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stantially different (922 \s 1056 nmoles/lOO mg of protein). 
In addition, there were no significant differences in ALA 
dehydratase activity between normal and deficient animals 
when the product. phorphobilinogen, was isolated on 
Dowex l-acetate. 

Since iron must be maintained in its ferrous state for 
incorporation by ferrochelatase into protoporphyrin IX 
1221, the effect of ascorbic acid deficiency on this enzyme 
was of interest. As can be seen in Table 3, although the 
quantity of cytochrome P-450 in ascorbic acid deficient 
animals was markedly decreased (8.3 vs 21.8 nmoles; 
1OOmg of protein), there were no significant differences 
in ferrochelatase activity (589 vs 536 nmoles/hr!lOO mg of 
protein). 

Contrary to the proposal that the initial and rate-limit- 
ing steps in heme synthesis might be impaired in ascorbic 
acid deficiency 19. lo], our results indicate no significant 
differences in ALA synthetase activity in either whole cell 
homogenates or sonicated mitochondria. In addition, there 
were no substantial differences in ALA dehydratase or in 
ferrochelatase activities. Thus, ascorbic acid deficiency does 
not affect the activities of the key enzymes involved in 
heme synthesis. However, the possibility that it might be 
involved in the synthesis of the apoprotein of cytochrome 
P-450 or in the degradation of the heme protein should 
be considered. 
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Grant 23007 from Hoffmann-La Roche, Inc.. Nutley N.J. 
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Acute and chronic effects of (-)-amphetamine on seizure threshold 
and brain catecholamines in mice 

Amphetamine has been employed for over 35 years for 
the treatment of epilepsy [1,2]. While the acute and 
chronic effects of (+)-amphetamine on the seizure suscepti- 
bility of rodents have been the subject of numerous publi- 
cations [3%9], few studies have examined the effects of its 
(-)-isomer on changes in seizure threshold 14.8. Y], We 
have recently reported that acute administration of 
(- )-amphetamine at doses of 1.25 to 10 mg/kg increases 
seizure threshold in mice by 12-19 per cent, while doses 
of 1545 mgikg were without effect [9], 

The present study was designed to determine whether 
(-)-amphetamine-induced changes in pentylenetetrazol 
(PTZ) seizure threshold (a model system for central exci- 
tation) could be correlated with drug-induced alterations 
in endogenous concentrations of brain norepinephrine and 
dopamine and their rates of biosynthesis. Two doses of 
(-)-amphetamine were compared. 4 and 15 mg:kg. the 

former highly etI’ectlve in elevating seizure threshold after 
acute administration and the latter previously observed to 
be ineffective in this test system [9]. It was also of interest 
to ascertain whether chronic (~ )-amphetamine administra- 
tion for 7 days could produce alterations in these neuro- 
pharmacological and neurochemical parameters. when 
compared with acute drug treatment. 

Animtrk. Male albino CD-I mice (Charles Rivers) weigh- 
ing 2@30 g were used in this study. The animals were 
housed in groups of 5- IO mice in cages of 16.5 x 28 cm 
and permitted free access to food (Purina rat chow) and 
water. The animal quarters were illuminated for I2 hr. 
alternating with I? hr of darkness. 

Druy-tlosiny .schedulr. Saline and ( -)-amphetamine sul- 
fate were administered i.p. in a constant volume of 
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I ml I(H) g hod! weight; doses of ( - )-amphetam,nc rrfct 
to the butfate salt. (-)-Amphetamine (4 mg./kg) has heen 
shown pre\,ously to produce maximal changes in PTZ 
vxurc threshold when administered 30 min prior to test- 
ing [9]. In chronic studies. (~ )-amphetamine or saline Was 
administered once daily for 7 consecutive days. with altcr- 
ations ,n seizure threshold or neurochemical determina- 
tions evaluated 30min after the final injection on day 7. 
In both acute and chronic studies. seizure threshold and 
neurochemical determinations wcrc conducted in separate 
groups of mice. 

D~,~err?lilftrrion of PT% .wixr~~ //wc~sho/r/. PTZ was 
employed to induce clonic seizures in groups of 10 15 
mice. each animal tested only once. The method of Orloff 
ef ~1. [lo] was modified as preciously described 181. The 
mouse was briefy restrained while a O.S’,, solution of PTZ 
was infused into a lateral tail vein at a constant rate of 
2.55 mg:min; the endpoint was 3 consecutive set of clonic 
bezure actibitj characterized by jerking movements of the 
cars and jaw with purposclcss running mocements of the 
forelimbs. 

