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A b s t r a c t  The effects of xarious thiopyrano [3,4-b]indoles and pyrano [3,4-b] indoles on norepineph- 
rine (NE) and 5-h',drox>tr}planline 15-HT} uptake were determined in mice. A thiopyranoindolc, tanda- 
mine,* was a potent inhibitor of [~H]NE uptake in tile heart, being three times more active than 
desimipramine, and was rclati~el\ ineffective in polentiaiing the 5-hydroxytryptophan (5-HTPI behav- 
ioural syndrome. A pyranoindole and a thiopyranoindole blocked both [-~H]NE and brain 5-HT uptake 
with activities greater than, or similar to imipramine. Structure activity relationships for these two 
activities were determined. Tandamine was the most potent in antagonizing reserpine-induced I1> pother- 
mia and the guanelhidmc-indueed depletion of heart [SHINE. The I lenantiomer of tandamine exhi- 
biled greater activity in blocking NE and 5-HT uptake. The restllts indicate that tandamine and certain, 
of its congeners, differing chemically from the known tricyclic antidepressants, exert relatixeb seleciN, e 
stereochemical effects on NE and 5-HT uptake mechanisms. Such agents are potentially useful as 
antidepressants and as tools for further studies of the uptake mechanism and functional significance 
of NE and 5-HT. 

The principal mechanism for the inactivation of in- 
jected or endogenously released norepinephrine (NEt 
is re-uptake into adrenergic neurons by an active 
neuronal membrane transport mechanism [1,2], 
usually designated as the membrane pump. Such 
active transport mechanisms have been shown in both 
peripheral and central catecholamine neurons [3, 4]. 
A similar active transport mechanism has been shown 
to exist in central dopamine (DA)and 5-hydroxytryp- 
tamine {5-HTI neurons [4]. Blockade of the mono- 
amine membrane pumps by certain tricyclic antide- 
pressant drugs results in a decrease in the inactiwttion 
of the monoamines and a subsequent potentiation of 
their effects both in the periphery and the central ner- 
vous system [4~6]. 

Various trlcyclic antidepressants have been shown 
to exert some specificity in blocking the monoamine 
pumps [7, 8]. The secondary amines, e.g. desimipra- 
mine and protriptyline, are more potent blockers of 
the membrane pump in central NE neurons than the 
tertiary amines, e.g. chlorimipramine, imipraminc and 
amitriptyline. The converse is true for blockade of 
the membrane pump of central 5-HT neurons. None 
of the drugs had any significant effect on the mern- 
brane pump of central DA neurons. 

In the present studies members of two series of 
compounds, i.e. the pyrano [3,4-b] and thiopyrano 
[3,4-b]indoles, have been found to exhibit blocking 
activities with regard to the NE and 5-HT membrane 
pumps. One of these agents, tandamine, is shown to 
be relatively selective in blocking NE uptake and is 
currently of interest clinically. 

MAFEItIALS AND METHODS 

Radioactire nor@inephrine lecels. Male albino mice. 
i23-25 g: Canadian Breeding Laboratories) were in- 

* 1 - [2-(direct hylaminoiethyl] -9-ethyl- 1,3.4.9 - let rahydro - 
l-methyl-thiopyrano [3A-6]indole hydrochloride. 

jectcd in the tail vein with 0.25 ml containing 2.5 
HCi dl-[7-~H]norepinephrin~HCI (7.7 Ci m-mole: 
Radiochemical ('entre. Amersham), [[~H]NEi. in a 
solution of 0.75<!, NaCI and 0.01 N HC1. Test com- 
pounds were injected intraperitoneally {i.p.I in 0.5 ml 
0.025°, acetic acid: the doses refer to the salt of the 
compound. The tissue samples were homogenized in 
ice-cold 0.4 N perchloric acid and centrifuged. A por- 
tion of the supernatant fluid was transferred to a vial 
containing a mixture of 1 ml methanol, 3 ml ethanol 
and 10 ml toluene-phosphor [0.4"<, 2,5-diphenyl- 
oxazole and 0.005°,, 1,4-bis (5-phenyl-oxazole-2-yl) 
benzene], and the total radioactivity was measured 
by liquid scintilhltion counting (el'ficiency, 10 per centl. 
The radioactivity in the heart at times comparable 
to those of the present studies is almost entirely due 
to [3H]NE [9]. 

5-Hydro.\.rtryptolUla#l-ipldt¢ced .U'ndromc. The behav- 
ioural syndrome produced by potentiation of the 
effects of dl-5-hydroxytryptophan (5-HTP) consists of 
head twitches, lordosis, tremors, extension and abduc- 
tion of hind limbs and excitation[10,11]. Male 
albino mice (23 25 g} were administered the test com- 
pounds (i.p.) 30 min prior to the administration of 
5-HTP (300 mg/kg, i.p.I and the syndrome was scored 
after 15 min. The degree of intensity of the 5-HTP 
syndrome following the compounds is indicated by 
an arbitrary scale: ineffective 11); +1 (weak effcct}: 
+2  (moderate effecD: +3  (strong effcctt; + 4  hery 
strong effect). Any changes in gross behaviour prior 
to the injection of 5-HTP were also noted. 5-HTP 
alone did not cause an~ changes under these condi- 
tions. 

Antagonism of reserl~ine-induced hyl~olhermia. 
Groups of ten male albino mice (23 25 g} were pre- 
treated {i.p.) with graded doses of the test agents 1 
hr before administration of reserpine 11 mg,kg, s.c.). 
One group was kept as control {salinel and another 
group received saline plm, reserpine. Rectal tempera- 
ltlre was measured x~ilh a YS1 teletl~ermometer and 
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4[)2 ph)siological probe bel\~re drug trealmcnt and 
e\0r3 hol i r  after lhc tr0atl l lcnl for 5 hr. 

Inlagoni.<,m ,;,/' the UivF, h~cum+_,nl q/ [~tt]:\'E hi  
guaslulhidin,.,. Male albino micc (23 25 g! wet+c injcclcd 
in the tail \ t in  x~ilh 2.5 /,Ci of [~H]NE.  Test agents 
\~ete gi'+en i.p. 45 mi l l  aft0r, and guano[hid]he Stl]- 
phaic (20 i n g k  7, i.p.) 75 rain after the 13[liNE 
administrat ion. Al l  animals were ki l led 4 hr after the 
[-~It ]NV injection, the heaits rc l l lo \cd and total 
radioacti~it 3 determined us dcscribed prc~iously. 

As some of the lest :+tgellls. \vhen gi\cn ;.l]tli]c', de- 
creased the spontan0ous release of the [ + t ] ] N E  l'rot]l 
nloUSe heall, lhe per cent displacement of [+H]NE 
b \  euanelhidhle xx~ts calculated Lltilizin,, :l lormLlla 
simi]ar to that proposed by Bruinvels [112]: 

Per cent i tdf ibi t ion = 

.4nt<q+mism q[ di.+l)htcument ol 5-I tT indmud bl 
:~-ut hyl-3-hydro.Lr-4-muUul phenyhqhylomim" (117:3 12). 
Male albino mice (23 25 g) were injected v, ith lv, o 
doses of tt75 12 125 mgkg ,  i.p.) 2 hr apart. All ani- 
trials ~,.eic ki l led 2 hr after tile last dose of 1t75 12. 
] 'he test agents \~ere injected 30 rain bclkwc the 
H75.12. the second dose of the agents being hul l  the 
lit'st. 

Mice were killed, whole brains quickl~ rclllo\cd, 
rmsed in saline and frozen on dry ice. 5-HT ~cis 
eXtlctcted [13] and :.tssaved spectroflclorit+netricall} 
[14] .  Por cent inhihi t ion e l  tile displacement of D-tIT 
by H7512 for eacl~ of tl~e aTelliS \,,';.is ualcuh.lted by 
the f(')rmulti used aboxc 1(7] tile guanethidine-induced 
ctisplacement of ]st  l ]Nk],  i.e. b }  st.ibstituting 5-14T for 
[SH]NE ttlld ] ]75 12 ['o1" guan. 

