i-15 min) b&ore death by rapid freezing in liquid N2. Changes observed 
in the brains of the acute group (increased lovels of lactate, decreased levels of glycogen and 

increased rates of labellins of the glycogen) dis:lppearcd on chronic treatment and wrrc 
reversed in the Withdraw? group. It is suggested that the evidence is in favour of habitua- 
tion on chronic treatment of methamphetamine and that the effects of withdrawal. similar 
as they ~vere to those of a depressant drug. indicarc that dependence has deveiopcd. 

A~~~~TA~II~~s were t~ri~in~~liy t~~ol~~ht to give rise on1y to psy~hoJo~i~a1 depen- 
dence, but it has subsequently been realized that there is no ready distinction 
between physical and ~sy~hoI~~i~~1 dependence: part of the basis for amphetamine 
dependence may be physical. ’ J 

Biochemical studies on the effects of ~~nl~hetamines have indicated interactions 
mediated by catecholamine release and antagonized by adrenergic x- and /?-btocking 
agents.” 5 One of the mechanisms by which the amphetamines act has been sug- 
gested to involve interference with catecholamine reVuptake.h.7 Research on the 
effects of the [Mocker, propr~~ilolol. on n~ethai~~lletarnine action in mouse brain. 
has shown changes in levets of ~arboliyd~~te lnetabo~ites in the brain after acute 
tre~ltment with ll~eth~~rnph~t~~rnin~. Decreases in glycogen and creatine phosp~late 
were ac~orn~an~ed by increases in ~oil~e~ltr~~tions of glucose and of pyruvate; the rate 
of Iabeiling of cerebral glycogen from injected [’ “Cl]glucose also increased.3‘8 

This paper reports the effects of acute and chronic meth~~m~hetamine treatment, 
and of its withdrawal from chronically-treated rats. on levels and rates of turnover 
of selected intermediates of brain carbohydrate metabolism. 
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MATERIALS AND METHODS 

The experiments were performed on littermate Wistar rats of both sexes, 50 100 p 
body wt. and were treated as three main groups. 

(I ) “Acute”. receiving intraperitoneally 5 mg methamphetamine HCl/kg body wt, 
made up as a solution (2 mg/ml) in 0.97; saline. They were killed by immersion in 
liquid N,, 60 min later. Controls for this group were injected intr~~eritonc~lly with 
the equivalent volume of 0.9% saline. 

(2) “Chronic”, receiving meth~mpllet~mine in the drinking water in concel~tr~lt~o~ls 
calculated to give 5 mg/kg/24 hr initially. This was doubled every 5 days to a final 
intake of 40 mg/kg/‘24 hr at the end of 3 weeks, when the rats were killed by rapid 
freezing. Controls had normal tap water thronghollt. 

(3) “Withdrawn”. This group was treated identically to the chronic group except 
that they were given drug-free water for 24 hr before death by rapid freezing. The 
control group was given tap water throughout. 

All groups, treated and control. were given U-r’ sC]-u-glucosc (tO $2: 100 g body 
wt) i~traperitone~~l~y at various times (between 5 and IS min, as natedf before deztth. 

The cerebral cortex was removed from the frozen animals in a cryostat at -35 . 
and ground to a coarse powder in a mortar cooled in liquid N,. After weighing in 
a metal scoop. they were dispersed by fight hand-homo~e~liz~ttion in glass-pestle 
homogenizers in 0.3 M perchloric acid (2 mt) at 0’. Each value is the mean of dupti- 
GIte tissue samples. 

After centrifugation at 3000 rev/min for 30 min at 0’. the pellets were retained fo! 
glycogen estimation and the supernatants were neutralized with 3 M-KHCO, at 0 I 
centrifuged to remove precipitated KCIO, and used for estimations of acid-soluble 
meta boli tes. 

