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Abstract ~The l\omcrs of trw!lcypromine (TC‘P) rcadll) entered the rat braIn after intrapcritoneal 

administration and reached peak concentrations within IS mm. ApparentI!. (-) TCP cntercci the brain 

more rapidly and reached somewhat higher concentrations than (+ J TC‘P. After ;I dove of 2.5 mg’kg 
of (-) or (+) TC‘P. there was significantl) more drug in brain than has heen reported neccs~~r~ 
to block the re-uptake of amines b) s)naptosomes. Both isomers blochrd n~onoamine oxidase i,r r,ro 

and i/l rirro. (+ I TC‘P was betbveen IO and 60 times more actl\e than (- I TC‘P. ticpcn~ing on the 
amine \ubstrate evaluated. and both isomcra were better mhibltors of tlpc-B mono~~minc oxidase 

actlwt) than t)pc-A actiwt). The ( + ) isomer ULIS more ilcti\c in pre\L’nling rcscrpine-induced sedation 
in the rat than the (- ) Isomer. The Lthility to prevent the rescrpinc s!ndromc L\:IS apparentlr/ related 

to the ahilit> of the drugs to block monoamine ox~dax actikit! rather than to hlochadc of amine 
w-uptake 

Tranylcypromine (TCP), a monoamine oxidase in- 
hibitor that is a potent antidepressant [l], is a mix- 
ture of ( - ) and ( + ) truns-2-phenylcyclopropylamine. 
The (+ ) isomer is a more potent inhibitor of mono- 
amine oxidase, while the (- ) isomer is a more potent 
inhibitor of the uptake of catecholamines by nerve 
endings [2.3]. Is the antidepressant activity of TCP 
associated with the (+) or the (-) isomer, that is. 
with inhibition of monoamine oxidase or inhibition 
of amine re-uptake’? Several reports have implicated 
blockade of re-uptake as the probable mechanism for 
the antidepressant activity of TCP [2 41. A pharma- 
cologic test used to evaluate antidepressant drugs hi 
L+J is the prevention or antagonism of reserpine-in- 
duced sedation in rat [S]. Drugs that inhibit mono- 
amine oxidase as well as tricyclic compounds of the 
iminodibenzyl or cycloheptadiene structure are active 
in this test. Presumably both classes of drugs act by 
increasing the concentration of the biogenic amines 
at receptor sites after reserpine treatment. The tricyc- 
lit antidepressants prevent the re-uptake of released 
amines. while monoamine oxidase inhibitors delay the 
metabolism of the released amines. We present an 
evaluation of the antidepressant activity of the two 
isomers of TCP. using the antagonism of reserpine-in- 
duced inhibition of spontaneous motor activity. and 
compare this activity with the concentration of the 
isomers in brain and with the ability of the drugs 
to block monoamine oxidase. 

M4TERIALS AND METHODS 

Assay qf‘( + ) unri ( - ) tron~lcyprorninr in brain 

The assay, described previously.* is based on the 
enzymatic transfer of [‘“C]methyl from S-adenosyl-L- 

* .I A. Fuentes. M. A. Oleshanskj and N. H. Nell: 

B/oclwrt~. Phtrrn~trc~. 24, I97 I ( 1975). 

methionine[“C] to the isomers of TCP. This method 
probably measures free TCP rather than TCP bound 
to monoamine oxidase. 

Male Sprague-Dawley rats (Zivic-Miller Labs., 
Allison Park. Pa.) 18@32Og, were injected intraperi- 
toneally with one of the isomers of TCP (doses are 
expressed as HCI salts) and were killed by exposure 
of the head to a focused beam of mIcrowave radiation 
for 2.7 set (microwave oven. model LMMO. Medical 
Engineering Consultants. Lexin_eton. Mass.). Brains 
were removed and homogenized m 2.4 vol of sodium 
phosphate butl’er, 0.25 M (pH 8.0). Homogenates were 
centrifuged at 28,OOOy for 25 min and the clear super- 
natants were used for analysis. Samples of superna- 
tant (I 00 ,~l), rabbit lung N-methyl-transferase ( 100 ,tl) 
and S-adenosyl-L-methionine[“C] (New England 
Nuclear. 58 mCi:m-mole: 51~1) containing 0.1 /lCi of 
radioactivity were incubated for 90 min at 37 Dupli- 
cate samples containing internal standards of (+ ) or 
(-1 TCP were assayed simultaneously. The reaction 
was stopped by adding 0.5 ml of 2 N NaOH. and 
!V-methyltranylcypromine and !V-dimethyltranyl- 
cypromine (0.01 /mole each) were added as carriers. 
The radioactive products were extracted into jr-pen- 
tane. The organic phase was tranhfcrred to another 
tube and washed once uith sodium phosphate buffer, 
025 M (pH X.0). A 5-ml portion of the organic phase 
was transferred to a counting cial and dried under 
a stream of air. The residue was dissolved in Aquasol 
(New Englmd Nuclear) and counted in a Beckman 
LS-250 liquid scintillation counter with automatic 
quench correction. 

