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(}tl_: of th,' major pr I lores which has ,'-m- significance of these observ-ttions with regard to

ptieated the study of the centr'd nervous systtun the mechanism ,ff a('tion of serotonin is discussed.

et_eets of serotonin (5-hydroxytryptamine) is the

retstiwqy low level of penetration ¢,f this sub- METHODS. Drugs were tested in adult male

stance into the brain after systemic injection :tlbino rats (Sprague-I)awley aad Wistar sir:tins),
" :,dull male and female .albino rabbits, and adult

i (Udenfriend et al., 1957; Shore ct al., 1957). re:tie and fern.de Macaca nnllatHt monkeys. TheUdenfriend and co-workers (1957) att,'mpted to f, dlowing drugs were inveslig'Jted: tryplanfine
ol't_reOllle this problem by Chit)loving the l)re- h_,lrochl(wi<le 5-hvdroxvlrvpt'mfine creatinine[ - . . . :

euraor of serotonin, 5-hydroxytryptophane (5- sulfate (serotonm ereati,finesulfate); dl-5-hy<lrox-

HTP) to build up br:dl! levels of serotooin, y_ryptophane i5 tITP); d:.tmphetamine sulfate

Although these workers demonstrated that sys- !l>exedrine); /-ephedrine sulf'tte; pentylene-

temie injection of 5-HTP did eventually raise tetrazol (Metrazol); strychnine sulfate; picro-

brain serotonin lew.ls, Bogdanski and co-workvr_ toxin; methylphenidate hydrochloride (Ritalin);

(1958) reported that intraperitoneal injection ,_f l)il)radro[ hydrochhwide <Meratran); t_-phenyl-
isopropyl hydrazine (JB-5t6); iproniazid phos-

llhia substance into rats in massive doses (5IX) t(,

_ mg/kg) phate (Marsilid); c:tfleine; nikethamide (Cor.t-produced OlllV Illi](I e0'e(

umber of investigator_ have rt.l)Ort,,,l that mine); mesc'dine sulfale; d-lysergic aciddiethylamide II.$1)-:25); d-bromo-N, N-diethyl-

:;tamine act._ at many of the s'mn' t. ri/d_eral ]y_ergamide (B()I. 1t8); chloqwomazine hydro-
'_Rptx)r sit._s as does serotonin, but with less chloride (Thorazine); Irithmperazine dihydrochlo-

:_se_ effects (Gaddum. 1953; W(.dh,v and rid,, tStelazine);proehl.rper.Lzinedihydrot:hloride

81_¥, t95a,; Ginzel anti Kotteg,.l:t. 1953; "ttld ,(',,n,p:tzin(,); reserpine; phenob:trbit.d sodium;

raAny others). A('cordh_gly, we i)rovveded to in- dil)henylhydantoin sodium (l)ilantin); trimeth-

vt,_tigate the effects of tryl)tam'dne on th,' t,m_tral a(tione (Tri(lione); 3-(2-anfinoethyl) l-benzyl 5-

nervous system, working on the i_yl)othe.gs that nmth(,xy-2-methylindole hydrochloride (BAS);

tryptamine could also conceivably be effective morphine sulfate; phenoxybenzamine hydrochlo-
• ride (l)ibenzyline); N-_,3'-,limethylaminopropyl)

in activating brain, serotonin rec(!l)tors. This ,(,- imin(.tibenzyl hydrochloride (imipramine hydro-

port is concerned with a number of observ:_ti(ms chloride); benactazine hydrochloride (Suavitil);

made on the effects of various drug> (m the meprob'mmte, (Miltown); gamma _mfinobutyric

central effe(ts of tryptamine. In :_,hliti.n, the a('i(l (GABA), With the exception of reserpine, the

dru_s _hich were administered intravenously _ere

t Wo(dley and Shaw (1957a) have .tlso presented solubilized in O.!)_]Cs'dine solution. Reserpine was
evidence which s_.lggests that tryplamine and
aerotonin have separ:tte receptors, l)ogs given first solubilized in "t vehicle eotttainiug citric and
BAg failed to exhibil a presser re*p.nse afler asc()rbic acids, polyethvleue glycol 400 and _ater.
intravenous serotonin, _vherea.., a pn,s..r ,',..p(mse This s(dtttiou wzts diluted to proper strength with
to tryptamine was seen. These results may }.m saline.
ever, be interpreted in another way. If tr3pt atnine

and serotonin do share the same receptor, it is i{F_,tU.T_. The overt cffe,_ts t)rodueed by the
eonceivable that a sllbsl_).noe S/lob as BAS ma 3
block a portion of the receptor, for ex'tmple the intravenous 'tdministration of tryptamine, sere-
part which fits the t_ydroxyl group of ser_lonin, lenin, _r 5-t1"1"[ ) in r'tts .ire sununarized in table

thus preventing the attachment t,y s_,rolonin. 1. In Kcnera[, S to [0 rats were tested at each
whereas the receptor may remain responsive to
tryptamine which has no hydroxyl gr,,up dose. Ea('h of the agents tested l)roduced similar
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TABLE 1
t0CD

Overt effects of intravenous tryptaminc, serotonin _ $8- /
and 5-HTP in rats _ /

/

Drug Dose ...............