In both of the experimenlal models, i.e. uplake of 
['q-t]Nt~ and guariethidine-iriduced depiction of 
[3H]NE. the per ceril inhibition of activity vs tile h>g 
dose (me kg) aas  plotted and the dose al \,dfich 50 
per cent inhibi t ion occurred rids(,) v, as read frt)m 
graph. 

The .tig011ts cmplo3.cd in the studies wcrc gifts ]'io111 
( ' iba Geig3 Ltd. gual++ethidine sulphate (Israel]n): 
rc.~crpine il++jcction U.S.P. (Serpasih: in]ipi+mnine 
IToffani l)  and dosimipramine I Perlofrane) hydroch- 
Iorides and M0rck. Shai+p & Dohme Lid. ant i [ r ip- 
[)line h}drocl+Horide (Elavil). Butriptylmc h)drochlo-  
ride (Evadyne) ,,,+as fronl A3crsl Laboratol+ics. Nor-  
t r ipty lmc hydrochlor ide ~,as prepared tTv Dr. M. i\. 
Du~,is. Chemistr? [)epal+Ililenl, Ayersl L~lboratol+ies. 
d]-5-Hydrox3tr)r)tol~)han monoh)dra te  \~a>> obtained 
from ( 'a lh iochem ('o. al+ld ~.-ethyl-3-hydi+ox+,<-4-meth31 
phenylethylamine I H 7 5  12) from Aldr ich C]~0tniccil 
( o .  The test conlpotlnds were s>nthesized b\  Drs. 
A. A. Asselin. C. A. l)emerson and 1. Jirko~sk\. 
Chcmistr,< Department. A+xerst [.abot+atories. The 
doses refer to the sah of the compound. 

RF]s ; I  I iN 

Inhit:,ition q/ {'~II].'\'E uptal, e. In Tables I and 2 
:ire s]1o\~,I] lhe El)5o's of \arious lest compounds and 
tr icyclic al+llideprcssant drugs on the uplakc (~1 
I + H ] N [  ill the mouse heart. ('(_]illpouild:< ~i~icil did 
not cause ~.t decroasc in [+H]NI~; levels of ttl IotlM 

50 per ccnl ut IO mg k~. i.17.. \,,0re not usuall\ e\;un- 
ined further in lhis a~a\. Those compounds \\hich 
did exhibit this a,..'lixilx xvcrc ftll+lhcr eXalllhlcd ;il/d 
t he i l  | l )g l  "s dc tcF l l l i l l cd  ~IS \~,Cl'U l ] l e i l  clloci L-, 01/ lhc 
Fclcase of [St l ]NE in the lllOtlse ]lC~.ltt. The cllcctx 
uf tandaminc (compotlnd 171 and lhc ICI~2F¢I]L'C d l t l~ \  
desimiprumine, mf ipraminc and umitrilv_,,linc uic 
sho:\n on Ihe uptake in I:ig. I.,\ end rdeusc ill l ie. 

:,] • 
IB of  [ t ] N k  as reprcsClllali~,c,, of icsults olTlHillCt[ 
in these assa.,,s. The rclatixc ~lcti\itics of Ihc rclL'rcm_c 
agents were  desi lnipraminc :+ n+.]rlript>I/nu II/]i 
pranlinc - anlitriplyline (Table I I. 

(k>mpoun(.ts 1. 3. X. t). I0. 13 ;incl 14. IncnH')¢r-, ,,I 
the pyram,Jndolc ,,eric,.. like Ihc i-eletcncc tri~_\ch<. 
atlli+._leprcssatHs, c+'Htt',+t_'cj ~t tlt++'t.'tCilsc.' il I ) . , ,  i() IH.~ k~} 

[q t JNt+agcn t  t guan. [~ l l lN lgum+.  

i [~I! I N ]  age[it [ +II [N[: ,+,~tlme 
. . . . . . . . . .  Illtl 

[ ~tt INI(  gum+. 
I 

I q t  ]NI!  s~dine 

\\hell gtxet+ t-,¢Ic',lCI hut l+iol after tllc I~II ! \ I .  thu-. 
itM/c;tting ~t block',tdc tH" the I+tt !NI upt;tke I~ thcw 
,.:ompounds (Table i). It+ this series introduct ion el 
an cth\ l  .4]".]up on fly_' hu.l,.',le nitt+c, get] it] the ,.tun 
lV.mnd o:,t l t :mmlg the 2-dimclh\ latninoefl+\ I ,.Me ,.:hMi+ 
(11 >i,_'Ided a ,.ymM<.+und 1131 displ<, inu the urualu.,l 
b],.+ckadc of the IXI:I metal ;rant pump. t]w Icvc] ,>I 
ac l ix i l \  tTcing thtec tim.us grc~m'r that+ indpramin,._.. 
This appears to, l-,c the opt inml ]cneth of the a lk ; i  
chain on the indolc nitt+oeen since the cotlq;c, und~, 
containing a ]-)rop>l (141 +.,t + mcth\l gtoup (9). of the 
ullsubstittilcd cOillpottnd (I). ~>,etc giclttcr ill:ill, ttl 
cqui\alcnt I,.> irnipr'<tminc, in l')Otunc}+ ]')lit Ic,~s than 
ct')lllpo utM 13. 

[ l ie  ii11potlalWC <.)I the 2-,.]m~cth\ lammocth\l  ,,i,.Ic 
clmin in c.omp,,]tmd,+ I and 0 is demc, n,,Iratcd b\ tltu 
Ihlding that itlcletisin.~ the [eli+ill 17',, +.)lie c~tt-boll, i.e. 
2 ;.rod 7. rcspccii\cl}. ,.:auso.l loss t)l ac:li\h\ • ho\<.c\cl. 
v.;llen ill addition the ilitl-t+~ell \~ts sc:condar\ illste;td 
o1" Icrt iar\ .  i.e. 3 and S. tcspecli\el>, the dcr ixat ixu, 
v<cre similar in activity, tur thcr ,  the m._'ii\il\ v,;is +4i,,,, 
It>st when the rcpkiccmenl group \\as :t 2-melh\kt- 
minoe lh \ l  (4 and 12i or u 2-cliclhx lail l i i l t+eth\l a lk \ l  
chain 15 and 61. Ihu placil>~ t>l ;i -+-din/cth\la- 
mh~octh\l ~lOUl ~) t)ll the indolc liitI+()~cn ~i lh  tlw 
grot ip at posit ion I teeing ;I me[h\]  ( I 5i <+r l+)l+Ol+)} I 
( 16i 3 icldcd inacli~ c conlpottnd,,. 

( .onlpot i l lds 10 alld I I .  t-'ll;lillii+nlLU +', of c't~nlpo/Int[ 
9. exhibited diliL:rcnt acthitie',, lhc i )-etl~ill/iOmOl 
(10i lTein 7 ',lbt)l.i1 three limes lllt+lC potciH l i en  the 
(+ I-enaiHiOlner ( l i t  and i]lc ki l ler bcii]g >diniklr hi 
act i \ i  D to the racem;tte, compt)Ul]C] 0. lhu,,c iindinT~, 
demons[i-nit the iMptH+tal!CC o1" tl~c <qcrct+d+cmicctl 
conl igurat ion Ior biological ~lcti\ i t \ .  

