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Tctrahydroisoquinolinc (TIQ) alkaloids comprise it 
large group of naturally occurring (plant kingdom) 
its well as synthetic compounds, many of which exhi- 
bit pharmacologic actions on nerves and smooth 
muscles. Recently. two hypotheses attempted to relate 
the potential biosynthesis of TIQ alkaloids from cate- 
cholamines in mammalian tissues to some of the ac- 
tions of alcoholic beverages and the sequelae of alco- 
hol intoxication, Both h,,potheses invoked the ethanol 
rnetabolitc, acetaldehyde, as a critical intermediate. 
Acetaldehyde is generated mainly in the liver where 
a slnall portion escapes metabolism and passes into 
the blood stream. As a result, all tissues of the body' 
arc pcrfused with acetaldehyde. 

TIQ alkaloids 

Simph" TIQ alkaloids. One hypothesis El 3] pro- 
posed that acetaldehyde condensed directly with en- 
dogenous catecholamines m tissues to form substi- 
tuted 6,7-dihydroxy-TIQs (Fig. 1). The similarity in 
structure between the T1Qs and the catecholamines 
opened the possibility that TIQs would interact with 
mechanisms that normally regulate the physiologic 
properties of catecholamines. For example. TIQs 
might be sequestered within adrenergic nerve ter- 
minals and subsequently leaked or discharged into 
adrenergic receptor areas, there to function as acti- 
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Fig. 1. Top panel: the Pictet Spengler condensation of 
catecholamines with aldehydes to form substituted 
1,2,3,4-tetrahydroisoquinolines (TIQs). Bottom panel: (1) 
salsolinol, the condensation product of dopamine with ace- 
taldehyde: (I1) tetrahydropapaveroline, the condensation 
product of dopamine with 3,4-dihydroxyphenylacetalde- 
hyde: and (Ill) 1-methyl-6-hydroxy-l,2,3A-tetrahydro-fl- 
carboline, the condensation product of serotonin with 

acetaldehyde. 

vators (agonists) or inhibitors (antagonists) of cate- 
cholaminc receptors. Or. T1Qs might bind competi- 
tixel', to en/yme systems thut svnthesi/e or limit the 
actions of catecholamines. The physiologic end result 
was envisaged as all tmnsual alteration in function 
within the affected adrenergic system. In this way. 
TIQ alkaloids in adrenergic systems might contribute 
to the development of dependence upon alcohol and' 
or to the gcncral pharnlacologic erects of ethanol in- 
gestion. 

Thc experimental basis for the hypotlacsis was the 
demonstration that TIQs wcrc formcd \~ithin the ca- 
techolamine-rich cells of the adrenal medulla during 
perfusion of cow adrenal glands with solutions of ace- 
taldehydc [1,2]. Synthesis of TIQs wits observed with 
a concentration of acetaldehyde as low as I /~g/ml 
(2 x 10 s M). a level reported in the blood stream 
of persons ingesting alcoholic bcxcragcs [4]. 

ComFlcx TIQs oml "'morl,lfim,-likc" alkaloids. 
Another h.',,pothesis [5.6] proposcd the biosynthcsis 
of a special TIQ. not formed directl\ fiom acetalde- 
hyde. Since acctaldch\dc can connpetitixely inhibit the 
aronlatic aldehyde dchxdrogcnasc, it was suggested 
that the aldehyde product of dopaminc (DA). pro- 
duced in brain bv monoamine oxidase, would bc di- 
verted from furtl~er oxidation to an acid. This alde- 
hyde (namely. 3.4-dih3droxyphcnylacctaldchydc I can 
condense with DA to form the TIQ dcriwttivc tctra- 
hydropapavcroline (THP. see Fig. 1). Davis and 
Walsh. the proponents of this laxpothcsis, \~crc mter- 
csted in the possibility that THP. formed in mam- 
malian cells, would bc transforn~cd to complex multi- 
ring structured alkaloids, termed "'morphine-like'" ill- 
kaloids. The basis for this supposition was the obser- 
vation that THP served as an mtcrmcdiatc in the s~n- 
thesis of morphine in the opium t~opp,,.. The bio- 
chemical basis for physicul dependence on alcohol 
wits envisagcd as formation of THP. which might 
have an addictive liability of its own. and wlfich 
would be further transformed to addictive alkaloids 
of thc morphine type. The molecular mechanisms for 
addiction to ethanol x~crc not further spccificd, cxcept 
for the presumption that they would be similar to 
morphine. 

Although THP is not rccogni/ed its a produc! of 
DA mctabolism in manlmalian tissues under basal 
conditions, earlier work by Holtz ,'t al. [7] had shown 
that THP wits formed when liver miiochondria x~cre 
incubated with DA. The experimental support fill" the 
Davis and Walsh hypothesis was based 011 similar 
studies with homogenates of rat brainstcm [5. 6]. In 
this system, when [~4-C]DA was added. 47 per cent 
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¢~1 lhc dcnlnin:.tl,cd product nl',pcarcd ;ts [ i 4 ( ' ]T t tP .  
\~hcn ~lcctaMch\de ,.\as added in conccntrati,.,ns of 
().>. I-I)mM 2.0 raM. the amount of [~a( ' ]THP rose 
iH IllClCl/lcnls It; 5< <'4. ('~4 Lllld 05 pCF ccnl, respccti\cl 3. 
I)ttrin~ l,hcsc expcrimctll,s, nol, onl\ T i l l  + was Iormed 
but. ct,.lditi<.mallx, the acctaldcil,,dc cc, ndcnso.t dircctl\ 
~xitla [ :a ( I I ) . . \  to ~icld lhc simple TIQ.  [ ~4(]salst~- 
l inol  IIig. I). (onsidcl-alion ,,',,as gixcn to the possibi- 
lity tll:tt s:llsolinol mighl ulso pla 5 a role in mcdktting 
,(mac of the Ltcl. ioll<-; t',]" e thano l  IX]. 

