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Abstract.-Oral ingestion of ci-amphctaminc at u mtc of Il.7 + 2 mg:kg$4 hr (mean + 
SD.) failed to significantly alter fore- und midbrain tyrosinc hydroxylasc activities. mc% 
sured in vitro, with respect to control sctivitics after 3 or 7 days pretr~~ltln~nt, or hindbr~in 
Ievels of the enzyme after 3 days pretrcstmcnt. Similarly. prolonged pretreatment with rescr- 
pine (I mgkg3 hr). the dopamine-P-hydroxylasc inhibitor FLA-63 (25 mgkg24 hr) or 
the DOPA decarboxglasc inhibilor NSDIUIS (25 mg:kgj74 hr) did not change fore- and 
midbrain levels of the enzyme. either when thcsc drugs were given nlone. or in combination 
with &umphctamine. However. fort- and midbrain tqrosinc hydroxylnsc levels in animals 
pretreated for 7 days with amphetamine alone were signiticantly enhanced in comparison 
with animals pretreated with rrscrpinc. or an amphetamine:reserpine combination. The 
sztmc trend mity have been observable after 3 days. but failed to attain significance within 
this period. 

cl-Amphetamine. reserpine and an amphetamine:rcserpine combination failed to alter 
fort- and midbrain tryptophan hydroxylase levels after 7 days pretreatment. and neither 
ilmphctdmine nor :UI amphetominc:NSDIOl5 combination altered hindbrain Ievcls of the 
enzyme. Seven dnys pretrerttmcnt with the trioyclic antidrprcssdnt drugs imipraminc and 
iprindolc (IO m&k&#48 hr) exerted no effect on fore- and midhmin tryptophan hydroxylase 
levels. 

These results indicate that hydroxyldsc levels in centml monoamine nruroncs. unlike 
sympathetic postgarqlionic ncurones. appear to bc relatively insensitive to agents which 
le;td to prolonged nlterntion of neurotrnnsmittcr turnover r~cs. This may reflect diilercnccs 
between peripheral and central monoamine neuronrs in terms of both anatomical and func- 
tional relationships. 

1~ HAS been known for some time that a chronic increase in the rate of catecholamine 
(CA) turnover within the sympathetic nervous system leads to an associated induc- 
tion of the neurotransmitter-synthesising enzymes tyrosine hydroxylase and dopa- 
mine-fi-hydroxylase. Such observations have been made both in sympathetic ganglia, 
and in the chromaffin ceiis of the adrenal medulfa. ConverseIy. any reduction of the 
tLirnov~r rate or CA in these structures is accomp~~nicd by a decrease in the Icvels 
of the above enzymes.’ 9 

The extension of these observations to the central nervous system has been 
limited.“‘.’ ’ and little is known of the response of tryptophan hydroxylase to factors 
which modify amine turnover rates. 



T!IC present work \vas dcsigncd to test the hypothesis that a ~~r(~l~~n~e~i change in 
the turnover rate of the functional pool of C’A or SHT in the central nervous skstcm 
produces a change in the activity of the corresponding SJ nthesising cnrytncs. 

Certain drugs have been wised as i3harmucological tools for this purpose. Suhstan- 
tial evidcncc exists to suggest that one of the major ef%cts produced by ~~-~t~~~hct~~- 
mine is an increased rate of turnover of the functional pools of ncurotransmittcr in 
central adrcncrgic and dopamincrgic ncuroncs. The drug causes prcfcrcntial relcax 

of l~c~~l~-s~ntl~csised CA from brain slices.’ ’ Its r7iicroiontophorc;ic application to 
noradrenergic brain-stem nwrones mimics the e&&t of iontopilorcticuill; applied 
noradrcnalinc (NA). and this effect is abolished after dcplction of C‘A storcxs I~! trcat- 
ment with rescrpinc, or inhibition of tyrosine hydrosylase with -/-mcth!I-I,-t!rosine. 

or in~libition of dopaminc-Jo-hycirox~l~~se with FLA-63.” Low doses of ti-ampheta- 
mine enhance central C/c\ turnover, particularly that of striatal dopaminc (DA).li 
Finall>. the dcpendencc of the central acti\ating etl’ects of tl-amph~t~llninc on unin- 
terrupted CA synthesis is demonstrated by the antagonism oi‘ throsinc hydros~lase 
and dol-)amine-f~-h~clrouylasu ililiibitioli on the ~~el~~l\~iotlr~ll sti~~i~~l~~ti(~~~ produced ht 
the drug,“.‘” 