Members of ll+e th iop) rano indolc ,,erie,. i.e. 17. 
IS. 2(i. 21. 22. _+3. 25. ]6. inhibited Ihc uptake ,+1 
I~t] lNt{ :i~ lhc+ caused a ctccrcasc ill I'11 !×1 ~hun 
gi \en I'~cl'ore. but t]cit ;/ltcr+ the I <tt !HI; ( l ie .  t '  lablc 
2i. [ ' i]h:tnced ctctixit~ is 4chic\cd b \  t-eplac.'cil]ctH ,+i 
lieu o;,_\gcn (I. Table l i  h\ tt suil'ttr citi+t]l (21 Tahlu 
2i in the ctHYlpOtlt+lcl Ct)l/l~liilit/g ~tll UllSUb,qitulcd ii~ 
dole nilrogci~ 4ild the 2-d imeth\ lml f inocth\ l  ,.idc 
chain (i.e. i l> , , ,  ~.3 n]g kS. i.p. x>, 2.4 mg kS. ~1 + l+, ' 
spcclivcl>l, l h c  iml+ortancc o i  the substih~cnt on the 
inclolc i]iti-ogcll ill the lliit)l)}l+~ttloh]ct+.+]c ~, i,, .+.hl+\\l} I)~ 



Effects of tandamine on biogenic amine uptake mechanisms I 1 S I 

Table 1. EtTects of pyrano [3.4-b]indoles and reference drugs on heart [ 3 H ] N E  uptake and the 5 -HTP s \ n d r o m e  
in mouse  

R2 

Potent ia l icm of  
" 7" N 9 5-HTP s}ndroInci- 

. i Inhibition of Dose (rag kg, i.p.) 
[ 3 H]NE  uptake* 

_ _ _  6 . _ 3  Treatment  R I R, Form lil)so: m g k g ,  i.p. 25 I "~ ~, ~" 

I CH2CHaN(CH3}2 H 
2 ('H2CH2CH2N(CH3}2 H 
3 C H 2 C [ t 2 C H 2 N H C H  3 H 
4 CH2CH2NHCH 3 H 
5 CH2CH2N(CH2CH3} 2 H 
6 ('H2CH2N(CH2CH3)2 CH3 
7 CH2(~H2CH2N(CH3)2 CH 3 
,R C H 2 C H 2 C H 2 N H C H 3  CH3 
9 + CH2CH2N(CH3) 2 CH3 

1{} I }-CHeCtt2N{('H3}2 CH~ 
11 ( + ) -CH2CH2N(CH 3}2 CH3 
12 CHe(TI t2NHCH 3 C H 3  

13 CHeCH2N(CH3)2 CH2CH3 
14 CH2('II2N{('H3}2 CH2CH2CH3 
15 CH 3 CH2CH2N{CH3)2 
16 C H 2 ( ' H e C H  ~ CHeCHeN(CH.~}2 

Imipramine  
Desimipraminc 
Amitriptyline 
Nortriptyline 

.C2H204 7.3 

.C2H20.s > 10 

.C2H20. s 8.2 

. ( '4HaO.t > 10 

. H C I  > 10 
• H C I  > 10 
. C4H~.O~ > 10111.51 
• C , , H , O . ,  4.7 
HCI 3.7 
HCI 3.11 
HCI 10.5 
HCI > 10 
HCI 1.5 
C4H404. 3.0 

. CtH.~O4 > 10 

.C2H204 > 10 
5.5 
I XI 
7.2 
4.4 

+ 3  + 2  ~1 
+ 3  ~ 2  41 
+1 

1 

+1 
+1 

1 

1 

~3 ~2 +1 
+1 
+ 4  +3 ~ 2  

I 

* Mice '~e.'e administered [ 3 N I N E  (2.5 H('i, l.Y.) 45 inin after the test agent. Animals ,,,,'ere killed 2 hr after the 
latter treatment. The ID,{~ for inhibition of [ 3HJNE uptake is derived ['rein at least 3 doses for each agent as shown 
m Fig. I for tandamine and reference drugs. 

i" Mice were injected with c o m p o u n d s  311 min b e b r e  an i.p. iNection of 5-hydroxytryptophan (5-HTP: 3/10 nrg kg} 
and the syndrome scored as 1 (ineffective), +1 (weak elTect}, + 2  (moderate effect), + 3  (strong effect), + 4  (very strong 
ell'ecti 15 rain after the 5-HTP injection. 

;~; I.~J-l)imethsl-I 12-{dimcthylanaino)ethyl]-l.3,4.9-ieirahydr{>pyral> [3.4-biindolc hydroclaloride. 

Table 2. Et'l)cts of th iopyrano [3.4-b]indoles and strciciurally-related agents on heart [~H]NE uptake and the 5-HTP 
syndrome in mouse 

R 2 

iCH~ R~ F'otcntiation of 
.~, ~N H(' I  5-HTP syndrome+ 

~'~ "~ s • Inhibition of Dose (mg, kg. i.p.t 
[ 3 H]NE  uptake* 

_ I _.~ 625 Treatment  No. R~ R, Er}s ~: mg. kg, i.p. 25 "~ 

Tandamine:}: 
( }-enantiomer 
( + )-enantiomer 

17 CH2CH2N(CH3)2 CH2CH3 0.3 + 1 
18 CH,CH2N{CH3)2 CH2CH3 (/,17 + 2  
19 CH2CH2N{CH3)z CHzCH3 > 5  1 
21) CH2CH2N(CH3)2 H 2.4 l 
21 CH2CH2N(CH3)2 CH3 1.0 + 3  
22 ( 'HeCHzN(CH,02  CH_,CH2CH3 2.0 + 1 
23 ( ' H e C H 2 N H C H 3  CH2CH3 2.3 + 2  
24 ( ' I I , ( ' H , N H ,  C [ t , C I 1 ,  -> I0 + 2 

() 

25 ( ' H A .  t t ~ N ( t l , t  ~ - - ~ - - C I  C H , C H ,  7.2 +1 
- ( L H  3 ~ - " 

26 C I t 2 ( H  2 N(( 'H 3 } _ ,  C H 2 C H = C H 2  2.5 + I 

---2 +1 

2v CH 3 CH2CH2N(CH3} 2 

-N  / ~ - 

~ t t2 f . ,H  3 

>10  + 3  - I  ~ I 

* i" Sec legend to Tablc for experimental details. 
~. I -[2-( Oimeth5 lanlino)eth~l]-9-ethyl- 1.3.4.9-tetrah~dro-1 -met hyl-thiop) rano [3.4-bJindole 115 drochloride. 
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Dose (10 mg/kg,  i.p.) 

Fig. 1. Mice v, crc adminb, tcrcd [SHINE (2.5H('i. 
11',i the lest itgcnt. Animals WClC kil l0d 2 hr u['tct + 

,,)f at l¢~i>;t 

i . \. l  either 45 inh~ /~cl'ol+c (Fig. I.<\t o i  aJ'lcr i l i g .  
the laltcr tl-CallllClll. I{ilch '+;i]tlc is I/1CLII1 + S.ILM. 
,R at1 illltil,4. 

the l ind ings tidal the co tnpound  con ta in i ng  a mcth+',l 
g i 'oup 121) is nloi'L' uct ivc (1;I)5,: ].0 mg 'kg ,  i.p.I thai1 
the t inst lbst i t t l tcd dc r i va t i xc  (20. I;i)+,o: ++'.4 ing kg. i.p.I. 
Pl . l r thcrn lo ic .  ~ls in the p\qal!O indo lc  series, the mo,;t 
clToctivc COllll)OLllld in thu series, i.c. tLlllCtatllinc 117). 
l l ) ~ , :  0.3 m g k g .  i.p.. conta ins  Ltn e thy l  gi'OLip o i l  thu 
mdo l c  n i t rogen :  the acti ,<it} wus i i i )o t i l  cigl+iccn t imes 
Ihat  oF im ip ra rn inc  a i ld l}vt2 t imes that  o f  the ct)rrc'- 
spond ing  p y r a n o  indolc,  c o m p o u n d  13 (Tab le  I). 
I Tand i im inc  w:ts also higi~l> clttectivc \~<hcn udmin is -  
tcrcd or+nil\ '. be ing onc -ha l f  us actit<c ' ;.iS intt+upcri - 
t onoa l l \  I:i):.n: I).(> \s l).3 mg k 7. i.p.). Incrcashlg the 
length o f  the subst i tucnt  on the mdo lc  n i i rogcn  to 
that o f  a p r o p ) l  (22) o r  an a l ly l  g roup  (2(+I led tt+ 
a dccfc~.isc in ac t i+ i t3 :  the t tnF4lt t i r i l t ion in the la t ter  
sLIl~.'4tiltlOlll V,~IS not t) l  rc lcvat lcc LIS those t 'ao COl+ll + 
pounds  +\.urc s imi la r  in ac t ix i tx .  The signil iciu~cc of  
the d h n c t h y l a m i n o  g roup  in the d imcth3.1a in inocthx l  
side chah~ at pos i t ion  1 o f  this series was demon  + 
stl'atcd. SillCC rcplaccmctl t  b,, a n lc thblamino (23). a 
l~-chlorc)-phcl~. icy l - tnc lhy lanl ino (25) or  tin i tmi i+o 
gl-t-ltlp (24) led to ~t d¢clcLt,<-;c in polonc+,+, in that  ol-dcr. 
a,+ comp,:u+od to t andam inc (17 ) .  