Observations ST- •

D 6_-

Trypta- ] 1-40 i Blanching of blood yes.Is of ears and paws

mine 2 5-40 i folh)wed by marked hyperemia _ 50-, I Hypotonia bradypnea and exophtl_.tlmia 1:
0-40 I Body tremors, b In(era placing type clonic _ 58-

movements of forepa_, hunching of the _ 25-back

40 Backward locomotion, Straub tail, marked

bmdypnea and dyspnea, severe asym- _ CO4metrical elonic convulsions, several rats
ahm exhibited asphyxia] convulsions and

death * i
- 5 'T_, I0 2025 ,_

Serotonin 0.1-5 Blanching of blood ve_aels of ears and pawn OOSE- mg/kg (Log F_ole)
followed by marked hyperemia, brady I,

ne_t and dyspnea Fit;. l. Per cent of rats exhibiting 3 seconds or
0.5-5 Hypotonia, inactivity more of uninterrupted clonie seizure activity after

- Flaccidparafysiaof hind limbs intravenous injection of various doses of trypta-
Marked cyanosis followed by severe as- mille.

phyxialelonicconvulaionsanddeath The dose of i ryptamine which would be ex-

100-400 peered 'tocause convulsions in 4% of rats (CD4)

5-HTP 50 Noovert etTect_ Is 5 mg/kg; the dose which would be expected to
Delayed (2 minute_afterinjection)onset c,%use convulsions in 98% of rats (CD98) is 40

of hypot_)nia, decrea_md locomotor tin- mg/kg.
tivity, blanching of ears and pa'_sfoi-

l lowed by hyperemia
1400 Bradypnea and dyspnea 5 mg/kg anti 40 mg/kg, respectively. In order to

verify the_ closes, an axtditional 20 rats were

injected with each d(rse: 0% responded with
overt effects at the periphery, including blanching convulsions to the CD4, whereas 100% responded
of the extremities followc_l by a sustained peric_t with convulsions to the CD98.

of hyperemia. Tryptamine differed from the other Investigation of drugs as tryptamine potentiatars.
compounds in that it caused bilateral placing-tying' All drugs were tested at their time of peak effect
clonic movements of the forepaws, whi,'h was determim_l in the following manner.

Various closes of tryptaminc 2 wt,rc injected Five ,)r more groups of 5 rats each were first

intravenously into groups of 8 or more rats and treated with drug. Each group was injected in-
the number of anim-ds responding at each dos(, trav_,nously with the CD4 of tryptamine at
with 3 seconds or more of uninterrupted clonic various time intervals thereafter, and the per
seizure activity uns deter,tined. Depending on tht. cent of rats which responded with 3 seconds or

close administered, this seizure may vary from :t more of uninterrupted clonie seizure activity
3-second period of unilateral or bilateral clonus determined. Drugs which caused seizures in 20%
of the forepaws to 30 or 40 seconds of clonus r,f or more of rats were investigated further in the
I×)th forepaws anti hindpaws ending in a loss of folh)wing manner. Three or more groups of 8
balance. The per cent of animals exhibiting such t_) l0 rats were treated with various doses of each

convulsions was plotted (in probits) against the drug and injt,ctt.d intravenously with the CD4
logarithm of close and a straight line fitted t_) the (,f tryptamine at the time of peak effect. In the

points. The results of this experiment are illus- case of iproni;tzid, for example, the time of peak
trate(l in figure l. From this d(_s(,-response curve effect was (leterntin_t to be 18 hours after oral

2 (loses were selt'cted, the convulsant dose-4 administration. Groups (fir to 10 rats pretreated
(CD4) and the convulsal,t dose-98 (('I)98), i.e., l,_ hours earlier with oral dose.s of 5, 10, 25 and
the doses of tryptaminc which ('mild be expected _) m_c/kg of iproniazid, exhibited a 10%, 50_:_,
to cause convulsions in 4C"cand 9,_c_, respectively, 100% aml 100')_ incidence of convulsions, re-
of animals tested. These doses were found to b(' spectively, afWr injection with a CI)4 of trypta-

2Concentration- 2mg/ml of saline, mine. These percentages were plotted against
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TABLE 2

• " Effect of various drugsinaSratstryptamine potentiators

Drug Admini- Time of

_ stration Peak Effect Dose ten-

tia-
tion

,,| .,/k,
Q. Strychnine sulfate Oral 15 to 90 min 5 0

Picrotoxin Oral 15 to 180 min 15 0

_ IO. Caffeine Oral 3 hm 300 12.5

_ Nikethamide Oral 30 rain 300 28Cocaine tICI Oral 15 to 180 rain 120 0

5 tO 2_ _ d-Amphetamine Oral 30 rain 16 20
_ IPtqONIAZID - mg/_ (lOg Scare) sulfate

FiG. 2. Potentiating effect of various oral doses Methylphenidate Oral 15 rain 60 10
of ipronia_id on tryptamine-induced convulsions liClin rats.