l.\.\UJ. 01 111~1110~1111;lf~’ o.\it/tr\c, cKtir;fJ~ 

S’rdirs in vitro. Rats were decapitated and their 
brains were homogenized in 30 vol. of 67 mM phos- 
phatc bufrer (pH 7.2). Monoamine ouidase activity 



ha5 measured ax tlcscribcd )-a\ ionsl~ with radio- 
active tyxninc[l-“(‘1 (2.1 mM). serotoninl2-“C‘1 

( I .2 mM) or 7-phen~leth~l~laminc[~l-‘J~‘] (0.7 mM) 
(New England Nuclear) as substrutcs 16.71. The 

isomers of TCP wcrc prcincubated with brain homo- 
gcnate for IS min at 70 bcforc adding substrate. after 

which the incubation was continued at 37 for 30 min 

(serotonin 30 min). The specific ratlioacti\ it! of the 

substrates was u?justcd w that 5 IO x IO’ c.p.m. of 

product was formed per samplc of honiogcnatc dui-- 

ing the incubation of untreated samples. Serotonin 

is a specific substrate for type-A monoamine oxidxx. 

l-phcnq’lcthyl3milie is a specific substrate for type-B 

cnqmc and tyramint: ih 3 common subaate. that 
is. a substrate for both type5 of cnzymc [Xl. 

Sf&ic,s in \i\o. The isomers of TCP wcrc inyxtcd 

intraperitoncally and the animals wcrc killed I5 min 

later b\: decapitation. TCP ci111 bc considcrcd as an 
irrcvcrslblc inhibitor; howcvcr. it i\ poshiblo to par- 

tially restore enqnic acti\ it> by prolonged dialysis 

rql. 

I~YIUI- or /ho-TCP. dissolved in water. was 

administered intrapcritoneull~ to group\ of five rats 

each. and after IS min reserpine (2 mg’kg) was 

administer4 intra\cnously. Rcscrpinc, X mg, was dis- 
solved in 01 ml of acetic acid and diluted to IOml 

with water. Control animals were trcatcd with so- 

bents. Thirty min after the injection of reserpinc. rats 
were placed in an infrared motility monitor (type 

160FC. Motor Products. Sweden) and activity was 
recorded for I5 min. 

RESl LTS 

The isomers of TCP readily entered brain after the 

intraperitoneal il?jcction of 1Omg:kg (59 Ltmoles!k$ 

and reached peak concentrations in about I5 mm 

(Fig. 1). Five min after injection. the concentration 

of (-) TCP was 60 per cent higher, and at 15 min 
it was 90 per cent higher than that of the ( + ) isomer. 

The (- ) isomer may have entered brain more rapidlq 

than the (+) isomer. or it is possible that (+) TCP 
was more readily incorporated into tissue com- 
ponents than the ( -- ) isomer, resulting in higher con- 

ccntrations of free ( -~ ) TCP in brain. At about 60 min 
the concentrations of the isomers were similar. When 

animal5 M crc killed I5 iii111 alicr inlectin~ Increasing 
doses of the drugs. higher concentration\ of the (- I 
isomer were found after 1.5. 5 and IO IIIF kg. but not 

after 30 mg/kg (Table I ). 