Reso lu t ion  o f  the I+iiccm41c. tnt lditmil~c, in to  its 
cn:.tlltiOlllOrs \\Cis t',f illlpoli4ncl2 ;_is tt~c I )-12nLlil- 
t iomer.  IS. ~,,,as the lllOS{ potent  COlllpound 0[ those 
CXLIl l l i l ' IC(] :  it ,<'+as abol.iI t \vicc as autivc as tLlndLullillC 
a i ld ~lt Iccist i h i r t \  t imes as ac t i \ c  cts thc (÷ l -¢na i~ -  
th~mcr, 19. indicat in{z the i e l c \ancc  oF tl~c s tc rochcmi-  
ccil c o n l i g u r a t i o n  For b io log ica l  acti '<it3. 

In thc thiopbt+ano [4.3+h]indc)lc series, instc~td o1 
the t h i o p y r u n o  [ 3 . 4 - b ] i n d o i c  series. L o m p o u n d  27, 
COliiaii+lir~g tl~c di l~cth} lamit~octh_~l  side chain.  \,,its 
inuct i \c .  

I>lJlt*#l(#~lliOI1 (![ lilt' 5 - f l T t ' - i n , h u ' u J  hehori+Jm'~ll svn- 
dromu. Sub- thrcshold  behavioura l  doses  of  5-1ITP 
ha~,c bccn sho \ \n  to bc potcnti i t tcd b\  ccrtltlll t l lc \c l ic  
anl idcprcssants  [10. I1 ] .  Thc  degree of p o t e n t i a t i o n  
oF thc s\ndroi+nc pt+oduccd by 5 - H T P  Iot + Ct+ll ' l lpOLll lU 5' 
cxamincd  ~.ind the Fofercncc drLlgs ar0 presented in 
lab lc>,  1 Lind 2. ( ) h i )  con lpo t l nd  0 ii p3 ra i l o indo lc ,  
al ld 21. a lh iopyral lC) i i ldoJe, d i sp la }cd  an act i \  i t \  ~\ i th 
~t po tency  at least s im i la r  to  that  o f  im ip ran f inc ,  ti~c 
second most  c l l cc l i \ c  r0fcrcncc drug. i \ m i t r i p t } l i n c  

\ \ as  the most  cllL'cti\u m thi> re, pout v,+hcrc~t>, dc>inli- 
pr;~uninc \~,~is rclati\cl.\  inact i \c .  

With  rc>,pcct t,.', 111,+: p+\runc, ind,,',Ic:, the impc~rtancc 
of  the 2 - d i m c t h \ l u n l i n o c t h > l  qdc  chilJn \\'<is sh+.~+\n 
b,, the findings that.  in contl+USt to lhc comp,. tund 
,+',hid+ con ta ins  this chain imcl :.tit-,,.; u n lcthb]  ell1 the 
indo lc  n i t rogen lot. the uo lnpounds  in ~h i ch  the 
d i m o l l l \ ' l a m i n o  7lOt lp \,+4> ~,cibslitutod b~ a d i c th ) l -  
a m i n o  (6) or  the dl~l in ~a>, Ic l lg thencd to  the 3-di- 
n l c t h } l a m h l o p r o p } l  ('7)c)F thu 3 - m c t h > l a m i n o p r o p > l  
g roup  I<Ri \~ci+c inellL~cti~c. Ihc  sigl i i l ]canco of  Ihc 
n;.tlurc oJ" lhm stib:-,littlcilt on tl~c hlclolo I / i l loTOil  v,'<i,, 
clcil lon>ti+ntod b \  the Ihlcting~, tl+lut thu cict i \ i tx ~ l ' ,  
lost. or  Ul+C';lt[) reduced. \ \hct l  iho m c t h \ l  .~I-otip o f  
con~pound U \~ts rcpkiccd b\ ~i h}choTcn (I), c th \ I  
(131 or  p r o p ) l  gFotip {14) ~ h c i h c r  in the h>chogci l  
co l l t l t i n ing  COml+~OLind ( l )  the +idc chain \~+t~, 2-a in int ,  
moth31 (41 or  2-d ic th> l~unhlooth)  l i5i. ]-dinlct lL~lci-  
mh lo  12i ot + 3-mothy laminol+rtTLxl (JL 

S im i la r  to l i l t  l lnd inTs oh tu inod  c+n thu ubi l i t~ tu 
bh>ck the tlpt'<ikc ,,1 [ <1 l I N t .  lhc ( I - cnan i i omcr  ( l i t )  
~a+ hi<ghl} cllL~cti\c, i'L'l~iillillg {hL' ",LiI11C dcgrcc ~H 
5_ t lT l+ -po tcn t i a t i n7  a c t i \ i t \  tl>, the i-Liconq{ttc (t)) 
~hc i cas  Ihc I )-CllHiltiOlllUl (11) ~ t ~  onl~ ~ c a k l t  
ot't'c.'ct i ~ e. 

In the thioF,}rui+oitKIolc ' , ,  uompt+t lnd _~1 I l : l h l c  21 
p roduced  poicnt i+t i iOl l  o f  5-11TP oqui' ,ulcl~t to Ihat 
o f  imipi-an+lhlo. Thtl:,+ thu ox}Tc l l  in the p> t-~illO indolu 
(g. ] k tb lc  1) Carl bc rcplacod h\  il , , t i l l t i t  i t lonl .  Ih+\ \ -  
c \cr .  the pt-oSCllCC o f  thu methy l  .~lOUp c+il the h+ch+lu 
ilitt+ogct] i,, c)l t-oi¢',cit~cc. ,, into the compt+tii~d,, cot~t~tin + 
i l lg al; e thy l  ( I7L pt+op>l (22). or  all31 tiC+). 7tOtlp o1 
a h,<drogcn LltOill (2()) \t. CIC rc iut i~c ly  mc l lcc t i \c .  l h i ,  
\ \ak 41,,o n'nscr',cd ~\hcn the ,~ub>,titucnt Oll the h~(.h+lc 
i~itiOTCl/ ~+~.L1% al l  c th \ l  glc)tip. Lind the ~idc oh;ira. 
h> toud o f  the _++ditncth+~lciminouih>l 117L \ \as u 2 
nlctht, l i tnl inci-(23L t t l l l h l o - (24 )h i  Li /+-chlor<~ phcll;_ic> I- 
mcth,+l-amil~t+ (2$Fulh>l  ~FOtlp. Tho coln l~ot lnd l/Ll\- 
ing the Ihiop3ranc> 14.3-1~!mdotc (27t. in.+tolid t+J" the 
thiop',rai+lo 17.4-h l indo lu  (I 7i. u, ,h ib i tcd uonH+utuhlc 
cicti\it_\ ut lhc highest  dose. but not  lit the lo\kcr close. 
Ncithur ci lant iomcl o1" t:indun~inc (17) polcntil l tcd 
5-11TP strongl  3. btit its obsct- \cd \\ ith their cI'iL'cl t+n 
[~H]NI:  Ul',L/kc. the i l-cmlnli,m~cr <lXt \ \a  <, rcl:l 
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"lablc 3. Effects on reserpine-induced hypothermia in mouse 

Treatment 

Temperature 
hr after reserpine 

Dose Agenl 
ling kg, i.p.) alone 3 4 5 

Tand am ine I 0 
5 
1 

( 'ompound 9 20 
10 
2.5 

Desimipramine l0 
5 
1 

lmipraminc 20 
10 
2.5 

Amitriptylinc 20 
10 
2.5 

3+ 
3+- 
2+ 

24  
2+ 
I +  

24 
2+ 

q H +  2 +  
1+ 

4 +  4 +  
4+  4+  
2+ 2+ 

3+ 3F 
2+ 2+ 

3+ 4+ 
3+ 3+ 
2+ 2+ 

2+, 3+- 
2 + 2 ~- 

{ 14+  2 +  3 +  3 ~  
[ 12+  2 +  2 +  2 + 

1+ 

Mice (10 per group) recci',ed test agents I hr before administration of reserpine 
(l mgkg,  s.c.i, fcmperatures were measured before lest agents and reserpine and 
thereafter up to 5 hr. 