There is also evidcncc to suggest that the lwcl of activit\ in central catcohola- 
minergic ncurones can modulate serotoncrgic activity.‘- and amphctamincs are 

knobvn to enhance SHT turnover rates in the central nervous system.’ ’ 41i attempt 

to stud) the e@ccts of modification of the rate of turnover of 5HT \vith rather greater 
speciticity has been made by the USC of the tricyclic antidcprcssant drug imipraminc. 
This drug di~erentiaI1~ inhibits 5HT uptake by brain slices with rcspcct to NA.“’ 
and reduces central 5HT turnover when ~ldtnitlist~r~d both actitcly,“’ and chroni- 
call).“’ 

WC haw therefore studied the cffccts of chronic administration of rl-amp)iet;li7iiIiC, 
and of the amphetamine antagonists rescrpinc. FLA-63.’ ” and the aromatic amino 

acid decarhoxylasc inhibitor ?-hydroxybcwyl hydrazinc (NSD1015)‘2 on ccntrat 
Icwls of tyrosine and tryptophan hydroxylasc levels. and of prolonged dosing tvith 
imipraminc on tryptophan hydroxylasc activity. rl-Amphetamine. and amphetamine 
~II~ta~oi~ists were adminstered both separately and in combination. 

In addition. we felt that it would hc of interest to comparc the possible effects 01 
imipramine. and the tricyclic antidepressant drug iprindole on central tr!b>tophan 
hydroxylasc levels. The latter is ;I far luss potent inhibitor of 5HT uptake h\. brain 
slices than the former,‘” hut both c~~ni~~oLl~i~~s appear to have similar clinical profiles 

as far as antidepressant activity is concerned.” 
A previous study’ ’ has reported the cf?&ts of chronic administrutiorl of muthan- 

phctaminc on tyrosinc hydroxylsse activity in crude homogcnatcs of brainstcm. and 
of striataf tissue. but it has hccn pointed out’” that activity measured under these 
conditions may well reflect the physical state of the cnqme. rather than the amount 
of en7ymc protein present. A solubilised preparation of tyrosinc hydroxylase has 
thercforc been used in these studies. 

There is a st~bst~l~~ti~~l discrepancy between the loq time-course of rclicf of dcprcs- 
sion during treatment with tric\clic antidcprcssants.“’ and the rapid cxprcssion of 

their t’flects on 5HT turnover rates in brain, suggesting that there ma> hc no itnmc- 
diatc link between the two ef%cts. ;I suggestion which is supported 1~) the clQctive- 
ness of iprindole. a rather poor inhibitor of rll~~t~[~~llnine uptake by brain tissttc, as 
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an antidepressant. If, however, the development of the clinical effects of these drugs 
does involve a modification of central serotonergic activity. either as an indirect effect 
of a change in 5HT turnover rates, or as an effect of some other mechanism, a change 
in the activities of enzymes involved in the metabolism of 5HT, which might be 
expected to have a rather similar time-course, could provide a valuable biochemical 
correlate. WC have invcstigatcd this possibility in the case of tryptophan hydroxylase. 

MATERIALS AND METHODS 

A~~irds. The animals used in this series of experiments were male Sprague-Daw- 
ley rats of the Holtzman strain. weighing 219 & 10 g (mean + S.D.). housed at 22“ 
under uniform conditions of lighting, at a population density of 4-6 per cage. 

DM~ aLllllirli.str’LltiorI sclwdul~s. &Amphetamine sulphate was administered at a 
concentration of 100 clg/ml in the animals’ drinking water. in an attempt to produce 
a fairly uniform dosage rate. This concentration of the drug had no perceptible taste. 
Preliminary experimentation established that the mean 24 hourly rate of ampheta- 
mine ingestion reached a steady value within a few hours. and showed no tendency 
to systematic variation within the longest pretreatment time used (7 days). The mean 
rate of amphetamine consumption for rats presented with 100 jcgjrnl d-amphetamine 
sulphate. and laboratory chow ad lib., was 11.7 + 3.0 mg/kg/24 hr (mean + S.D.. 13 
measurements). 

