
such ctifferenccs have not >et been revealed by spectral studies. Alternativetj. ph~xlobarbi~~l and PCN may 
differentialI\ al%ct other components of the mixed-function oxidase system or its microenvironment. 

Acl;l~rl~~ietkjerrtctrts -PCN was generously supplied by Upjohn, Inc., Kalamazoo, Mich. This study WLLS 
s~~p~~orted,‘i,, part. by a National Institutes of Health Predoctoral Fellowship, No. 5FOI CM47428 from 
the National Institute ol‘(ieneral Medical Sciences,a Universitv of Nebraska Medical Center Seed Grant. 
and a Grant-in-Aid from the Nebraska Heart Association 
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Selectivity of ~nt~ielletetrazol on brain 
monoamine meta~lism 

IT IS WELL established that drugs which lower rnon~a~~~i~~e concentrations in brain tissue lower seizure 
threshold, and drugs which increase these levels increase threshold.* These data have suggested that a 
rel~~tior~sl~ip exists hetwcTn brain rnot~o~~rnine metabolism and seizure activity. Tu investigate this, we have 
studied the etlects of pentylel~et~tr~~~o~ alone and in conjunction with seizures on brain monoamine meta- 
holism. We have estimated the effects of pe~t~lenetetrazol on the metabolism of monoamines in feline 
brain tirsuc in r.ilrt :tftcr doses which did littlc to change hehaviour and after those which produced frank 
clonic con\ tilsionu. Recausc changes in monoamine mctaholitc concentrations in cerchrospinal &lid 
(CSF)’ f are thougi~t to rctfect changes in ccmral Illclnoaminc-tncciiat~d a&city. we have examined theso 
metabolitcs in serial samples of cisternal cercbrospinal fluid of the cat. 

Cats were edged i~~iviclti~ll~ in a room ln~~intained at 23 -24< with lights on from 7:oO am. to 7:00 p.m. 
They wet-l: ohservcd. and rectal ternp~r~ltljre was monitored from 9.00 a.m. to 6.00 p.m. during control and 
experimental periods. Cats were divided into four groups and cnnnulas were implanted” into the cisterna 
magna which pcrmittcd repeated sampling of CSF from the unanesthetized animal. We assayed’,” for the 
major brain metabolites of S.h~drox~tr~ptamine and dopamine. S-h~droxyindol~~eti~ acid (5-HIAA) and 
ho~~o~~ni~l~e acid (UY A), respectively. which exit from brain via CSF.’ During a control period, I.0 ml 
samples of CSF were withdra~~n (four to five:day) at intervals not less than 2 hr. ~xperimen~i samples 
were ~vithdra~vn at the same times of’ day used in the control period and the percentage change from cun- 
trnl absolute concentration was ~ndivicilia~l~ determined for each cat. Thus, each cat served as his own 
contrt~l. The mean and xtrintion ol‘ the c~porimcntal samples for ash <roup and for similar times of day 



1224 Short communications 

were calculated and compared to the variation of the control samples l’or that group ol’ cats usmg the 
paired r-statistic. 

An analysis of variance on the sampIes withdrawn during the control period showed that S-HIAA and 
HVA did not change significantly from the values of 1174 + 14.1 ~cgiml and 1214 t 12.8 (rg;ml, respect- 
ively (eighty samples of CSF obtained from eleven cats; mean i S. E.. n = 1 I), after saline injection. Not 
was the concentration of these metabolites affected by the frequency of sampling nor by the time of day. 

Pentylenetetrazol was administered intraperitoneaJly in non-convulsant (IO mgkg or 20 mg:kg). thres- 
hold (30 mg/kg) or convulsant (50 mg,‘kgf doses. and CSF was withdrawn 0.X. 2.4. 6 and 24 hr after injec- 
tion. 