Score P < 0.05: diffcrencc betwcen mean experimental and mean control tempera- 
lure: I + .  < 1 " 2 + .  1 2 : 3+.  2 3 : 4 + - ,  > 3 . Mean control temperatures of saline- 
reserpine group at 3, 4 and 5 hr after reserpine were 32.9 ~ 0.36, 31.7 + 0.30 and 
31.5 + 0.51 . respectively. 

tixclv morc  active than the ( + t - c n a n t i o m e r  {191 or 
thc recemate ( 17t. 

E[lecl on reserlmw-imluced hyl~othermia. A com-  
pound  of each series, i.e. c o m p o u n d  9 (Table 1) and 
tandaminc  t l 7, Table  2k ~ a s  compared  1o desimipra-  
mine, imipramine  and amitr iptyl ine for its effect on 
reserpine-induced hypothermia .  Each of the agents  in 
doses ranging from 1 lo 20 mg kg, i.p.. antagonized 

the reserpine-induced hypo the rmia  at 3. 4 and 5 hr 
after the reserpine (Table 31. (Little or  no change was 
seen in the tempera ture  1 or  2 hr following reserpinc). 
The an tagonism was dose-dependent .  The order  of 
activity was t andamine  > des imipramine  > com- 
pound  9 -- imipramine.  Amitr ip tylme antagonized 
the hypo the rmia :  however, alone it lowered the rectal 
t empera ture  significantly in contrasl  to the other  

Table 4. Elleels on the guancthidine-induced displacement of [-~tt]NE 

Agent Agent 
Dose alone guanelhidille Per cent. 1!115( 

Treatment ling kg. i.p.I (cpm x l()3,'g heart + S.E.M.) inhibition* (rag kg, i.p,I 

Saline 34.2 + 0.90 12.6 ± 0.41 

Tandammc 5 50.1 _+ 1,77 41.1 + 1.57 72 2.1 
2.5 43.0 + 2.71 30.8 + 1.69 55 
1.25 43.4 ± 2.45 25"5 + 2.08 35 
0.625 40.2 ± 0.91 18.8 + 2.38 16 

Compound 9 20 41.7 ± 2.75 28.3 + 1.74 49 ~. 20 
10 44.3 + 2.65 25.0 _± 2.12 31 
5 41.0 _+ 2.98 20.4 + 1.59 21 

Desimipramine 5 34.2 + 3.40 29.6 ± 3.00 79 2.6 
2.5 34,3 ! 2.00 21.3 + 3.3(/ 40 
1.25 35.7 + 2.80 2(/.7 _+ 0.98 34 

hnipramine 2(/ 48.8 + 5.14 31.6 + 1.98 44 >20 
10 41.2 ± 2.49 24.4 ± 1.74 36 
5 41.0 + 1.91 16.1 ± 1.12 4 

Amitriptylme 2(1 56.2 + 4.55 43.0 + 2.20 63 15 
I0 38.6 ± 1.73 22.5 ,+ 1.84 34 
5 34.6 + 2.56 18.4 + 1.12 26 

Butriptyline 20 42.4 ± 3.40 18.5 ,~, 0.70 11 > 20 
10 34.3 ± 2.88 16.2 + 1.65 16 
5 32.4 + 2.18 15.8 + 1.119 19 

The animals were killed 4 hr after the i.',. adminislration of [3H]NE. Guancthidine (20 mgkg,  i.p.) was eiven 45 
min after tlae test agems and saline injections, which were given 75 min follox~ing [3HJNE. Each xalne is mean + S.E.M. 
of at least 6 mice per group. I!I)s. is dose at which agents inhibited the depletion of [3H]NE by 50 per cent. * Per 
cent inhibition was calculated by formula stated in methods. 
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Table :,. t{ll'ccts on H75 12-induced displaccn~cnt of 5-hydroxytryptanainc tS-ltTI in tnouw biaiH 

Brain 5+HT {/~g g ÷ S.f..N1 ~ 
l ' irst dose lh_'r c.-clll 

IIoallllcnl {nlg kg, i.p.} l)rug ~1]o11c I)l-tlg ) I1:'5 I2 inhibitiot~ 

Saline ).7'~ ± 0.02 {).4t) ~ {).02 ,+ 
Compound c,i 25 {).74 & t).O1 {).70 t t s7 
Saline I).67 + 0.01 I).40 + I).1)2 
('ontpoulld 21 25 0.62 ! 0.01 {).50 + {).{)2', 52 
Saline t -v-> )+,_ +~ 0.05 {).4S ~ t) )2 
Imipraminc 25 72 + 0.06 {).61 ~ ()1)2i 51 

M icc v, crc injected v, ith two closes of ~-ethyl-3-hydroxy-4-meth,vl phcn).lcth)laminc 1t]75 12; 10t) 
nlg kg. i.p.! 2 lu" apart. All animals were killed 2 hr aflcr the last dose of H75 12. los/ ;igcnts 
v, crc injected 30 rain prior to H75 12. lhc second dose being hzll[" the lir,q, l{~lch i¢,,uh i,, tncan 
of 5 7 anitna],,,. 

* P < I).l)(/1 wifl l  respect 1o saline. 
-b P 0.01; ?~: P < (I.(i5 with respect to saline + t175 12. 
,~ Per c'ci~l inhibiti,>t~ ~',l,, calctt]:ltcd b\ I'ollllU14 'dated it1 mclhod,,  

agents. [hus,  at comparison of tile effects of  amitripiy- 
line with tile other agents is diflicult. 

E[luct o#l UmmuUlidiJte-indm'ud displucemum <~1 
[~II]NE. The agents examined with respect to their 
efli:cts on thc reserpme-induccd hypothermia were 
studied as to  the i r  effects on the guanc lh id i ne - i nduced  
displacement of  prexiously administered [SHINE. 
Butriptylinc, another tricyclic antidepressant [15]. 
v, as ~llso cxanlillcd. Thc gt.ianethidine-induccd dis- 
placement of the [SH]NE was pre,,cnted by' \arious 
of the agents in a dose-related manner with the order 
of  ac t i x i t y  atnd l!l)5.>'s !mg/kg,  i.p.) be ing t a n d a m i n e  
</.It :> desimipramine 12.61 > aimitriptyline 1151 > 
conlpotu'id 9 (-~ 20l > imipramine (>20) (Table 41. 
Butript)line was inelTectivc wtlen sttldied at doses at 
which the other agents exhibited activity. 

E{lect <m displ~ucnu'n~ ,tl 5 - f t T  ha' 1175 12. H75 12 
caused at depletion of illOtlSe brain 5-HT le;.els (Table 
51. ( o m p o u n d s  0. 21 and imipramine (25 +-12.5 
mgkg ,  i .p.)antagonized the H75 12-induced deple- 
tion. with compound 21 exhibiting a level of actixity 
equ iva len t  to i m i p r a m i n c :  the efrect o f  c o m p o u n d  9 
'+',as greater than either in]ipramine or compol_lnd 21. 
No alterations in 5-HT lexels occurred when tl~e 
agents were adrniriistered ail+.)ile, 

I ) I ,~{ . ' t  i sN I  o " 4  

f h c  present lindings indicate that certain pyrano 
[3,4-b]mdoles atrid thiopyrano [3,4-b]indoles are 
blockers of N E a n d o r  5-HT uptake in l-ice, and in 
addition, tllose which block [SH]NE uptake exhibit 
the ability to antagonize reserpine-induced hypo- 
thcrmia alld guanethidine-induccd displacement of 
l 3t t ]NE from heart. Such acti,,ities are in accord with 
the hypothesis that drugs which block the inactiva- 
tion of caiecholamines and or 5-HT through block- 
ado of their uptake at tile respcctive NE and:or 5-t-lT 
l te t i rons Call] Cause po ten t i a t i on  of  the i r  eltccts [6, 16]. 