~l~~,~~~~tl~? was partially purified by extracting the perchioric acid pellet into hot 
water (100 for I(1 min). After cooling to 0“ and centrifugation. the glycogen was esti- 
mated cnzymicaII> using amylo 2 I. 3-x 1. 6 transglucosidasc.” 

f~luc~usc, ILI(.TCIT<J and glutun~rtr were estimated by methods described previously. ’ ” 
Specific activities of the metabolites were estimated as described previously. 1 ” 

Methamphet~mine-HCl was purchased from Sigma (London) Chemical Co., Ltd. 
Al1 enzymes and coenzymes used in the estimations were supplied by Boe~lril~ger 
Corp., London. 

~~-~l~lcose-~~~(U) (3 ~nCi~m-mole) was obtained from the R~~diocIlein~~~~ Centre. 
Amcrsham. 

RESULTS 

.Ejfkr.s r?f/rvthuml?lrrt~ur?lirle on wrtaholitr r~oncent~~rtiolzs A single dose of metham- 
~hetaj~itle (5 mg/kg) resulted 1 hr later in a decrease in glycogen of 1X per cent and 
an increase in lactate of 13 per cent (Table 1). There was no signi~c~~nt change in 
cerebral concentr~~tio~~ of glucose or of glutamate. The changes in lactate and gly- 
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Metabolitc 

Glll~oX 
Lactate 
Glutamate 
Glycogen 

Change (as “;, of control value) 
Control value (n = 24) 

(pmole;g & SD.) Acute Chronic Withdrawn 
_.- 

1.5x f 0.34 107 (NS) 94 (NS) 119 (P < 0.025) 
1.93 rl: 2.28 113 (P < 0005) 101 (NS) 85 (P < 0.005) 

I I.88 i: 2.01 103 (NS) 96 (NS) 96 (N S) 
I ,43 & 0 I5 82 (P < 0~0005) 102 (NS) 123 (P < 0.025) 