Iproniazid was administered orally 18 hours Pipradrol H(?I Oral 3 hr 60 37.5
prior to the intravenous injection of a convulsant
dose-4 (CDd) of tryptamine. The ED50 is defined
as the dose of iproniazid effective in causing 50% LSD-25 Oral 15to120min 12

0

of rats to respond with seizures after injection
with the CD4 of tryptamine.. BOL-148 8tab_n£ua IS to 60 rain 3 0

log-dose, as shown in figure 2) Tile dost. of BAS ! Oral 3hr lOO 0
iproniazid effective in causing 50_ of rats to Iproniazid Oral 18hr EDW =

exhibit seizures after the intravenous injection I lo(o.3-
of a CD4 of tryptamine (EI)50) and 95% fiducial i 10.0)
limits were determined I)y the method of Litch- [ mg/kg
field and Wilcoxon (1949). As shown in figure 2, B-Phenyliaopropyl Oral 10hr 0.5 12.5

hydrazine (JB- 1 50
the EDS0 and 95% fiducial limits for iproni_zid 516) 2 85.5
were found to be 10 (6.3--16.0) mg/kg. 4 9o

In order to gain information about the mech- ED_0 =l.l (0.5-
anism by which iproniazid potentiated the con- 2.4)
_;ulsant effects of tryptamine, a large series of mg/kg

compounds possessing a variety of pharmaco- /-Ephedrinesulfate Oral 130 rain 5 0
logical actions was studied. A summary of the l0 10
results obtained is presented in table 2. Although 20 15

40 5O
strychnine, pentylenetetrazol, picrotoxin, caffeine 80 5O
and nikethamide were each administered in doses 120 33

which produced convulsions in some animals, is0 0
intravenous injection of a CD4 of tryptamine
failed to evoke convulsions in more than 28% of
the remaining animals. Similarly, markedly stim- significantly. BOL-148 and BAS also failed to
ulating doses of cocaine, d-amphetamine, methyl- potentiate tryptamine. It is of interest that doses

of ephedrine of 40 or 80 mg/kg produced a 50%phenidate, pipradrol or LSD-25 failed to po-
tentiate the convulsant effects of tryptamine potentiation of tryptamine, whereas doses greater

than these produced progressively less potentia-

, The 100% values were first appropriately tion. Drugs effective in potentiating the con-
corrected according to the method ofLitchfield
and Wileoxon(1949). _tllsant effects of tryptamine included iproniazid
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and JB-516..1B-516 was found t_) be appmxi- sat up on their hind legs and renlained im-
mately 9 times as potent as iproniazid by this m()bile for a period of approximately 1 minute.
test procedure. During this time they (,xhibite.d tremors of thv

Tryptmnine prodm,od effe_._s in tim _o_key he'ld "rod body and pronounced hyperemia of

whie,h were qualitatively similar to those seen in the e:lrs and paws. Rats injected with protec-
rats. Intravenous doses of 10 mg/kg an(l above tive doses of 1,8D-25 or B()L-148 and then in-
caused asymmetrical clonie convulsions followed ject('d with a CD98 of tryptamine exhibited

by intermittent tremors of the body and ex- backward locomotion, side4o-side head move-
tremities. The convulsant effects of tryptamine ments and o('casional head and body tremors.
were quantitated in this spe(*ies in a manner ED50's and 95(;; fidu,ial limits for these
similar to that described for rats. It was deter- compounds as tryptamine antagonists are pre-
mined by this procedure that an intravenous dose sented in table 3. Statistical analysis of the data
of tryptamine 4 of 5 mg/kg would l)e expected to revealed that the 3 phenothiazines tested, namely
indu('e convulsions in 1% of monkeys (CD1). ehlorpromazine, pro('hlorperazine and trittuoper-
In order to determine whether iproniazid was azine, did not differ signifieantlyfrom oneanother
orally active in the nlonkey, a tryptamine po- in tryptamine antagonist potency (P > .05).
tentiation experiment was performed similar to Similarly, LSD-25 and BOL-148 were found to
that described for rats. No attempt w,ts made to be equivalent t_) each other in tryptaminc an-

det_rmine the time of peak tryptamine poten- tagonist poten('y both orally as well as subeuta-
tiating aetivity ()f iproniazid, nor to quantitate neously. Doses of BOL-148 effective in antago-
its potentiating activity in this species. Each of nizing tryptamine failed ix) produce any overt
4 monkeys pretreated 5 hours previously with an effects. In contrast, doses of LSD-25 effective
oral dose of 100 mg/kg of iproniazM exhibite(1 in antagonizing tryptamine also caused pilo-
clonic convulsions after intravenous injection with erection, increased locomotor activity, disorienta-

the CD1 of tryptamine. This dose of iproniazid tion, head and body tremors, etc.
alone failed to produce any overt effects. Antagonism of tlw convulsaut (ITects indt(ced by