..\ctixit> with respect to tile inhibition of the 
{< t t ]NI  uptake is sho\~n by compounds containing 
the pvranoindole ring system which is substituted 
with {x~.o substituent groups ill position 1. i.e. with 
a methyl group and with at 2-dimethylaminoethyl or 
3-methylamirtopropyl groups. Substituting the ring 
oxygen with tl sulfur atom m the 2-dimeth3kt- 
minoethyl compoulld results in enhanced actixity {i.e. 
t~lndanl incl .  Thi,~ lalllCl + obscr \ 'a t ion  is o f  interest as 

such a change m a bic,,clic series leads, m contra>,t, 
t,.+ a decrease in ucti',ity, i.e. Lu 34)10 ,.s Ix\ 
5-003 [17]. In the pyrano-indolc series containing the 
2-dinlethylaminoethyl side chain, alk}lation o1' the in- 
dole nitrogen with at+3 ethyl group yields the com- 
pound exllibiting the highest activity. 

Similar structural elements were obser\ed to be 
essential t\~r [+~H]NE uptake in the thiop',tano-indole 
series. The presence of the thiopyrano group is llltlCh 
more fa\ourable as the highest :tcti~it\ o1 all of 
the compourids examined in this stud? ~as exhibited 
by tandamine and its ( bcnar~tiorner-cornpotmds con+ 
raining this group. In this respect these latter com- 
pounds appear to be among the most polenl agents 
known to block the NE membrane pump. The impor'<- 
~lllCC of the indole ring in the most acti\c compoullds 
in the thiopyrano and pyrano-indole scrie,, is mdi- 
catted by the findmgs that replacement b~ an indent 
ring. i.e. m pirandamine, resulted ill loss of thc ucti\ it 3 
IW. kippmann and T. Pugsle}, in preparation). 

The secolldar,,, n/ethylallliilcs wcrc i11o1c potent 
blockers of NE uptake than the tertiar\ dcrixutixc- 
li.e. dimcthylaminesl in the prcsClll studies, al,, 
observed with the 3-amitloprop31 deri \at i \cs  of the 
9-meth>lp}rano indoles {g \s  7, f ab le  I) .Thisreluti~e 
actixity has also been demonstruted in othcr scricx 
such as the dihydrodibcnzazepine>, i.e. dc,,imiprammc 
~,, imipramineI l0 .18]  and the 3,3-dimcthyl-I- 
pheny lph tha lan - l - [3 -an f ino l -~ rop \ l  ] deri-~lt i~c~ I I .u 
3-010 '+S ktI 3-0(19)[17]. 111 the pt'esctll st\idles Ihis 
relative activity was also obserwd in the dibcnznc3c- 
loheptadiene (nortriptyline \s amitlipt),lincl and the 
d ihyd rod ibcnzazep incs  I dcs im ip i anm lc  \s im ip ra -  
i'nirie), lri studies in ci lro \ \ i th  lhc  rabbi t  mwl i c  
strip ll<J, 201 and rat cercbral  cor tex >liccs [211 such 
re la t ionsh ips  were obser,,cd wi th  thc secc)ltdar} \'~ 
tert iairy rnethy' latni l lcs o f  the dilL~drt>dibcp, zazupinc. 
dibenzoc).ch+ heptad icnc and d iphcnx hnc th ) l i dcnu  
series. These lh ld ings thu~, del-noi lstratc the , , imi lar i t> 
of the lllOtlSC hcaFl ill riuo :+;\stem to the tiboxc t,+\o 
i#l clare preparations 'a, ith the~,c clrl_igs. 

In Cc'qltl'~lsl It', the relati\c acti\itic', of thc cent- 
pounds  men t i oned  abe \c ,  the 2-ami i locth,<l  det-ixa- 
ti~es o f  the py rano - i ndo les  exh ib i ted  a re'~etsc Stlt lc- 
lu re  ac t i v i t y  re la t ionsh ip ,  i.e. thc tcr t i : i r }  l l ,  T'<tblc I! 
\',as i'riorc act ixe than t i le sccondar_v i4, l u b l e  I t 
meth,x,.lamine. Thus. the i la t t l rc  o f  the sidc c lmin,  i .c 
the 2-c inf inoethyl  grot lp ,  aippcars 1o bc cr i t ica l  >into 
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when. ira, toad of lhe 2-aminoelhyl group the chain 
is the aminopropyl, in the 9-methyl 18 xs 7, Table 
l) and in the unsubstituted {2 xs 3, Table 1) derix, a- 
tires, the secondary derivati,~e is the more active. In 
accord are the findings that, of the 0-methyl pyrano- 
indolcs and lhiopyrano-indoles containing the 2- 
alnilloethyl side chain, the tertiary is more active than 
the sccondary 19 '~s 12. Table 1 :17  vs 23, Table 21. 

Maxwell et a/. [19] suggestcd, in regard Io space- 
lilling molecular model> of ~arious series of tricyclic 
compounds, \~,it]] rcspect to the blockade of the NE 
uptake nl¢chanisms, that compounds in wllich the 
bridgcs beDa.,ecn the tx~o phcnyl rings held the phenyls 
at angles to one another were potent, whereas those 
in which lhe rings were planar, or near planar, wcre 
considerably less potent. In the present studies the 
most potent blockers x~ele either a lhiopyrano-indole 
or a pyl-ano-indole: the compounds ~eie  l]]Ole po/eni 
than imipranmle. In these series the indole and the 
thiopyran or pyran ring are in a near planar conligur- 
a l i e n  lherelore, this is in contrast to the angular con- 
liguration of lhe plnenyls in imipramine. Thus. this 
indicates that other factors are of iml~ortance. The 
conclusions of Maxwell <'t a/. [19] ~ere based upon 
lindings ilz rilro whereas the present studies were car- 
ricd out iJl cico and the awlilabilitv of the active com- 
pounds would thus he a factor. With respect to the 
amine uptake mechanisnl in the rabbit aortic strip 
and that in the heart in ritro, based ou the kinetics 
of NE uptake and the inhibitory effects of tric',dics 
and rclatcd conlpounds, Maxwell el al. [19] con- 
cluded that lhc amine uptake mcchanisms were simi- 
lar: Sukuna t'l al. [21] reported thai the amine uptake 
mechanism m the rabbit aorta and rat cerebral cortex 
isl citro preparations appeared to bc fundamentally 
similar. 

Pharmacologicall 3, it has been shown that most 
clinically useful tric',clic anlidepressants antagonize 
reserpinc-induced hypothernfia [22, 23]. This activit? 
is generally considered to represent a central 
effect [24]. Tandaminc and compound 9, like the 
known antidepressants examined when gix, en betk~re 
reserpine, antagonized the hypothermia produced by' 
rcscrpinc in a dose-related manner. Tandamine dis- 
played thc greatest actixity in pre'~cnting the reser- 
pine-reduced hypothermia. The order of acti,,ity was 
similar to that found in blocking the [SHINE uplake. 
Such a relationship has also been observed with the~,e 
agents when the in uiuo rat brain NE uptake system 
was utilized (T, Pugslc3 and W. Lippmann, in prep- 
aration). Thus. this effcct can he considered to be due 
to the ability of these agents to inhibit the re-uptake 
of NE that is rclcased in the depicting proces', by 
reserpine, thus leading to higher lexels of NE in the 
\icinity of the adrencrgic receptors [24]. 