Reserpine (1 mg!kgQ4 hr) and FLA-63 (25 mg/kg/24 hr) were injected intraperi- 
toneally (i.p.1 as fine sonicated suspensions in I?{, (w/v) gum tragacdnth in isotonic 
saline. NSDIOI 5 (25 mg,/kg/24 hr). imipramine-HCl (10 mg/kg/48 hr) and iprindole 
HCl(l0 mg,/kg/48 hr) were injected in solution in isotonic saline. Volumes injected 
were 0.2 ml. Control animals were injected with vehicle only. Injections were per- 
formed daily at 16.00 hours. 

In order to compensate for the well-known hypodipsic and anorexic effects of d- 
amphetamine. control animals. and animals receiving amphetamine antagonists, 
either alone or in combination with amphetamine. were pair-fed and watered with 
animals receiving amphetamine alone or. failing this. with that group having the low- 
est mean rate of water and food consumption. Animal weights were monitored at 
the commencement and termination of each experiment on a group basis. Both 
amphetamine-treated animals and pair-fed controls tended to lose about 5 per cent 
of their body weight over a 3&y period. whilst animals fed and watered ad lib. 

tended to increase in weight by a similar amount. 
Drug pretreatment schedules were commenced at 16.00 on day I, and terminated 

at 9.00 on day 4 or day 8. Animals were killed. and assays performed. in random 
order. 

Pwpmtiou o~‘tisszw cstracts. Rats were sacrificed by stunning. followed by decapi- 
tation. and the brain rapidly removed and dissected on an ice-cold plate. Hydroxy- 
lase activities were assayed in two brain subsections. The first of these, consisting of 
striatum. hippocampus. hypothalamus, thalamus. and midbrain. had a mean weight 
of 0.79 f 0.1 g. and contained 70 per cent of the total brain tyrosine hydroxylase 
activity. in good agreement with previously-published figures.” 

According to the latter. and anatomical data concerning the distribution of 
monoaminergic neurones in rat brain,” the majority of this activity should have 
been contributed by tyrosine hydroxylase located in synaptic terminals. and axons. 
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Nevertheless. particularly when pretreating with drugs such as NSDlOlS known to 
cause substantial increases in brain tyrosine levels,‘2 enzyme samples were re-as- 
sdyed after dialysis for 24 hr under the conditions described in the previous section. 
Enzyme samples supplemented with a concentation of fl-mercaptoethanol equivalent 
to that present in the dialysis buffer, and stored at 4’,. tended to lose about 30 per 
cent of their activity within 24 hr. This inactivation was prevented by dialysis. How- 
ever, dialysis in no case altered the tyrosine hydroxylase activity of enzyme samples 
derived from treated animals relative to those derived from controls. 

Concentrations of NA and DA in the incubation media were of the order of 
5 x IO-’ M. which are well below those at which they are effective tyrosine hydroxy- 
lase inhibitors. 

Enzyme activities measured by the method described generally exceeded blank 
values, which were of the order of 1000 dis/min by a factor of about 10. 

Tryptophan hydros~lasr assay. Tryptophan hydroxylase activity was assayed by a 
modification of the method of Sanders-Bush et ~1.~~ The assay mixture contained 
12.5 pmoles of Tris-Cl. 250 nmoles of 5HT (creatinine sulphate complex), 25 nmoles 
of pyridoxal phosphate. 250 nmoles of DMPH, 100 nmoles of tranylcypromine, 25 
nmoles of FeSO,. 2.5 ,ul of [&mercaptoethano). 10’ dis,/min of [G-3H] -I- tryptophan 
(1 Ci/mmol) and 50 ~1 of enzyme preparation. at pH 7.7 and in a final volume of 0.3 
ml. Duplicate incubations were carried out in air at 37. for 60 min. following which 
assay mixtures were diluted to l-3 ml with distilled water. cooled to 0’. and rapidly 
applied to 5 x 0.6 cm columns of Zeo-Karb 226 (100-120 mesh. K T form). or Amber- 
lite CG50 (10&l 20 mesh. K + form). and washed on with 2 ml of distilled water. Un- 
changed tryptophan was washed off the columns with 50 ml of distilled water. and 
labelled serotonin elutcd with 5 ml of 4 M acetic acid. 