cogen, though highly significant, were small in contrast to the effects on the rate of 
labelling from [‘4C]glucose. described below. These changes, observed in the “acute” 
experiments, were not observed after chronic treatment when no significant differ- 
ences could be observed. On the other hand, when the methamphetamine was with- 
drawn from the chronically-treated animals. the changes observed were the complete 
opposite of those noted after acute treatment: glycogen increased by 22 per cent and 
lactate decreased by 15 per cent (Table I). There was no change in glutamate and 
a 19 per cent increase in glucose. 

~~~~~)~~)~~~~~~iu~? of’ “C jict777 ~J~UCOSC~ ii?fo crf&~ml il?~f{lbo~;r~,s. The most striking 
results were in the rate of labelling of glycogen (Fig. 1). Thus in the acute experiments 
(Fig. la), methamphetamine treatment resulted in a significant increase in the rate 
of incorporation of “C into glycogen, significantly different (P < 0.005) at times 
from 9 min on. At 9 min the specific activity of the brain glycogen was twice the con- 
trol value and the total 14C present in the glycogen was 235 per cent of that in the 
control animals. There was no effect on glycogen labelling after chronic treatment, 
but on withdrawal, the rate of labelling of the giycogen was significantly decreased 
(Fig. I b). The specific activity of the glycogen at 9 min was 50 per cent of the control 
value and the total 14C in the glycogen had decreased by 30 per cent. The specific 

(b) 
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FIG. 1. incor~~r~ti~n af ‘“C from glucose into glycogen, in m~thanlphe~amine-treated rats: (0) control; 
(0) treated: (a)“acutc” experiments:(b) “withdrawal”. Each value is the mean of the results from at least 

four rats. The vertical bars represent S.D. 



activity of cerebral lactate at 9 min after injection of ‘“C glucose was not siglli~cal~tly 
different after acute or chronic treatment. but was 77 per cent lower after withdrawal. 
compared with control values. There was no effect on glutamate in any of the expcr- 
imental groups. Thus an opposite effect w;ts also observed in the labelling of glycogen 
between acute treatment and withdrawal, and the pattern of labelling of the metabo- 
lites on withdrawal was again similar to that seen in the presence of a depressant 
drug; a general decrease in the rate of labelling of metabolites (glycogen and lactate) 
derived from glucose. 

DISCUSSION 

The results on tissue collce~ltrations of glycogen, lactate and glutamate after the 
acute tr~atnlent with ~~~etl~amphetarni~~e are similar to those observed after similar 
treatment with ~~-a~~~lletarnine. The effects on brain glycogen are also in agreement 
with the results reported by Estler and PImmon3 and by Estfer and Mitznegg.’ who 
suggested that the increase in specific activity might be due to increased turnover 
rates resulting from increased breakdown of glycogcn by catechola~~line ~~ctivation 
of phosphorylase. The doubli~~g of the specific activity of the glycogen at 9 min in 
the acute expcrimcnts of the present study was equivalent to an increase to 235 per 
cent of the control value for the totat “C present in the glycogen, and the rate of 
incorporation of “C into glycogen was faster over the entire experimental period 
after acute treatment with the drug. Calculations of approximate turnover rates. from 
the rate of change of radioactivity in glycogen and lactate, indicated that the turnover 
rate of the giycogen was only some 5 per cent of that of the lactate in both acute 
and control groups and is a value similar to that previously found.’ ’ In that cttse 
the observed decrease in glycogen of O~ZS~~molcig would lead to an a~cLinlui~tion of 
no more than 0.025 /cmoles of lactate. if as seems probable from our results, there 
is no significant effect on metabolism of lactate through the tricarboxylic acid cycle 
to glutamate, However the increase in lactate was 0.25 blmole/‘g, and only 10 per cent 
of this is likely to have been derived directly from glycogen. The increase in lactate 
may therefore be due more to increased rates of gl\;col\sis from plucosc wthcr than 
from glycogcn alone. Amplwtamincs hnw been rcport&l to inhibit, raIlw ~Iran acti- 
vatc, cerebral phosph(~rylasc. I3 The relatively small increase in blood glucose con- 
c~~ltration after tre~~tIlle]lt with methamphetamine’ is unlikely to CWSC: in itself, pro- 
nounced stimLIlatiol1 of glucose mct~lbolisln’~ unless the drug exerts a direct effecl 
on glucose transport. 

CI~onic* ~~~‘f~~~??(‘~?~ ~nrf ~t,~~~~~~~~~~~~~~. The disappearance of any stimulation of ccrc- 
bra1 metabolism after chronic treatment by administering the amphetamine in the 
drinking water could have resulted from lack of intake of the drug. to lack of its 
penetration to the brain. or it could indicate il~lbit~l~ltion. It seems unlikely to have 
been due to changes in breakdown or excretion of the drug.” The water intake of 
the chronically treated animals was only slightly! (1 X per cent) lower than of the con- 
trols. so lack of intake of the drug can be eliminated. We believe that the animals 
had become habituated to the drug, which receives support from the observed effects 
of vvithdrawal. There were in direct contrast to the results from the acute expcr- 
iments. and were ofn pattern more similar to those seen after treatment with dcpres- 
sant drugs (e.g. harbituratcs I.’ ’ ). The decrease in glycoly tic rates is compatible with 
the decreased respiration seen to occur on ~vitlldr~~~al of ~~rnpi~~t~l~~ill~s,” ,41~11{~11~~~ 



rigorous behuvioural tests were not performed in this study, the observed behuviour 
of the animals seemed consistent with the metabolic results: the hyperactivity~ 
aggression and stereotypy of the acute group was not obvious after chronic treat- 
ment : the withdrn\4 n group uerc clocilc. 

We conclude that these studies form a basis for developing animal models for 
dependence on amphetamine since the stimulation effects on cerebral metabolism 
after acute treatment disappear on chronic administration of the drug and are 
reversed after its withdrawal. 
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