A number of agents, including St)hie members of 
lhe tric\clic antidepressant group which block file NE 
n~cmbranc pump. haxe been sho;~n, in addition. Io 
inhibit the depletion of NE siorcs caused by' guanethi- 
dine [25 27]. Further, lhese agents ha.lye been shox~n 
to antagonize the guancthidme-induced reduction of 
\arious responses to s.vmpathetic ne i \e  stimula- 
lion [26 28]. Guanelhidine. when gi\en after an i.v. 
injection of [-~H]NE, has been shown Io increase the 
rate of the spontaneous release of labelled aniine [29]. 
Tandamine and compound 9. silnilar to infipramine, 
desin]ipramine and amitriptxliue, antagonized the 

guanethidine-induced decline in [q-f ]NE levels. This 
antagonism is consistent with the hypothesis [30] that 
agents which block NE uptake also block the uptake 
of guanethidine into adrenergic neurons, as guanelhi- 
dine utilizes the same membrane pump as NE. The 
lack of effect of butriptylme is consistent with this 
h>pothesis as it did not exhibit an effect on the NE 
membrane pump [31]. In this respect, tandaminc exhi- 
bited the strongest activity in antagonizing the 
guanethidine-mduced displacement, m agreement 
with its activity in bit.eking the uptake of [-~H]NE. 

A blockade of the 5-HT membrane pump is also 
considered to be of importance in the n~echanism of 
action of certain tricyclic antidepressants [7, 32]. In 
the present study potentiation of the behavioural syn- 
drome produced by 5-HTP ~as used to indicate the 
effects of \arious compounds upon 5 - t i t  related tic- 
tivities [10. 11]. An effect in this test has been shown 
generally lo correlate with the ability of a compound 
to inhibit the 5-HT membrane pump [11], provided 
such an agent is neither at monoamine oxidase IMAOI 
inhibitor nor a releaser of serotonin [7]. Fnrther. a 
potentiation of a subthreshold dose of 5-HTP appears 
to reflect mainly an action on brain 5 - H I  neurons 
[33, 34]. In the present study, imipramine, but not 
desimipraminc, potentiated strongly the 5-HTP- 
induced syndrome: these findings are thus consistent 
with those of Carlsson et aI. [10, 35]. It is of interest 
that amitriptyline exhibited e~en more potentiation 
than imipramme. 

From the presenl studies, optimal potentiation of 
5-HTP in both the pyrano and thiopyrano series is 
achieved x~,hen there is present at position 1 a methyl 
group and a 2-dimethylaminoethyl alkyl side chain 
with a methyl group on the indole nitrogen. It is of 
interest that enhanced activity is obtained by replace- 
ment of the indole rin K by an indene ring, with the 
same groups at position 1 of the pyrano ring, yielding 
a compound, pirandamine, which like amitriptyline 
maximally poicnliates 5-HTP and is relalixely ineffec- 
tive in blocking NE uptake IW. Lippmann auld T. 
Pugsley, in preparation). 

Both compounds, i.e. 9 and 21 which, like imipra- 
mine, exhibited optimal 5-HTP potentiating actixity, 
also antagonized the H75,12-induced depletion of 
brain 5-HT. Such an antagonism is considered to re- 
flect a blockade of the 5-HT membrane pump as 
H7512 must be taken up by this pump in order to 
cause depletion of brain 5-HT [7]. Thus, the bio- 
chemical tindings correlate with the functional tind- 
ings. As these compounds do not inhibit monoamine 
oxidasc (T. Pugsley and W. Lippmann, in prcp- 
aralion), the present tindings support the conclusion 
that the\ are blocking the 5-HT membrane 
pump. 

f h e  structural requirements l\w blockade of the 
5-HT membrane pump shows some general charac- 
teristics similar to those l\~r the NE pump but xarious 
striking diltbrences exisl, hnipramine and amitriptN- 
lme blocked both. wilh lhcsc drugs generally con- 
sidered to exhibit a higher activity on 5-HT uptake 
[7]: desimipramine did not exhibit appreciable acti- 
;'ity on the 5-HT pump, but was potent in its action 
on the NE pump. Thus. in contrast to NE uptake, 
the prcscnce of a tertiary nitrogen is more favourable 
than the secondary for a blockade of 5-ftT uptake. 
A similar relationship between the compound 9 and 
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the secondary dcri\ati\.e conlpound 12 is apparent 
m the present stud',,. 

As with thc blockade of  [ 3 H ] N E  uptake, tile nail.ire 
of  the substitueni on the indole nitrogen was ,.,f reD- 
xancc for h igh 5 - H T  u p t a k e  b l o c k a d e  act ivi ty  in tile 
pyrano  and th iopyrano- indo les ,  l lov, 'exer, the n~o 
systems dif fer {ts, in contrast  to the ethyl  g roup  for 
i lmx ima l  N E  uptake blockade, the i-neth\'l group  
yielded tile nlo:,t a,..'li\c c o m p o u l l d  fof 5-H:1- uptake 
blockade.  In these tv,,o series, each of  the most  :.ictixe 
COtl~pounds ,.m tile 5 -HT pump,  like imipramine,  exhi- 
bited blocking action on bc, th tile 5 - t t T  and N E  
nlcnlbl-{ine p u m p ,  w h e r e a s  the m o s t  act ixe N E  p t l m p  
b locke r s  l a n d a n l i n e  ( 1 7 ) a n d  c o m p o u n d  13 d i sp laycd  
,.>nl\ v,eak el'fects on the 5- t tT p u m p .  

The resolution of the enantiotncrs of biologically 
active con lpounds has p ro \ed  to be o[" in lpor tance 
[36. 37]. T h e  presen t  s tudies  f t tr thcr s u b s t a n t i a t e  lh is  
lh~ding. The ( ) -emlnt iomor c,f l andamine  and com- 
pound 9 proved either to be great0r wi th regard to 
inhibition of the NE uptake or 0quivalent l\~r the inhi- 
bition of 5 -HF  i.ipt:.ike to the racoiYlate, whereas the 
( + t-enanliomcr ,<wts inellcctive or less eff0cti\c. 

HE-  and 5 -HT-con lah l i ng  neurc)ns ha\e  been im- 
plicated in a \ariet~ of centrally mediated ct]Tcts, for 
e x a m p l e  s leep [3<<'4[, lh.ermc, regulat icm [39].  beha~.- 
i,.,ltr [4(}. 41] and  d e p r e s s i o n  [41 -13]. With respect to 
deptession,  an increase in dri\e or psychc, nlcdor acti- 
\{ition in depressed patients has been correlated v,<'itl~ 
an inhibitic,1~ ,.>f brain NE uptake, e.g. des in~iprarn ine  
and pl+otr iptyl inc, whereas {l b r igh ten ing of  mood  in 
suci~ pat ients has been reki lcd to {tll inhibition of 
5-t f1- upt4ke, e.g. imif~ran~ine and amitript) line [7. ~4J. 
In each case, tile nel effect is probably ~iil iilcre{ise 
m the revels of NE or 5 -HT  ~.lt critical receptor sites 
m th0 ceillf{i] n0r\otl5; s}stenl rind thi~ is considered 
to be one of the imf~ortant factors in the ant idepres- 
sant act ion of  such drugs in hum{ms [144]. Agents such 
{is iandamine,  which is sho~n in the present stud,, 
t(.> be one of  the lllOM potent ;.Ind selcctive N E  nlenl-  
b r a h e  F, u rnp  inhibit,,>rs k n o w n ,  exh ib i t i ng  n,., apF)reci- 
able  effect o n  the  5 - H T  n l e m b r a n e  p u m p .  s l louM be 
useful for sludxin<,. > \arious ph~,.sioloeical. ~ acti',.itics of 
HE.  Where {in action on both NE ~ind 5-t1-1- nlei l l -  
brane ptlmp~, i> desired, coinpound:-; q or " I .  ~\hich 
respecti\el? exhibited activity either grealer than or 
equi\alent to inliprumine, \~ould be tisel'Lll. In this re- 
>peel. tandamine  is ctlrrenl]\ of  interest clinically for 
use  {ts an  a m i d e p r e s s a n l  d rug .  

hkmm' l cducmem,  The au thors  wish to, acknc, x,.lo_tgc the 
technical :.issist:.incc c,f Mrs B. Gut .  Mrs. G. ( 'arc ,x-(] ibson 
Alexander and Mis,; D. Muh,.~onc',.. 