Investigation of drugs as antagonists of conwdsant 5-H T P in rats pretrealed leith iproniazid. In view
effects of trgptamine. The procedure employed in of the findings of Bogdanski and co-workers
these investigations is similar ix) that described (1958) that pretreatment of rats with iproniazid
under tryptamine potentiators except that a markedly potentiates the stimulant effects of
CD98 of tryptamine _ was employed and drugs 5-HTP, several rats were treated with an oral
were tested for their ability to prevent 5 seconds dose of 50 mg/kg of iproniazid and 20 hours later

or more of uninterrupted clonic seizure activity, injeetx, d intravenously with a dose of 50 mg/kg
The ED50 is defined as the dose of drug effective of 5-HTP. The following effects were observed.

in preventing such seizures in 50% of rats. The rats at first exhibited a marked increase in
Large oral doses of phenobarbital, diphenylhy- locomotor activity and curiosity. This wag fol-

dantoin, trimethadione, meprobamate, reserpine, lowed, in 3 to 5 minutes, by shaking movements
GABA, phenoxybenzamine, benaetazine, mesea- of the head and an asymmetrical placing-type
line, 5-HTP, serotonin, BAS, morphine, or imipra- elomls of the forepaws. The clonus lasted for a
mine failed to antagonize the convulsant effects minute or longer and was followed by a sustained

of tryptamine. (!ompounds effective in antag- episode of body tremors. The clonic seizures ob-
onizing tryptamine included ehlorpromazinc, served were strikingly similar to tho_ seen in

prochlorperazine, trifluoperazine, LSD-25 and rats injected with eonvulsant dosesof tryptamine.
BOL-148. Although rats pretreated with these The eonvulsant effects of 5-ItTP in iproniazid

compounds failed to exhibit characteristic elonie pretreated animals were quantitated in the fol-
seizure activity, their behavior after injection of lowing manner. Thirty rats were treat_l -rally
tryptamine was quite unusu'(l. For example, rats with a close of 50 mg/kg of iproniazid and divided

pretreated with protective doses of chlorproma- into 3 _rout)s of l0 rats each. Twenty ho_,r_ later

zinc, pmehlorperazine, or trifluoper,'Lzine, and these groups of rats were injected intrav,'1_)usly

then iniected with the CD98 of tryptamine with doses of 25, 35 and 50 mg/kg, re_l_,etively ,
of 5-HTP. The end point for a convulsion was

Concentration - 20 mg/ml of water.
s Concentration - 8 mg/ml of water, taken as 5 seconds or more of uninterrupted c]oniv
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seizure activity" o('curring during tile 15-minute TABLE 3
period followii_g the injection of 5-HTP. These Activity of various compounds in antagonizing
doses of 5-11'1"1) pr, Mueed an incidence of con- _ _ . tryptamineconL'Ssionsi n rat_s....

vulsions of 0, 62.5 and g7.5c't, respectively. These I Routeof!
dom_ and per_,entage responses were plotted on Drum 'l Admn- ! Time of Pro-
log-probability paper and tile dose of 5-HTP ]i stratio n ,[ Peak Effect Dose tee-ted

which could be expected to effect convulsions in : .... ,,_/kg
98% of rats pretreated with 50 mg/kg of ipro- Phenobarbital Oral lto3hr 104) 0
niazid (CD98) determined to be 55 mg/kg.

BOL-148 wa._ then tested for its ability tt) l)iphenylhydan Oral _jt_3hr 100 0
t( _in

prevent convulsions induced in rats pretreated
with iproniazi, I and later inject_d with 5-HTP. Trin,ethadion_, Oral 1to 3 hr 500 0
Ten rat,_ wer_ treated orally with iproniazid, 50

Mel)robatttate Oral _ to 3 hr 300 0

mg/kg, and 20 hours later injected subcuta-
neously with 3 mg/kg of BOL-148. Thirty Re_serplne Oral l to24hr 8andS0 0

minuh_ afar the injection of BOL-148 (time of Chh,ri ......... ine Oral 3 hr EDSO = Q

peak effect) the rats were injected intravenously (s.a-
with the ('I)98 of 5-HTP. Five of tim 10 rats Is.3)

mg/kg
treated in this manner failed to exhibit con-

vulsions, which indicates that BOL-148 was effec- eroehlorperazine Oral 4_ hr EDS0 =

tire in preventing seizures induced by the eom- 11.2(8.5-15)

bination of iproniazid followed by 5-HTP. ,ng/k_
Reversal of reserpirtv-induced depression by