Nrlr,_oci,c~ll,i~lll tlvrt,r,tli,ltrfio,,,. Endogenous concen- 
trat,ons of tyrosine (TY). norcpinephrine (NE) and dopa- 
mine (DA) and an estimation of the rates of biosynthesis 
of the catecholaminc\ v,erc determ,ned in single mouse 
brain samples as dcsc,-,bed earlier [I I]. [3.5-‘H]tjros,ne 
([‘HTJTY: sp. act. 50 C’i m-mole) v+ab obta,ned from Nev, 
England Nuclear Corp. This material was found to be 
> 95 per cent pure b> spotting on thin-layer chroma- 
tography plates and developed using a solvent system of 
n-butanol- acetic acid water (5:1:4). [‘H]TY (3mCi:kg. 
,.\‘.I and (+amphctamine were in,jected 4.5 and 30 min 
prior to decapitation respectlvcly. The catecholamines and 
TY (endogenous and [“H]TY) were extracted from the 
brain using a 0.4 N perchloric acid reagent. TY ~a!. scpar- 
ated from the catecholamines bq alumina adsorption. and 
endogenous concentrations determlncd fluorometricall! 
(Aminco Bowman spectrophotofluorometer). Samples con- 
taining [‘H]TY were purified on a Dowcx-SO chromato- 
graphic column. and the radioacti\c TY was quantitated 
bq liquid scintillation spectrometry (Beckman LSC models 
345 or 355). NE and DA wcrc clutcd from the alumina 
with 0.05 N perchlor,c acid and endogenou5 conccntrat,ons 
were determined fluorometrically follou,ng oxidat,on with 
iodine reagent. The [.‘H]NE and IZH]DA formed from 
[‘H]TY were separated on a Douex-SO chromatographic 
column and quantitatcd using liqu,d \cintillation spectro- 
metr!. Estimation of the rates of biosqnthcsis of [‘Hlcate- 

cholamines ([‘HICA) from [‘H]TY wah calculated hq 
using the following equatmn: 

nmoles CA’g I ’ = 
d,\. ml,1 ( 4 g- 2 

<pcc,lic act,v,ty r’H]T\ 

where t = the time interlal betaeen the L,dm,n,st,-atiorl 01 
[“H]TY and animal sacrifice. The facto,- 2 in the numer-a- 
tor corrects for the loss of one tritium atom f,-om the 
r”H]TY when it is converted to (‘HIDA o,- [jH]NE. 

Duttr anrr/rsi.\. Result5 are cxprcsscd a\ the mean _t 
S.E.M. Statistical comparisons of C ~ )-amphetamine- 
treated YS control mice were performed using the 05 per 
cent confidence ,nter\al of a tratio [ 121. 

The results of this stud) are \ummar,xd in Table I. 
Acute administration of (-I-amphetamine (4 mg kg) 1~ 
creased PTZ seizure threshold h) 49 per cent. an cfTect 
which was attenuated to 31 per cent after se\en daily ,njcc- 
tions of the same dose of (-)-amphetamine. Acute and 
chronic administration of ( -- )-ampheta,n,nc at a dox 01 
I5 mgkg failed to s,gn,licantl) alter the \c‘i/,,,.c thrc\hold 

A single injection of the lower dose of ( ~ )-amphctum,~~c 
increased endogenous conccntratiom of NE and DA h> 
7 and 21 per cent. and enhanced their rate\ of h,osynthcsih 
by S5 and 51 per cent. ,-cspectilel!. On da) 7. thc\c rc- 
sponses were reduced or absent. The cndogenou~ co,,cc~~- 
trations and rates of bioavnthcsls of whole brain NE MC’,-c 
not significantly d,fferent ;n control and d,-ug-treated m,cc. 
endogenous DA levels wcrc increa\cd b! I4 PC‘,- cent. v,hile 
its rate of biosynthes,s was nonsignihcantlj elc\atcd b! 
14 per cent after chron,c drug admini\trat,oll. 

The results of this study \uggest that the ( I-amphcta- 
mine (4 mg kg)-induced incrcasc in PI‘7 \CI/LI, c th,.c\htjld 
I< medlatcd ,nd,rectlq hq the central ,,o, adrcnct-g,c and OI 
dopaminergic systems. This hypothc\,\ I\ \upported h! 
studies in this laboratory demonatratinp that prctrcatmcnc 
with x- and /i-noradrcncrg,c and dopaminergic rcccpt~~~ 
blockers prevented or reduced the magnitude of th,\ rc- 
sponse [9], Moreover. pretreatment \\ith rc\crp,nc. Y-mt‘tl~- 
yltyrosine methylerter. the \pcc,fic tl~>pam,nc /:-h!clro\!- 
lase inhibitor FLA-63 [I 31 and h-h!d,-~~\!do~~;,. the ca- 
boxyl analog of 6-hqdrox!ciop~umitIc capahlc of sclect,\cl~ 
destroying noradrenergic nerve tcrm,nal\ [ II. 151. ~11 \ub 
stantialh reduced (11’ abolished the ah,l,t> 01 I I-alnphct;i- 
mint to-incrcax PTZ x,/u,-c thrc\holC ;,ftcr acute ;,dm,~ 
,\trat,on (M. (;craId and T Ciupr,,. n~nuxx,pt ~hm,tt~tl 