The recovery of serotonin fluorescence was measured for each sample. and used 
to compensate for fluctuations occurring during the isolation procedure. Aliquots (2 
ml) were withdrawn from the eluatcs. mixed with 14 ml of scintillator. and counted, 
as described below. 

[13H]-LTryptophan was purified immediately before use by passage through a small 
column of Zeo-Karb 226 (K + form). 

Formation of [3H]-serotonin was directly proportional to time, and to enzyme 
concentration over the range used in these assays. The apparent E;,,, of the enzyme 
for tryptophan was 475 /tM. and hence there was no discernible dependence of 
apparent enzyme activity on tryptophan specific activity over the range of variation 
which would be cxpectcd from fluctuations in endogenous tryptophan con- 
centrations. Enzyme activity was inhibited in the absence of 0,. Serotonin was the 
only radioactive amine detectable in the incubation medium described above by dcs- 
tending chromatography on cellulose phosphate paper according to the method of 
Butterworth.3” 

Enzyme activities measured by this method were generally about 5 times the blank 
values obtained by omission of the enzyme from the incubation mixture. which were 
about 1000 dis/min. 

Mis~~lltrr1c~o~r.s. The scintillation fuids used throughout this series of experiments 
consisted of 2 parts of tolucne to 1 part of Triton X-100 (v+). and contained 5 g 
of 2,5-diphenyloxazole. and 0.5 g of 1.5-bis[2-(5-phenyloxazolyl)] benzene/litre. 
Samples were counted in a Packard Tri-Carb 4000, or a Nuclear Chicago Isocap 
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liquid scintillation spectrometer. Variations in counting elticicncy wcrc corrcctcd by 
the external standard channels ratio method. 

Protein concentrations were measured by the method of Lowry ~‘1 t~/.“~ 
The statistical significance of differences between data obtained from variousI! 

pretreated groups of animals was assessed by the performance of a one way analysis 
of variance, followed. when the value of F obtained was signilicant at P = 045 bj 
two-tailed t-tests between individual groups. 

Results throughout have been expressed in terms of cnzymc activity;g wet wt of 
tissue sample, and have been given as a percentage of control values to cscl udc small 
day to day variations. The pattern of results was not altcrad by cxprcssion in terms 
of protein concentration in the assay mixture. 

Drugs. hiochernicals md ~udiocAcrni~u/,s. [X5-“HI-I-Tyrosine (33 and 42 C’i/mmolc). 
and [G-3H]-I-tryptophan (1 Ci.:‘m-mole) wcrc obtained from the Radiochcmical 
Centrc. Amersham, Bucks.. U.K. DMPH, was obtained from Sigma (London). 5HT 
(creatininc sulphate complex) was obtained from Koch-Light Laboratories Ltd. tl- 
Amphetamine sulphate was supplied by Halewood Chemicals Ltd. NSDIOI 5 was the 
product of Smith and Nephew Research Ltd. FLA-63 was the gift of Astra C’lwmicals 

Ltd. Iprindole HCl was the gift of John Wyeth & Brother Ltd.. Maid&cad. Bucks.. 
U.K. Tetrahydrobiopterin was the gift of Dr. R. Long of Roche Products. Tran\;lc~- 
prominc. imipramine--HCl and pargyline were the gifts of Dr. A. L. Green of this 
department. 

&#i~r,s c?f’uf,rpkctafilir7~J furl rrwrpitw orl,fbotl uritl wtrtw iutdcc. Preliminary cxpcri- 
mentation established that the rate of rl-amphetamine ingestion attained during prc- 
treatment was sufficient to cause strong anorexia and hypodipsia (Table I ). and that 
reserpine significantly antagonised the former (P < 0.005) but not ~hc Iattcl 
(P > O-05) effect. 

T,\I~I.I. I, hb~:c-IS 01 ~~1’111 ‘I AMINI. I<I~s~:I<I’I~I~ AICIJ A~II’III:I~\~IKI~ I<I SI I<I’IvI ( I )\I- 
IllNA I‘IOVS ON I.o(JI) ,\\I) ,VA Il:K (‘ONSl~\ll’rlo~* 

- -- _- ----.- 
Water consumplion Food con4~1 mption 

Drug prcntrcalmcnl (ml’rat.24 hr) (g ‘WI 2-l hr) 
-..-_- 

C‘ontrol 39.5 + I.3 I IJI 19.2.i i (b'J>(SI 

Rcscrpinc 3x4 &, 2 (I I I Ih4 ; 06151 

Amphctaminc 2.56 5 1~2ll?l+ s.1 f 04ISlt 

Amphctaminc+ ‘84 & 2 I I I I+ I2.h f l~?c.il:: 

rcserpine 
_____- ..-. _...___. _.__ _.. 