1~1 r.iti~~. 10~60 timcs hiphcr concentrations 01 ( I 
TC’P were rcquircd to block cn~mc acti\ It! hy 50 

per cent. depending on the amine \uhqtratc. ~hcn 

compared hith (+) T(‘P (Fig. 2). Morco\cr. both 

isomcr~ inhibited the dcamination of 7-phcn>Icth! I- 

aniinc at louer conccntration~ than wcl-c rcc~umxt to 
inhibit serotonin deamination. /II I ire. the I + ) IW~~~I 
was about ten timcs more acti\c than the I ~ 1 ixmict 
when compnrcd at 50 per cent Inhibitton of cnq mc 

xti\it! (Fig. 3). and the drugs blocked 2-phcn>lcthkl- 
amine deamination more readily than $erotonin de- 

amination. Furthcrmorc. the slope\ of the percentage 
Inhibition ofen?ymc activlt) cur\cs \\urc guter afiet 

( + ) TC‘P than after ( ~ ) T(‘P. 4ftcr Hugh dox\ 01 

the TC‘P isometx inhibition of cn~~.mc acti\it! 

approached similar \ alucs. 
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Fig. 3. Inhibition of rat brain monoamine ovidase activity 

;/I r~ro by (t I TC‘P (solid lincj and ( - 1 TCP (dashed line) 
uhing three amine substrates. Substrates were 2-phenyl- 

ethqlamine (AI. tyramine (0) and serotonin. (0). Ashays 
were performed as described in Materials and Methods. 
Data are prexntcd as mean i S.E.M. for four to SIX ani- 

mals. An asterisk indicates a agnificant difference 

(P < 0~05) between the inhibition of serotonin and 
2-phcnylethqlaminc dcamination. 

Reserpine (2 mg,kg. i.v.) virtually abolished activity. 
Pretreatment with the (t) isomer of TCP resulted 
in motor responses that were significantly greater 
than control value in rats treated with reserpine. In 
contrast, a dose of 2.5 mg/kg of (-) TCP had no 
effect on the activity of reserpine-treated rats, while 
the activity returned to about normal after 5 mg,:kg 
of (- ) TCP. Doses greater than 5 mgjkg of (t ) or 
(-) TCP resulted in significant mortality when the 
animals were treated with reserpine. 

DISCL’SSlOlr; 

The isomers of TCP readily passed into brain and 
reached peak concentrations within about 15 min. 

TREATMENT 
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Fig. 4. Motor activit! of rats after treatment wsith TCP 
or reserplne alone or in combination. (A) Activity was 
measured Jimm after treatment with TCP (doses in 
mgkg. i.p. shown to the left), or saline alone. or 30 min 
after reserpine (2 mg’kg, i.,.) alone. (B) Motor activity after 
treatment wilh TCP and reserpine. TCP and reserpinc 
nere admlnistered 4.5 and 30 min. respectively, heforc 

assaying motor acti\,it!. Data arc presented as mean t 
S.E.M. for ti\e to ten animals. An asterisk indicates 

P < OOI L+ hen compared with saline-treated rats. 

There was significantly more of the (-) isomer than 
of the (+) isomer in brain after all but the highest 
dose evaluated. Apparently the ( - ) isomer entered 
the circulation more rapidly or it was metabolized 
more slowly during passage through the liver than 
the (+ ) isomer. The greater difference between the 
concentrations of TCP in brain after low doses than 
after high doses may indicate that metabolic path- 
ways in the periphery were approaching saturation 
as the dosage was increased. This. however. remains 
to be studied. 

(+ ) TCP ill rifro as well as in riro. was a more 
eflective inhibitor of monoamine oxidase than (-) 
TCP [lo]. (+) TCP in rim. was between IO and 
60 times more potent than (- ) TCP when compared 
at 50 per cent blockade of enzyme activity. The degree 
of inhibition depended on the amine substrate. 
Apparently both ( +) and ( - ) TCP arc better inhibi- 
tors of type-B monoamine oxidase (blockade of 
2-phenylethylamine deamination) than of type-A 
monoamine oxidase (blockade of serotonin deamina- 
tion). This is not surprising, since TCP is similar in 
structure to the type-B enzyme inhibitor, deprenyl. 
In ~.iro, (+ ) TCP was about 1 O-fold more potent than 
(-) TCP when compared at 50 per cent inhibition 
of enzyme activity and both drugs were better inhibi- 
tors of type-B than of type-A enzyme. 

The inhibition of monoamine oxidase found for the 
study in I.~L.O (Fig. 3) was consistent with the expected 
inhibition (Fig. 2) for the concentration of drug found 
in brain (Table 1). For example, a dose of 2.5 mg:‘kg 
of the isomers produced concentrations in brain of 
about 4 and 8 PM for the (+) and (-) isomers re- 
spectively (Table I). The expected inhibition of tyra- 
mine deamination for these concentrations from Fig. 
2 would be about 80 and 15 per cent for (+ ) and 
(- ) TCP respectively. The actual inhibition was 
about 95 per cent for (+) TCP and 30 per cent for 
(-) TCP (Fig. 3). The inhibition found in homo- 
genates from injected rats may be somewhat different 
from the true inhibition in L+O if homogenization 
exposed uninhibited enzyme to TCP. 