tryptamine infusion in rabbits. A summary of the Tri,,,., .... m+ O_,,1 3 hr EDS0= 14,(11.7-16)

effects of an intravenous infusion of tryptamine mg/kg

alone as well a.s in combination with iproniazid C.AB.X O_al 1to a t,_ 40o 0
and/or reserpine in rabbits is presented in table
4. Groups of 4 or more rabbits were treated with Phew_xybenza- Oral :l hr 400 0
each drug or combination of drugs. The observa- mine {tCI
tions summarized in the table demonstrated that BenaetazineIICI Oral 3hr 10) 0

tryptaminc produced effects in rabbits qualit:L-
Mescaline 1t(3 Oral 3 br 2{)0 0

tively similar to those seen in rats, Of considerable
significance was the fact that tryptamine was 5-HTP Oral 3 hr 400 0

extremely effective in reversing reserlfilw-induee,t Serotonirt ereati- Oral I to le, hr 4(g_ 0

-depression in this species, although the effects nine sulfate

were of sttort duration. When, however, trypta-
mine was infused into reserpinized rabt)its which _as Ors, 2 hr 400 0

had been later treated with iproniazid, the Morphinesulfate Oral _toahr 200 0
reserpine-reversing action of tryptamine was t×_th
markedly poR, ntiated and prolonged, r,,_ip,,_,,,i,_uc't o_l a hr m0 0

DI,c_2USSION.The intravenous injection of either Lsl)-es Oral 30,,m _u_ = z_
serotonin or tryptamine into rats resulted in (22-28)

mg/kg

similar overt peripheral effects, characterized by

initial blanching of the ears and paws, followed LSD-es Subeu 15rain EDS0 =
tan_ms{ 1.4(0.9-

by a sustained period of hyperemia. This sim- 2a)
ilarity of effect may _ attributed to activation m_/kg

of similar peripheral receptors as originally postu- _OL-14S Oral a0 ,nin Er)50 = 2a
In,ted by Gaddum (1953), Woolley and Shaw (18-30)

(1953), and Ginzel and Kottegoda (1953). I ,_g/k,
Although both tryptamine and serotonin pro- Bot,q4s Subcu- 30 rain EDS0

duced convulsions in rats, serotonin-induced con- taneous' 12(0.7-

vulsions were obviously asphyxial in origin, since 22)
they occurred only after a sustained period of ....... mg/kg
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TABLE 4

Effects of tryptamine alone and in combination with iprordazid on reserpine-induced depression

of rabbits

Drug(s) Administered Dose Observations !

mg/kg i.v.

Tryptamine (infusion) 1.5 mg/ Mydriasis, decreased curiosity and locomotor activity

kg/min
2-3 nag/ Clonic convulsive movements of forepaws after 5 to 10

kg/min min

Reserpine 5 Prostration, marked ptosis and miosis, occasional spon-
taneous clonic convulsive movements

Reserpine 5

Tryptamine (infused 3 to 4 hr 1.5 rag/ After 1 to 2 rain of tryptamine infusion, the reserpine in-

after reserpine administra- kg/min duced prostration; ptosis and miosis were reversal;

tion) rabbits again exhibited normal exploratory behavior.
They remained alert as long as the infusion was con-

tinued. Approximately 2 min after the infusion was

stopped, the characteristic reserpine depression again
became manifest (ptosis, miosis, prostration, etc.)

Iproniazid 50 Slight to moderate mydriasis

Iproniazid 50

Tryptamine (infused 6 to 8 hr 0.1 mg/ Twenty sec after the tryptamine infusion was begun, the
after administration of ipro- kg/min rabbits exhibited a slight increase in exploratory be-
niazid) havior and brief intermittent pushing movements of

the forepaws. Increasing the dose of tryptamine to 0.2
mg/kg/min exaggerated these effects.

Reserpine 5

Iproniazid (administered 4 hr 50 Prostration, marked ptosis, miosis, occasional sponta-
after reserpine) neous convulsive movements

Reserpine 5

Iproniazid (administered 4 hr 50 Approximately 20 sec after the infusion was begun, the

after reserpine) reserpine depression was reversed. Animal_ a_um_ a

Tryptamine (infused 4 hr after 0.1 rag/ normal posture, ptosis and miosis were no Ion_ pres-

administration of iproniazid) kg/min ent. When the tryptamine infusion was stopped shorgly
after arousal, the rabbits remained alert far _ hr or
longer. When, however, the tryptamine infusion was

continued after arousal, the rabbits went on to exhibit
typical tryptamine convulsions

Iproniazid 50 Rabbits treated in this manner failed to exhibit the _me

Reserpine (administered 4 hr 5 degree of reserpine depression as caused by this d¢*_ of

after iproniazid) reserpine alone.

dyspnea followed by apnea, and were always serotonin failed to produce direct overt central