* Rcscrpinc (I mg:kgjX hr) was illjcclcd in suspension in 0.2 ml of I per cc111 punt 
tragaconth in isotonic saline. tl-Amphetamine sulphatc was prcscnt at ;I CLUI- 
centration of 100 pg;‘ml in drinking water. Non-rescrpiniscd rats wrc il?jcctctl with 
vehicle only. Each observation consists of the mean 24honrl> rates offo~xl and \v:itL’I 
consumption of a group of six animals. Results arc prcsontcd 3s mean + S.F.M. 
t‘igurcs in parentheses indicate the number or ohscrvntions l’rom which the nxxn i:, 
calculated. Food and water consumption rates for groups of animals suh,jcctcd IO 
a given drug prctreotment did not vary significnntlx from day IO da! over :I 7 da! 
period. 

t P < 04Xll with respccl to controls. $ P <: OW5 with rcspcct to confrols and 

amphetamine + rcscrpinc group. 
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Tyrosinr h.@osylasr /w&. Pretreatment for a 3-day period with &amphetamine 
sulphate led to small increases in tyrosine hydroxylasc activities in the fore- and mid- 
brain structures assayed in four out of five experiments, which varied from 5 to 42 
per cent. In the remaining experiment, in which groups of four rather than six ani- 
mals were used, a non-significant decrease of 9 per cent was observed. Analysis of 
the pooled data revealed that any increase in fore- and midbrain tyrosine hydroxy- 
lase levels produced by pretreatment with cl-amphetamine for a 3-day period just 
failed to reach significance at the 5 per cent level (005 < P < 0.07. Table 2). 

TAtiLl: 1. ~I’l’liC’TS Ok (;I) AMI’HI:IAMINI:. HIWRI’INI’ ANI) A#I’HI:TAYINI~:RliSliKI1IVI: C’OY- 
RINATIONS (b) FLA-63 AND AMPHETAMINE;FLA-~~ COMRINATIONS AND (C) NSDIOI5 
AN” AMPHETAMINE;NfiD)~)S COMBINATIONS ON LEVELS OF TYR(XINI. HYIIROXYLASE 

ACTIVITY IN FORE- AND #II>-RRAIN, EXCLUDING CORTEX* 

Tyrosinc hydroxylasc activity (‘I,, of control) 

Drug pretreatment 

Control 
Reserpine 
Amphetamine 
Amphetamine + 

reserpine 

Durations of pretreatment 
3 days 7 days 

100 + 4.3 (24) 100 f 5 16) 
9X.2 k 6.4(20) 9’ f 3 (6) 

112.7 + 5.3 (‘5) 106 f 3 (611 
101.3 f 5.1 (20) 93 + 4(h) 

Control 
FLA-63 
Amphetamine + 

FLA-63 

I00 + II (6) 
76 + 16(S) 

IO3 + l?(5) 

Control 
NSDIOIS 
Amphetamine + 

NSDIOIS 

100 + 6 (4) 
9x + x (4) 
X6 T 9 (4) 

IO0 f 7(4) 
76 + 8 (3) 
x2 + 5 (3) 

* Rescrpine (I mg:kg:‘24 hr). FLA-63 (25 mg:kg;24 hr) and NSD 1015 (15 mg’kg 
24 hr) were administered by i.p. injection as described in materials and methods. tl- 
Amphetamine sulphatc was administered orally. In each experiment groups of ani- 
mals were pair fed and watered with the group haking the lowest rate of wsater and 
food consumption. These were (a) the amphetamine-treated group (b) the FLA-63: 
amphetamine group and (cl the NSDlOlS!‘amphctamine group. Results are given as 
mean k S.E.M. In case (a), observations from five separate 3 day pretreatmcnl exper- 
iments have been normalised and pooled by division of individual observations bq 
the mean activity of the corresponding control group. Numbers in parentheses indi- 
cate the number of observations in each group. 

t P i 0.01 with respect to reserpine group: P < 005 with respect IO amphrVd- 
mine + reserpinc group. 