Table I. Effect\ of acute and chronic administration of (-)-amphetamine on pentylenetetra/ol \ci/urc thrc\holtl. endue- 
gcnous mouse brain catccholamines. and their rate\ of synthc\i\.* 

Treatment 

PI-etreatment 
(days + 
30 mm) 

Seirure 
threshold of 

PTZ 

(mg:kgl 

Saline 1 

(-)-Amphetamine I 
(4 mg,‘kg) 7 

(-)-Amphetamine I 
( 15 mg:kg) 7 

39.9 + I.4 
42.1 * 0.5 

5X.6 * 2.X? 
55.3 + 3.x* 

40.8 + 1.x 
40.0 * 1.7 

Norepinephrlnc 
Synthcsib 

(nmole5.g x 
Endogenous Inin-’ 

(icg,g) x 10~~) 

0.50 f 0.0 I 1.37 _t 0.05 
0.50 * 0.01 1.35 + 0.07 

0.53 * 0.01: 2.15 + 0.19:: 
0.50 * 0.01 I so * 0.15 

0.46 + 0.01~ I .49 2 0. I I 
0.48 * 0.01 1.x7 -i_ 0.1x: 

Dopammc 
SJ Iltllc\,\ 

(lllll<~lC\ g * 
Endogenou\ ,ll,,l ’ 

I@ ?I Y IO 2) 

I. IO _t 0.09 7.87 i 0. I I 
I. IO * 0.02 2.xs 2 0.17 

I .?3 & 0.06: 1.3-l 1 0 37; 
1.25 + 0.021 3.77 t (III 

I .37 * 0.04: 4.00 + 0.7s: 
I .32 + 0.03: 1.x-l ; o.-roi; 

* Scirut-c threshold or neurochemicnl determinations were carried out 30 min after a j,ngle ,l+xt,on (da> I I OI 
after scvcn consecutive daily i.p. injections (day 7) of (-)-amphetamine or saline. Value5 rcprexnt the mean + S. I:. hl. 
N = l@lS in seizure studies; N = 12 and 2@ 24 in drug- and saline-treated mice. respect,vclq. in ncurochcm,cal ?tud,c\. 

t Significant increase in seizure threshold (P < 0.05). 
1 Significantly higher than correspondmg controls (P i 0.05). 
b Significantly lower than corresponding controls (P < 0.05). 
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for publication). The metabolite p-hydroxynorephedrine 
has been proposed to mediate the development of toler- 
ance to (+)-amphetamine 116. 171. It has been shown that 
I- )-amphetamine is not metabolized to this compound 
[IX]. nor ia p-hydroxynorephedrine an amphetamine meta- 
bolite in mice [19]. While tolerance was not acquired to 
the increase in PTZ seizure threshold elicited by 
I ~ I-amphetamine. this effect was decreased after chronic 
administration. These effects might be the consequence of 
a reduction of noradrenergic and/or dopaminergic in- 
fluences. as rcflccted by nonsignificant increases in the rates 
of biosynthesis of these catecholamines after chronic 
( - I-amphetamine administration. At this time. we cannot 
exclude the poshibility that this reduction is the conse- 
quence of diminished or altered central receptor sensitivity 
[20.21]. 

Acute administration of 15 mg;‘kg of (- )-amphetamine 
elicited a slight reduction in NE levels and increased the 
concentration and rate of synthesis of DA by 24 and 42 
per cent. respectively. After chronic administration, NE 
levels returned to normal. while its rate of synthesis was 
Increased by 38 per cent: endogenous DA concentrations 
remained increased by 70 per cent and its biosynthetic rate 
enhanced to 68 per cent above control. While the neuro- 
chemical profile observed after chronic administration of 
I5 mg, kg was very similar to that observed after a single 
dose of 4 mg, kg. these changes were not accompanied by 
corresponding elevations in seirure threshold. At this time. 
II 15 not clear whether the neurochemical changes in whole 
brain catecholamines after these high doses of (-)-amphe- 
tanune (I 5 mg:kg) represent an accurate portrayal of the 
dynamic changes occurring at the central neuronal recep- 
tor site5 [22]. 
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