_ccompanied by distinct cyanosis. Udenfriend effects. Tryptamine-induced convulsions, in con-

and co-workers (1957) have reported that sys- trast, did appear to be central in origin. Evidence

temicaily injected serotonin does not readily favoring this view was the fact that no _ of

penetrate into the brain which may explain why respiratory embarra_ment such as dyspnea or
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cyanosis were present prior to their onset. In seizures induced by either tryptamine or 5-HTP
addition, phenoxybenzamine which has been dem- in combination with iproniazid. In addition,
onstrated to antagonize effectively several pe- BOL-148 was found to be an effective antagonist
ripheral actions of tryptamine, including con- of convulsions induced by either of these pro-
tractile effects of tryptamine on the rat uterus cedures. Experiments performed with reserpine
and pce_sor effects of tryptamine in dogs (D. also support this hypothesis. The failure of
Tedesehi, unpublished), failed to antagonize the reserpine to antagonize tryptamine-induced con-
convuh_ant effects of tryptamine. This provides vulsions suggests that reserpine does .not block
a further indication of a central mechanism of brain receptors activated by tryptaminc. Trypta-
action for tryptamine, mine, however, was effective in reversing re-

Since serotonin did not readily penetrate into serpine-induced depression. Shore and co-workers
the central nervous system, Udenfriend and co- (1957) have reported that reserpine causes a
workers (1957) employed 5-HTP to increase pronounced depletion of brain serotonin levels,
_rotonin brain levels. These investigators dem- which may serve as a possible explanation for the
onstrated that 5-HTP readily penetrated into effects observed in the present experiments.
the brain, after systemic injection, where it was Under these circumstances, reserpine would not
rapidly decarboxylated by 5-HTP decarboxyla_e be expected to antagonize tryptanfine, whereas,
to form serotonin. In addition, they reported that if tryptamine did indeed activate brain serotonin
pretreatment of rats with iproniazid followed by receptors it would be expected that tryptamine

the iniection of 5-HTP markedly increased brain would reverse effects resultant from brain sero-
serotonin levels. In view of these findings, it is tonin depletion, namely reserpine-induced de-
suggested that the convulsions observed in rats pression. (Other mechanisms by which reserpine
pretreated with iproniazid and later injected in- may act to produce its depre_ant effects such as

travenously with 5-tITP may be attributable to .depletion of brain catecholamines must, of course,
inereased brain scrotonin levels. This explanation continue to I)e considered.) The transient nature

could account for the observed delay in onset of of the reserpine-reversal effected by tryptamine
convulsions (3 to 5 minutes) seen in rats treated may be attributed to the rapid destruction of
in this manner. This delay presumably reflects tryptaminc by monoamine oxidase, since in the

the time required for decarboxylation of 5-HTP presence of iproniazid, tryptaminc effected a sus-
to serotonin in sufficient quantity to reach a tained reversal of reserpine-induced depression.
convulsant level in the brain. Although the 5- Three of the many possible mechanisms by

HTP-iproniazid combination was quite effective which a drug might act to potentiate the con-
in inducing convulsions in rats, massive doses of vulsant effects of tryptamine are: a) by prevent-
5-HTP alone were ineffective. This observation ing the inactivation of tryptamine through in-

suggests that the time required for the conversion hit)ition of the enzyme system responsible for its
of 5-HTP to serotonin is equal to or greater than destruction, i.e., monoamine oxidase; b) by sub-
the time required for the destruction of serotonin liminal stimulation of the same receptor sites
by monoamine oxida.se. Consequently, in the that are activated by tryptamine; and c) by
absence of a monoamine oxidase inhibitor, brain stimulating other parts of the nervous system,
levels of serotonin sufficient to cause convulsions thus lowering the threshold for tryptamine stimu-

may not be reached. When 5-HTP is injected into ]ation.
rats pretreated with a monoamine oxidase in- Both of the compounds demonstrated to be
hibitor (iproniazid), the destruction of serotonin potent tryptamine potentiators, namely, ipro-
by this enzyme is inhibited, thus permitting suffi- niazi<t and ,11_-516, have also been demonstrated
cient concentrations of serotonin to accumulate to be potent in vit,o inhibitors of monoamine
to induce convulsions, oxida_se (ipr, niazid, Zeller and Barsky, 1952, and

Assuming that increased brain serotonin levels ,IB-S16, Horita, 1958). Since Scbayer and co-
are responsible for seizures induced by the corn- workers (1954) reported that tryptamine is

bination of 5-HTP and iproniazid, it may then be metabolized almost entirely by monoamine oxi-

postulated that tryptamine and serotonin aeti- dase, this may be taken as presumptive evidence
vate similar brain receptors. Evidence favoring that these drugs may be potentiating tryptamine

this hypoth_is is the striking similarity in by preventing its destruction. The possibility
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nevertheless exists that these drugs might also be duced behavioral changes in mice with LSD_25
acting by one of the other mechanisms described and then reversed these by injecting serotonin
above. In order to explorc mechanisms b) and directly into the brain. These workers felt that

c) a number of central nervous system stimulants this was evidence of interference by serotonin
were investigated. It was quite surprising that in mental disturbances resulting from administra-
barely subconvulsant doses of pentylenetetrazol, tion of LSD-25.