In no case. therefore, did pretreatment with amphetamine, and amphetamine anta- 
gonist or a combination of the two significantly alter fore- and midbrain levels of 
tyrosine hydroxylase. with respect to control levels, whether the duration of pretreat- 
ment was 3 or 7 days (Table 2). This lack of effect of amphetamine was confirmed 
in two experiments in which groups of six amphetamine-treated animals were com- 
pared with pair-fed controls. without being subjected to the stress of intraperitoneal 
injection. Similarly. 3 days of pretreatment with amphetamine, or an amphet- 
amine/NSDlOlS combination exerted no effect on hindbrain tyrosine hydroxylase 
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TAIII.L 3. l31.1.c.r~ 01. ,~MI’IWIAMI~XI:. ASI> A~II~III.I;~~II~~.:NSDI~I~ ~~~YI~I~:AII~\s o\ 

i/l I’ifW I.I~\‘I.LS 01 1‘1 KOSINI II\‘I)KOx1 I.r\SI. A(‘I‘IVl~I’~ Ih‘ IIINImIAIV’k 
._. 

Drug prctrcnlmcnt ‘Tyosinc hydroxylasc activity (“,, of control) 

C‘ontrol 
Amphctaminc 
Amphetamine + 

NSDIOIS 

100 * x (hl 
Y2 = -t(6) 

110 + 1Oi5) 

* NSDIOIS (3 mgkg+I hr) was administcrcd h! i.p. ir?icction. mnd Camphcta- 
mine sulphatc orally. 8s dcscribcd in materials and mcthods. The control croup. mid 
the group trcatcd with the ~~mphstamine:‘NSDlO15 combination wcrc p:;ir-fed and 
watered with the amphctaminc group. Duration of pretreatment was 3 days. Results 
are cxprcsscd :IS iI percentapc of mean of control activity f S.E.M. Figures in purcn- 
thcscs indicate the number of observations in cnch group. 

activity (Table 3). However. significant variation appeared to develop amongst forc- 
and midbrain tyrosine hydroxylase levels of animals treated for 7 days with amphe- 
tamine, reserpine. and an amphetamine/reserpine combination (Table 2). The 
enzyme activity measured for the amphetamine-treated group is significantly higher 
than that measured for the reserpine-treated group (P < 0.01). and for the group 
treated with the drug combination (P < 0.05). The same trend may have been 
observable after 3 days of pretreatment. but in this case it failed to reach significance. 
The interpretation of this effect is not obvious, and the situation may have been obs- 
cured by the extreme debilitation of animals after prolonged reserpinisation or 
amphetamine treatment. 

T~rptopkur~ h~&~s~~/a.sc~ /rrc~/.s. Tables 4 and 5 prcsen t compara l-k data for trypto- 
phan hydroxylase lcvcls in fore- and midbrain. and in hindbrain. Pretreatment I~I 
7 days with amphetamine. rcserpine. or a combination of the two drugs failed lo alter 
fore- and midbrain enzyme levels (Table 4). and as in the case of tyrosine hydroxylasc. 
neither amphetamine nor an amphetamine/NSDlOlS combination Mucnccd hind- 

TAltl.1. 4. EI+l.(‘I3 01 (:I) ,\~I’IIl.l’AMINI.. K,~SI.Kl’,NI~. Ah’l) A\II’III I’,\hll\l. KI.SI KI’INI 
(‘OMl3INA’l~lOVS ASI) IIJKINI)OLI ASI) IMll’K~~llhl- oh ill l.i/rtJ I I.\1 LS ob 1‘1~1 I’IOI’IIA~ 

H~‘I)KOSI’I.ASI- A~‘I‘I\~II’~~ Ih MlKl:- A\l) MII)I~KAIS. I:S(‘I.I I)IN(; (‘OK Il,S* 

Drug prctrcatmcnl 

Control 
Rcscrpinc 
Amphctaminc 
Rcserpinc -t 

amphctaminc 
(‘ontrol 
lprindolc 
Imiprnminc 

-. _.__.-_-.-. ..-. 