REFERE'N('ES 

1. J. Axchc,d. L. (3. Whilbv and G. Hcrliing, Scicmu 133, 
3S3 11961L 

2. I. J. Kopin. (i.  t t c ru ing  ;rod t-. K. G,.',rd,.m.J. Phurnluu. 
uvp. Ther. 13g, 34 11962). 

3. J. GI,awmski and .1. Axclrod. tHutrmou. Rvt. lg, 775 
(1960). 

4. N.-F. Andcn. <\. ('arlss(',l~ anti J. lhtggcndal,  t .  Rcr. 
I'hurnl~lc. 9, 11 t) (1969). 

5. E. B. Sigg. l_. SollL'r and 1.. O \ e r m c c k . . I .  t>h<n'nlo~. 
c\l'. Ihcr.  I...12, 13 (1963). 

6. 1. P. Lapin and (i. F. Oxcnkrug.  /+,/nuu¢ 1. 132 {1969L 
7. A. ('arl~s,.',n. tl. Cc, rrc,Ji, K. |+ttxc 'and T. H~:,klclt. I:ur. 

d. Pll+lrnt+lc. 5, 357 (1969). 
S. A. ('..u'lsson. 1t. ('c, rrodi. K. t+uxc und I. tti~kfeh, l:m'. 

.1. I 'hurmm. S, 3(',7 <10691. 
9. J. ~'. Dal\ .  ( .  R. ( re \o i l ing  and B. \~,' itkop..l. nw, I. 

(hem.  9, 273 (1'-){',6). 
10. A. ('a1"lsso11. J. Jolla",OlL M. [.imh_l,.ist and k.  Fuxc. 

P, n6n Ru',. 12, 456 (19691. 
II..%. B. Ros'.,. i\. 1+. Rcn:i and %. (). ()grcn. I ' .ur.. I .  l"hm'- 

nl~u. I% 1(.)7 (1972). 
12. J. Bruin\cls.  Br..I.  I)horm~lu.-12, 2Xl (1971). 
13. I4. I ). Nlaickcl. R. 11. (',.',x..I. Saillam and I .  P. Miller. 

[ill..l. '\~('ttr(~Fh<nl)hl~. 7. 275 11'-)6NI. 
41. M. tt. ,\prisou uml .I. N. ttinglgcn. I'udn l 'r<a. 31+ 

I dcnlriend. .I ,  t'h~,nlo~, v\p. lhur.  !17, X2 (1956k 
15. tl. (hi\i,. ',,,..I. 'Uud. 2, 276 i1'-)71). 
16. I .  I+. I \crscn. in I,/l~,l,c, in lh'lql l.Cc,c<n</1 l i d ,  \ 

S. Ni111111+.'~nN :+ll)d N. J. lhirF, crL I+,. 1. Ac~IdcI+[IiC PfCM,, 
l .ondon (19651. 

17. A. (';u-lsson. K. I'uxe, B. Hambcrgcr  and 1. Mahnft+r'.,. 
Br..1. Phm'mo<. 3@ IS (IC)6gl. 

1<<'4. ~' .  l+ippmatm..I.  Fhurnl. I>h~+rnl<+(. 22, 56<"; (1970). 
19. R. A. Maxv, cll. P. 1). Kcnnan.  t'. ( 'haplm.  B. Rc, lh 

and S. B. t{ckhardl..1. I'h(lrlml(. CVl>. Ihcr.  106, +420 
{ 19(4)) .  

20. R. A. Max,:,cll. N. 13. Eckhardt ktnd 13. ltitc. J. /'hurnl<u. 
uvl,. lhcr.  171, 72 (1970L 

21. A. 1. S~11+11114. J. R. ]liSa\tee 4nd R..rX. N 1 ~t x x~ c ~ ) . .  / . 
t"hurmoc, c',p. 1 ]lvr. 178, .4.74 (1971). 

22. B. M. Askc\',. l.!1{' S,:'i. 111, 725 11<'7631. 
23. S. (iarattini.  +\. (+iachctti. A. Jcu-i. 1.. Picri and l VM- 

xclli..I. I'horm. I'hormoc. 14, 509 (19621. 
24. M. (}rah(p,~sk:t and .I. \'hti. l)i,. Phurm. l'h(n'mu('. 21. 

527 (1969). 
25. B. ( 'a l l ingham and R. (. ass . . I .  I>hurm. I)h+lrmoc. 14., 

3N5 (19621. 
26. ( .  A. ,<';t,.mc. ( .  ('. lYe',r/or. J. \1. Sl:.t\or~,k 3. ('. [. 

Luddcn and .I.A. re, tare,..I, t'h~n+m<a . C\l). / h,.'r. 1.-14, 
196 { 19641. 

27. ,\..1. Kuuln~lan, N. Bassa and ,'\ ( .  f4quini .  l h 'd i t i n , i  
24, 70 (19641. 

-~, _F,. F,. I)luchhlo. ,\..I. Mu',kus and R. l)hichino, d. t 'hur- 
him. cv F. Thor. 1741, 44 11969). 

2% (i. l lcrtting..I...\xclrc>d and R. W. PatrM<. Br. . I .  I 'hur- 
m<u'. Ig, 161 11962L 

30. 13. B. Brodic. C. C'. (_'hclilg ailt[ It. ('oMu, 17r..I. l>hm • 
re+l<. 25+ 171 (1965). 

~1. \~'. Lipplll~lnll. Hioehcnl. I'h~lrnl,l<. IN, 2517 t196(.ll 
32. I'. l_idbrink. G..hma,,c;n end K. I-uxc. ,%uur,,ldi<,'m,u, 

Ioql Ilk 521 (l'-)71). 
33. J. Hxtcll and B. Ljalland. Isur..I.  I'h,n'mm. It), 112 

(1972). 
34. K. Xlt>digh and 1. 11. S',enssc, n. hb'..I, t'h~n'nl~ic..-16, 

9-'" 32(1 ,M. 
35. :\. ( 'a) lsson.  K. t u x c  4nd I!. I !n~crs tcdt . . I .  l'horm. 

I)hctrm(u. 20. 150 (196,<'4). 
3,5. .I .T. ( ' o \ l c  and ~. tl. 5,\rider..I. t'h~n'niu<, u'.p. l h c r  

On 1711, __1 (IC.l(,9). 
37. I. Mollcr-Ncilscn. V. Pcdcrscn. ~1. TNI)IllCII'k, g.  t .  

I-i+mlc. [7. t3ock. B. Pjallan mid A. V. ('hristcnscn. htu 
iglurmuc, u~iu+,l 33, 353 (1973L 

3N. M. . l e e  ~ct, ,'7< i,.,m+u 163, 32 I 1069 ). 
39. W. I%ldberg and R. D. Me,cry,..I. l'ht,i,d., l.+,mL 11,16, 

416 (1065L 
40. ('. D. \~'isc and L. Stein..",'(/uric,.' 163, 290 (1967L 
41. M. tl. Aptison nnd . I .N .  t lmgtgcn. I'edn l>s',,< 31, 

121 ¢J~ ~1 '_L 
4_..1. J. Schildkfaul. G. M. 5;chanbcrg. (L R. Brcc~,c and 

1..1. Kopin. tin..1, l)~,lchiut. 124, 600 (IC)671. 
43.. , \ .  (',.+ppen. ,1. p~l'chiu+. Rc~. 9, 163 (1972). 
44. (i. \\.'. \q lcro[ l .  l). t{cc'lcston. 1+. (i. Xiurr;/\. \. I kl 

( 'o]/cn ttl~cl T. B B. ( 'r;t\\ lord. I+un<cl I, ,,71 11972). 