picrotoxin, strychnine, caffeine, and nikethamide, If the hypothesis is accepted that tryptamine
failed to potentiate tryptamine convulsions, in produces its stimulant effects by activation of
addition, doses of d-amphctamine, pipradrol, serotonin receptors in the brain, prevention of
cocaine, methylphenidate, and LSD-25 which in tryptamine convulsions should provide an excel-
themselves produced marked CNS stimulation lent means for testing agents which prevent the

also failed to Dotentia_ tryptamine. The DOS- activation of brain serotonin receptors. Working
sibility exists that these stimulants influence parts under this assumption, a large number of corn-
of the CNS which act independently from areas pounds encompassing a broad spectrum of phar-
stimulated by tryptamine, and therefore fail to macologic activity was investigated. Three anti-
act jointly with tryptamine, convulsant drugs were tested to determine

The results obtained after oral administration whether such compounds would antagonize tryp-
of ephedrine were quite unexpected. Although tamine convulsions, possibly by a nonspecifie
Gaddum and Kwiatkowski (1938) proposed that anticonvulsant action. The failure of large doses
one of the possible mechanisms by which ephed- of phenobarbital, diphenylhydantoin, or tri-
rine potentiates the vasoconstrictor response to methadione to prevent the tryptamine convul-
epinephrine was by monoamine oxidase inhibi- sions provides evidence which favors a selective

tion, several objections to this hypothesis have type of stimulation, since the doses of phenobarbi-
been raised (Richter and Tingey, 1939; Jang, tal employed are known to prevent convulsions

1940). More recently, Schayer and co-workers induced by a variety of convulsant agents. The
(1954) reported that ephedrine was a poor failure of BAS to block the convulsant effects of

monoamine oxidase inhibitor in intact animals, tryptamine may possibly be attributed to the
The results of the present investigation support failure of this substance to penetrate into the
this conclusion, since markedly stimulating doses brain. Indirect evidence favoring this view has

of ephedrine were required to produce a 50% been reported by Woolley and Shaw (1957b).
potentiation of tryptamine. The explanation for However, the possibility also exists that corn-
the progressive decrease in incidence of convul- pounds which block the peripheral effects of
sions with increasing dosage above 80 mg/kg serotonin may not necessarily block the central
remains obscure, however, effects of tryptamine and v/ce versa (D. Tedeschi,

Unfortunately, biochemical techniques are not unpublished).

useful for demonstrating whether a drug prevents It was of considerable interest that chlorproma-
serotonin from activating its brain receptor sites, zinc, prochlorperazine and trifluoperasine pre-
since in this situation changes in the concentra- vented tryptamine convulsions. A number of

tion of brain serotonin or its mctabolite would not investigators have reported that chlorpromuine
be expected to occur. Although LSD-25 has been is a serotonin antagonist when tested for this
postulated to act by antagonizing brain scrotonin, effect at peripheral receptor sites (Gyermek,
the evidence favoring this hypothesis has been, 1955; Costa, 1956). In addition, it has been

of necessity, indirect. For example, Gaddum observed (D. Tedeschi, unpublished)that chlor-
(1953) made this proposal on the basis of the promazine produces an insurmountable and ca-
antagonistic effects of LSD-25 against serotonin sentially irreversible blockade of the contractile

on the rat uterus. Shore and co-workers (1955) effects of serotonin on the rat uterus. It is, there-
potentiated hcxobarbital with rescrpine and pos- fore, not unreasonable to speculate that a similar
tulated that the mechanism of this potentiation type of antagonistic a_:tion may occur in the
involved release of serotonin by reserpine. LSI)-25 central nervous system.

reversal of the reserpine-induced potentiation was There appears to be a Door correlation between
attributed to antagonism of the released scrotonin the effectiveness of phenothiazines as tryptamine
by the LSD-25. Woolley and Shaw (1957b) pro- antagonists and their effectiveness in the condi-
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tioned response test. For example, although tr'd nervous system stw,gests the possibility that
chlorpromazine has been reported to be only half tryptamine may also a('t quite indcpcn(h.ntly (,f
as potent ms prochlorperazine as a conditioned serot(min. In 'my ('as(', t)i<_chcmi('al (h,termina-
reslx)nse bh)cker (Cook and W_,idley, 1957; Cook, tions of the concentr'_tion of t,rypt'_mine present
19,_). it was found to he al)t)roximately equiva- in brain after administration of reserpine, |pro-
lent in potency t_) prochlorperazine as '_ trypt:_- ni'_zid, etc., should s('rv(, to ehwidat_, further the'
mine antagoni,-t. Trifluoperazine, whi<'h has been role of tryI)taminc in brain function.
rep(,rted to b(, almost I0 times as potent as
chh)rl)romazine as a conditioned r(,sl)(Jns(,1)locker SUMMARY
(Tedeschi et al.. 1959) was also found to be equal
in potency tA>chh)rpromazine as a tryptamine A pharmacoh>gi("d procedure is described by
•_ntagonist. B_,.ause of the relative lack nf trypta- whic]_ drugs ar[' t{_stcd for their ability to po-
mine antag_mist activity seen in rats treated with tent|ate or antag, mizc convulsions induced by