TrgW~phim hxdroxylnsc nctivil! (‘I,, of conlnd) 
___-___ --. .--. -- .- 

100 I I I (61 
7’) + I.! (6) 
x3 ; I I (61 
Y I :F I 2 (6 I 

IO0 f Y (4) 
100 - l4(41 
95 + h(4) 

- 

* Rcserpine (I mg;‘kg24 hr) W;IS administered by i.p. illjcction. and r/-nmphetn- 
mint sulphatc orally. as dcscrihcd in materials and methods. The control group. nnd 
groups rccoiving rescrpinc. and amphctaminc + rcscrpinc wcrc pair-fed and watcrcd 
with thcgroup receiving amphctnminc alone. lmipraminc HCI( IO m&kg48 hr) und 
iprindole--HCI( IO mg;‘kg/48 hr) wercgivcn by i.p. injection. :IS dcscribcd in materials 
and mothods. Duration of pretrcatmcnt W~IS 7 days in both experiments. Results arc 
cxprcssed as “_ of the mean activity of the appropriate control group. + S.E.M. 
Figures in parcnthcscs indicate the number of observations in each group. 
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TAHLI: 5. l+‘li~‘~rS Ot AMI’HliTA!tllNli. ANI) 4~l~HlrTAMIUli:NSDIo~ 5 (‘OMUINATIONS ON 
ill I’ilr’O 1.I:VI:I.S 01 TKYI’NWIiAX HYI)KOSYI.ASI: ACTIVITY IN HINI>IIIIAIS* 

Drug pretreatment Tryptophan hydroxylase activity (‘I,, of control) 

Control 
Amphctaminc 
Amphetamine + 

NSDIOIS 

100 k 12 (6) 
91 + 14(6) 

105 f h(S) 

* NSDIOIS (15 mg: kg:?4 hr) was administered by i.p. injection. and hampheta- 
mine sulphnte orally. as descrihcd in materials and methods. The control group and 
the group treated with amphetamine + NSDIOIS were pair-fed and watered with 
the amphctaminc-treated group, Duration of pretreatment was 3 days. Results are 
expressed as a percentage of the mean activity of the control group + S.E.M. Figures 
in parentheses indicate the number of observations in each group. 

brain levels (Table 5). Similarly, chronic administration of the two tricyclic anti- 
depressant drugs imipramine and iprindole (7 days pretreatment) had no significant 
effect on and midbrain tryptophan hydroxylase activity (Table 4). 

DISCUSSION 

The results presented here indicate the existence of marked differences between 
central monoamine neurones and sympathetic postganglionic neurones in respect of 
their responses to prolonged alteration of neurotransmitter turnover rates. 

Prolonged treatment with cl-amphetamine sulphate. an agent known to increase 
central CA turnover rates and which probably exerts its primary effect on the func- 
tional pool of transmitter in central CA neurones. had no marked effect on brain 
tyrosine hydroxylase levels. although there may have been a slight trend towards in- 
creased levels of the enzymes in fort- and midbrain after a short (3-day) period of pre- 
treatment. Similarly. treatment with agents known to antagonise the central acti- 
vation produced by t/-amphetamine failed to influence tyrosine hydroxylase levels 
when comparisons were carried out with control groups of animals, although some 
evidence was obtained for a significant enhancement of levels of the enzyme in the 
brains of animals treated with a prolonged period with &amphetamine as opposed 
to reserpine. or an amphetaminqreserpine combination. It is probable. however. that 
these effects arc attributable to. or at least were profoundly modified by, the stress 
produced by extended treatment with the above drugs. 

Central tryptophan hydroxylase levels appear to show a comparable insensitivity 
to changes in transmitter turnover rate. Imipramine exerts a relatively specific inhibi- 
tory effect on the reuptake of 5HT into synaptic terminals. and reduces turnover of 
the amine in central serotonergic neurones, probably acting primarily on the func- 
tional pool of transmitter since its effects are accompanied by a reduction in the firing 
rate of raphe neurones.“’ However, prolonged treatment with this drug failed to alter 
fore- and midbrain trytophan hydroxylase activity, measured in cirro. This lack of 
response of the level of the cnzymc alteration of transmitter turnover rate is con- 
firmed by the lack of effect of amphetamine. either in fore- and midbrain. or in hind- 
brain. and of rcserpine in fore- and midbrain. 