The lowest dose of pentyfenetetrazol produced no changes in behavior, rectal temperature or signi~cant 
alterations in metabolite concentration in CSF. The dose of 20 mgikg produced agitation and panting, 
which lasted for 3045 min; the rectal temperature dropped I ,O to 1.5’ in 45 min. but returned to control 
values within 2 hr. The top panel of Fig. 1 shows that this dose of pentylenetetrazol increased the 5-HIAA 
concentration but not that of HVA. The S-HIAA concentration reached a maximum of 102.8 i 47.3 per 
cent (mean of three cats k S. E.) 4 hr after injection and remained above control values 24 hr later. Ani- 
mals receiving 30 mg/kg of pentylenetetrazol demonstrated, within 2 min. a “pseudoconvulsion”’ charac- 
terized by clonic motor movement and vocalization which subsided within I5 min. Signs of sympathetic 
stimulation (viscous salivation, mydriasis, panting and pilo-erection) were prominent for a 30 min period. 
A maximal decrease of I.0 to 15? in rectal temperature occurred within I hr after injection and returned 
to control values within 4 hr. The middle panel of Fig. I shows that the same dose of pentylenetetrazol 
increased the 5-HIAA levels to a maximum of 44.1 i. 63”,, (mean of four cats 3r S. E.) in 4 hr and that 
it remained elevated 24 hr later. A rise of 26.8 I 17.1 per cent in HVA levels was also seen 2 hr after injec- 
tion; however. this was transient and did not remain elevated 24 hr later as did 5-HIAA. Frank clonic 
convulsions involving all limbs. as well as the head and tail, occurred within 3 min in all cats receiving 
the highest dose of pentylenetetrazol. These seizures lasted several min, after which the cats exhibited 
depression, panting and a reduction in rectal temperature of I.5 to 7.5 which returned to control values 
within 4 hr. The bottom panel of Fig. 1 shows that this dose resulted in elevated levels of 5-HIAA and 
HVA ihc following d;i>. 

30 q/kg 

FIG. I. Etrect of three doses of pentylenetetrazol (PTZ) on 5-HIAA (-- ) and HVA ( ) in cerebro- 
spinal fluid (CSF) obtained from the cisternn magna of cats. Rcsponscs to 20. 30 and SO mgskg. i.p.. are 
shown in the top, middle and bottom panels respectively. Each point represents the average percentage 
change for three to four cats i SE. Significant differences from control samples have been labeled with 

an asterisk (*I where P is at least less than 045. 



These results show that p~~~tyiel~etetrazoi admin~st~tion resulted in greater elevations of brain S-hyd- 
rox~tr~ptamin~ ~l~et~ihol~s~~~ than that of ~iop:~rnin~. 411 analysis ;rf variance of the changes in Z-HIAA 
levels showed that the responses to the various doses of p~11t~I~~l~t~tr~l~oi are not different. We believe 
these initial responses to be more a function of hod) temperature than ~ntylenetetrazoi dosage, because 
previous work’” showed that a reduction in body temperature increases 5-HIRA concentration, but not 
HVA levels. in fluid from the cisterna magna of cats. Present results are in agreement with the previous 
findings and suggest that initial changes in 5-HIAA levels may be attributed to the secondary effects of 
pcntylenetetrazoi on body temperature. Since dopamine metabolism wasincreased only after convulsions. 
the change may be secondary to convulsant activity. There was a rise of HVA of short duration after the 
dose of 30 mg’kg which may indicate that non-convulsant doses of pentylenetetrazol (somewhat greater 
than 30 mg;kg) could indeed promote dopamine metabolism. 

Even though 70 per cent of an injected dose of pentylenetetrazol is excreted in 24 hr in rats and man,’ I 
it is not clear whether the elevation of 5.h~dro~~tryp~amine metabolism for 24 hr is due to residual drug 
action or to persistent changes in neuronal activity. It is clear, however, that the increased 5-HIAA 24 hr 
after injection cannot be attribtlted to temperatLlre alteration since increases after a decrease in body tem- 
perature persisted only 2-4 hr.‘” Changes in brain function enduring for at least 90 days have been 
reported after repeated injections of pent~Ienetetra~o1 in ratsi 

Our results suggest that pent~Ienetetrazo1 in non-convuj~nt doses increases the metabolic activity of 
central 5-h~droxytryptamine systems for a period greater than 24 hr while not affecting dopamine systems. 
The fact that HVA is not affected at the lower doses does not rule out a selective action of pentylenetetra- 
zol at a site other than brain (e.g. acid transport system). This seems unlikely, however, because 5-HIAA 
and HVA utilize the same acid transport svstem to exit from CSF.i3.i4 and if oentvlenetetrazol altered 
the efficiency of this system, one would expect an increase in both metabohtes. Addctional evidence sup- 
porting our conclusion is based on the observations that 5-HIAA in CSF originates from central rather 
than peripheral metabolism and that S-HIAA in CSF parallel those in the cerebral narenchvma.“.‘5-‘9 
Convulsions after pentylenetetrazol injection cause a non-specific increase in the meiabolism’of monoa- 
minergic systems indicated by the rise in both dopamine and 5-hydroxytryptamine metabolites in cere- 
brospinal fluid. It is possible that pentyienetetrazoi ~911 be used to seiectively increase brain 5-hydroxy- 
tr!pt:imins mctaholism while not ;tfIecting dnpamine n~el~ih(~~i~ln. 

Afk,lowlelfileta~11r,s--This research was supported by USPHS Research Grant US 10475. We thank Ms. 
Lorraine O’Conner for her technjc~il assistance. 
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