trifluoperazim,, it may be conclude(1 that this the intravenous inj('ction of tryptaminc. Drugs
component of its pharmacologic action probably effective in I)otentiating convulsqnt effects of
contributes very little toward its over-all effec- tryl)taminc inclu(h,d iproniazid and JB-51(i.

tivcness as a tran(tuilizcr, l)rugs in(,ffectivc as trypt'Hnine potentiators in-
cluded strychnine, i>('ntyh'nctetrazol, picrotx)xin,The significam'c of central tryptamine .r

_,rotonin antagonist activity with regard to the caffeine, nikcthamide, cocaine, d-amphetamine,
re(Me of action of l)Sy(.h(_therapeutic agents is |nethylphenidate, l)ipradrol, LSI)-25 and B()I,-
nr_t clearly understood. As shown in table 3, the 149;. Ephcdrim, produced signifi(!ant potentiation
great majority of drugs tested, im'lu(ling pheno- only in a r('httivcly narrc,w r'mg_, of dosage.
barbital, m(,probamate, reserpine, bena('tazine, LSI)-25, B()I,-14_, chh)rpromazine, prochlor-
morphine, imipramine, etc., were devoid of signifi- perazinc and trifluoper-tzinc wcrc dem()nstratcd

cant tryptamine antagonist l>roperties, to be effe('tiv_' in antagonizing the ('onvulsant
The finding of central tryptamine antagonist effc(.ts of trypt:tmine. In contrast, phenobarbital,

a_'tivit.v with L_;I)-25 supports (_addum's pro- dipllcnylhydantoin, trimethadione, m(+proba-
posal il954) that this drug could con('civa/>iy mate, reserl)ine, GABA, phenoxyt)enzamim,, ben-
block brain scrotonin reccl)tors. The data I)rc q('tazin(', mescal|n(,, 5-hy<lroxytrypl;ophane, scro-

,_'nted suggest, however, that this action of LSI)- ton|n, BAS, morphine and imipramine faihxl to
25 occurs independently of its psychotomimetic :mtagonize tryptamine convulsions.
(,ff('(.ts, since P,OL-148, an agent which apparently An infusion (if tryptamine into rescrpinize(l

do_ not pr(_tuce hallucinogenic effects in man rabbits effec.tivel.v reversed the ptosis, miosis an(l
(Snow et al.. 1955) was neverthch,ss quit(' effective (lepression induced by reserpine. This reserpine-
as a tryptamine antagonist. In this regard, it was reversing action of tryptamine was markedly
_}f inter(,st that doses of LSD-25 effective in potentiated and prolonged by combination with

antagonizing tryptaminc also caused pronounced iproniazid. The significance of these findings in
overt effects such as piloere('tion, tremors, et('., relation to the mechanisms of action of the drugs

i'rior to the injection of tryptamine. Effective tested is discussed.
tryptaminc antagonist doses of BOL-148, in con-
trast, failed to produce overt effects. This oh- RI,iFH_I,iNCES
servation suggests that LSD-25 is capable of BO(;DANSKI, I). F., WmSSBACU, H. ANI) UDSN-
producing a number of additional pharmacologi- FRIENI), S. : "I'HlSJ(_URNAL122" 182, 1958.(:_)OK,L. : Psychi'_t. Res. Rel). 9: l, 1(,t58.
cal actions which may occur quite independently CooK, L. AND WE]I)IA_3Y, l_].: AIIII. N. Y. A<'ad. Sci.
of its tryptamine and/or serotonin antagonist 66: 740, 1957.

C(_sI'A, E.: Proc. Soc. exp. Biol., N.Y. 91: 39, 1956.
properties. (I_)DUM,J. tt. : J. Physiol.119:363,1.q53.

The effects observed with tryptamine in the (}ADDUM,J. tt.: in Ciba Foun(htlian Symposium

present studies have been explained on the as- on tiyperlension, J. & A. Churchill, IAd.,l,on(h,n, 1954.
sumption that tryptamine acts at the same re- (;Amn_, J. H. A.\t>KWL_TK(,WSS_,tt.:J. Physiol.
ceptor sites as serotonin in the brain, which may 94: ST, 193S.
indeed bethecase" The reeent finding bv Hess and (hNZEL, K. H. AND KOTTE¢;_)I)A, S. 11.: Quart. J.= exp. Physiol. 38: 225, 1953.
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