Reserpine in high doses produces depression in 
man [l 11. The depression of spontaneous motor ac- 
tivity seen after reserpine in animals is used as a phar- 
macological model for the naturally occurring dis- 
orders [S]. However. reserpine has a multitude of 
pharmacological actions: thus it is doubtful that it 
is a good model for human depression. Nevertheless. 
many drugs that alleviate depression in man relcrse 
the depression induced by reserpine in animals. These 
drugs include the monoamine oxidase inhibitors and 
the tricyclic compounds that block the re-uptake of 
released amines by nerve endings [S]. Both classes 
of drugs are thought to act by increasing the concent- 
ration of amines at receptor sites. Recently, however, 
the mechanism of action of the tricyclic compounds 
has been challenged. They are now postulated by 
some investigators 1121 to act as monoamine oxidase 
inhibitors and not solely as inhibitors of amine re-up- 
take. 

The (+ ) isomer of TCP is a more potent inhibitor 
of monoamine oxidase. while the (-) isomer is a 
more potent inhibitor of catecholamine re-uptake 
[3.3]. When administered alone. (+ ) TCP inhibited 
normal motor activity while (-) TCP had no effect. 



Horn and Snyder [2] postulated that if the antide- 
pressant action of TCP involved monoamine oxidase 
inhibition the (- 1 isomer should be the less potent 
antidepressant, whcrcas if inhibition of catccholamine 
uptake is 2 major lilctor it should bc the more active 
of the two &omcrs. WC ~OLIII~ that (+ ) TC‘P. 
2.5 mgkg. enhanced motor acti\,it! in rcserpinc- 
treated animals while the sanlc dose of (~) TC‘P \+;I\ 
without effect. Reserpine was administered when the 
concentration of free TCP was assumed to be the 
highest. After this dose. monoamine oxidasc was 
blocked by about 95 per cent in the (+ ) TCP-treated 
animals and by about 30 per cent in the ( -) TCP- 
treated animals. Although it is difficult to aaluatc‘ 
blockade of re-uptake of cndogenous catecholamincs 
by TCP within the synaptic junction. MY can compare 

the concentration of drug in brain with the concent- 

ration of drug known to block w-uptake by SJ napto- 
somes. The concentration of ( ~ ) TCP in brain. X )tM 
(Table I ). was about IS times greater than that 
required to bloch noropincphrinc. and about X timez 
grcatcr than that required to block dopanine rc- 
uptake h! synapto<omes b! 50 per cent L2]. When 
the dose of ( -) TC‘P \~a’; increased h> 5 mg, kg. the 
rezerpine s>:ndronie ~13s prcicnted concomitant \\ ith 
blockade 01 monoamine oxidasz b> about 50 per cwt. 

We conclude, thcreforc. that in OLII- animal model pre- 
mention 0r motor depression after rcscrpinc is twttcl 
correlated with Inhibition of monoamine o\itla\c than 
14 ith blockade of amine I-e-uptake. 

A recent clinical report [4] lound (-1 T‘C‘P to be 
more efiectitc than (+ ) TC‘P in dcprcssed patients. 
There was no statistical difference in the side uflects. 
The authors stated that their tindings support the idea 
that inhibition of I-e-uptake of relcasod amines 
appears to be ;I major mechanism for the antidcprcs- 
sant action of TCP. Their conclusion. howcvcr. lacks 
experimental support. Both TCP isomerx block 
monoamine oxidase. The degree of cnrymc inhibition 
is dependent on the concentration of drug in brain. 
which is related to dose as well 21s to mctaholism 
of the isomers, Future clinical studies should include 

;L nxxwt of mrqme inhibition ;tftcr both drugs. SUCII 

as blockade of platclet enqmc, which has hccn shown 
to be related to blockade of brain enzyme 1131. to 
evaluate the mechanism of action of the isomer\. 
Morcovcr. the possibility sho~~ld bt: con~dered that 
the isomers of TCP mimic some of the actions of 
aniphctaminc such as rclcac d catecholamnios 
rl4. 151. which could also explain. in part. the antidc- 
pressant activity and the Gdc cfi‘cct> of T(‘P. 
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