Our experiments have, therefore. failed to demonstrate any clear effect of pharma- 
cological agents known to alter rates ofamine turnover within the central nervous sys- 
tem on the levels of the corresponding synthetic cnzymcs. These findings are broadly 
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in agreement with results rcportcd by Besson ct d.“” during the preparation of this 
manuscript. These workers also failed to demonstrate any effect of chronic 
administration of amphetamine on irl rim tyrosinc hydroxylase activity. tither in 
hindbrain, or in forebrain structures, and detected no significant effect of rescrpinc 
on enzyme levels in striatum or cortex. They report. however. a small (25 per ccnt) 
induction of tyrosine hydroxylase activity in brainstem by rcscrpinc. in agrecmrnt 
with a previously published report. lo 

In the light of our findings. and those of the above workers. it seems probable that 
the inhibition of tyrosinc hydroxylase activity in crude homogenates of striatal tissue 
observed after chronic administration of methamphctamine” is related to the in- 
crease in the proportion of enzyme activity in the striatum found in a particulate as 
opposed to a soluble form, which has been reported to result from treatment with 
this drug,‘3 rather than to a decrease in absolute tissue levels. 

There are differences bctwecn the functional roles played by sympathetic post- 
ganglionic neurones, and central adrencrgic and serotonergic neurones. The sym- 
pathetic postganglionic neurone can be considered to fulfil an effector function. 
whereasa large proportion of central monoamine neurones are likely to be involved 
as elements in feedback loops. and can thus bc thought of as having an essentially 
regulatory function. A number of recent findings emphasise the possible regulatory 
importance of interaction between neurones characteriscd by different varieties of 
neurotransmitter. The involvement of catecholamine neuroncs in the modulation of 
cholinergic transmission is suggested by the observations that intravcntricular injcc- 
tion of NA, or of DA on a chronic basis, or prolonged administration of cl-amphcta- 
mine increase choline acetylase levels in brain3” jy The existence of interactions of 
the converse type is suggested by the effects of a variety of cholincrgic agonists and 
antagonists on central CA turnover rates.“‘.“’ Observations of this type have led to 
the proposal that the nigro-striatal DA neurones participate in a feedback loop in- 
volving a cholinergic component.“’ 

Rather more direct evidence for the involvement of negative feedback effects in 
regulating the activity of central serotonergic neurones has been inferred from the 
reduction in the firing rams of raphe neuroncs which results from the intrasynaptic 
accumulation of 5HT after blockade of reuptake of the amine following treatment 
with imipramine.4’ 

Induction of tyrosine hydroxylase and dopamine-/Ghydroxylasc by pharmacologi- 
cal agents in sympathetic ganglia iscontingcnt upon an increase in the level ofclcctri- 
cal activity incident on the postganglionic cell.’ In the case of central monoamine 
neurones. however. the response of this parameter to drugs such as &amphetamine 
which alter the distribution of neurotransmitter within. or its release from the synap- 
tic terminals might be strongly influenced by participation in feedback loops of the 
type discussed above. which might well tend to negate the primary drug effect. In 
this case. it may be unwise to draw too facile an analogy between sympathetic post- 
ganglionic neurones. and central monoamine neurones. 

Another series of experiments by the present authors* indicate that intraventricu- 
lar injections of cyclic-AMP, cyclic-AMP analogucs or phosphodiestcrase inhibitors 
do not appear to cause a significant induction of central tyrosine hydroxylase. This 
again contrasts with the situation reported to exist in sympathetic ganglia.43~4s and 
* I:. <‘. Ht~lmc and M. R. Kihhy. tnanuscript in prcparntion. 
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may be indicative of a fundamental difference beween sympathetic postganglionic 
neurones and central catecholamine neurones in terms of their mechanisms for regu- 
lating the levels of neurotransmitter-synthesising enzymes. 

The failure of iprindole to influence central tryptophan hydroxylase levels is not 
perhaps surprising in view of the lack of effect of imipramine. In searching for a ncuro- 
chemical correlate of the development of antidepressant activity during treatment 
with these drugs it may once more be appropriate to give consideration to the poss- 
ible importance of interaction between serotonergic and non-serotonergic ncuroncs. 
Thus. the tricyclic antidepressant amitryptiline has been shown to enhance central 
choline acetylase activity. when administered chronically.“” The possibility that 
actions of this kind may provide the key to the clinical efficacy of these drugs awaits 
further investigation. 
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