In more rcccnl, x\ ork. I)ax is cg ,d. ]0] haxc i-Cl,ortcd 
thHI I~:( ']norcpincphrinc i [ l * ( j N l ! )  added I,o rat 
{~RliI/SIc'II/ hOlllOgCl/Lllc_'S \~,LI~, [rtlnsiIt)llncd to 'd sub- 
stance p,.,s:,essirJg the plosic;.il  propert ies  of  :.m hv- 
dI'OX\ latcd l\wm of THP. Product formation x~tis en- 
hanced b\. the addil,ion of I~all~iitHatcs. Addilionzill 5. 
the mcl,zil~olisln of injccl,cd [ 14(,]Tftl ) x~as studicd in 
ILII,",. L/Ill] 2"5 F, CF CClll \>.,tlS cxcrcl,cd gig a giIOtip of  
COmlqC\ i~rololx'rbcrinc alk:.lloids [lOJ. 

I~oiihms o1 l,,ilc mcwpl'dnc-alkaloid h xpoihcsis have 
bccn cri l ici/ed [11 13] '<lnd Daxis aim Walsh [14. 15] 
hate iCSl~onded. ()no l,cchnical point it]at requires 
cittrilicul,ion is th:ll, while :.icc'l,:.ildel~\de is invoked :is 
Lll) iuhil~il,oi of  l,hc o\ idat ion of urom:.itJc aldch\dcs. 
<,iilliku inlfihitiola i> obl,aincd ~i th antabusc (distilt]r- 
~illlL tl drug Ircquclltl> used in l,lw l,ical,mcnl of nlco- 
laolisnl. It \ \ouid seem l,i~al, ;ll'lt;.ll-,ti~>c b\ ilsclf (no iilco- 
tloll ,,hould plon/tHc t~:,lnl~ltioll ,.li T i l l  ) in blaii l. 

. \ l l l ;ough l,hc rclll:.iilldcr of l,his colllnlcllt~ll'\ ~ i l l  
1]oi, cle~il [urthcr ,A ilh l,hc h>pothcsis conccrnh-~g "nlOl- 
ph inc- l ike  alkaloids .:llld alcoholism, cxt~eihllclHs 
x~ilh T i l l  > 'dl-C h~cludcd m some o1 l,l~c discussion 
~lbclul Ihc propcrlics o1 Tl(,)s. 

.%;nlh<'q', und  Iffo<`rsltllc',i <, e l  T I Q  d//<d/old <, 

()lTUl/iC chemists i~a\c uli l izcd the condensation 
reaction uf aldehydes \~il,il phc'n>lclh 3 lamincs (Piclcl  
%pcuglcr condcnsalioll) under c(mctilioils of strong 
ucidi l \  uncl i~i~i~ lcmpcr~t turc to s\nt l~csizc u \aiicl, '~ 
el  siinplc and complex TIQs [1(~]. As call> as 1934. 
it \\'<i~, ~,llo~,il Ih~il b>.o cntccholamincs. D,,\ and 
cphm~c, condc_'nscd spontancousl> with accluldeh)dc 
~li i~ctllrLil pH and al l lbienl tcll lpcratti ic [17] .:ind this 
iOtllC p>LI> i~roposcd ~is ;i Iqos~nthetic path~a 3 ill 
pltu)b,, l h c  h\drox~l. . groull in ihc 3-position (Fig. l i, 
Iml 1/o[ LI nlcl,[lo',.\l glOUp, acli\L/Ic's tiw I~ ,L'I1 /c - ' I lC-  " Iil/g 
<tl/ci I<lcilit~tl,CS Sl+V)lll~tncotis ring closure of the 
h/icrnwclicilc SchilF~, bust ul ncul,ral pH I tS t- 

/he Pictcl, Spongier condL'nsalioil reuclions o[ 
ClqnClqWinc (l{i. H I .  I)A ;inct i -dop;.l with aldehydes.. 
~,uch il>, Ibrmaidcl~\dc. acetuldci~\dc aiM i~>ridoxal 
phosphatic, hu\e becil >tudicd in :.tCltleotis llctll,ral solu- 
lioll [2. 3. 17 201 ~ttld in Ihc pteSCllCC o[ lisstie }101110- 
.~Clltllcs [0. S]. In:ldxcrl,cnl, s\nlhc:.;is o1 'the Il(.,) con- 
dcn-<tlion prochicl o1" dopn c/l~d acclLIldch\dc was rc- 
i~oil,cd in samplc,~ of stored [-~H]dopa 121]: appur- 
cull',, accluldcla\dc xttls gcncralcd l iom lhc clhanol 
]'li,.."-,CF\Lili\c durilag rcldio-deca\ o1 the [~tt]dopci. 
l l q ) s  LIFe also recognized iniermcdial,cs in the [oi-nlaldo- 
h\dc condensation rnclhod [or \ isualizhlo DA. NE 
or I! tiilclcl the l]tiorcscellcc microscope [22 ] .  

(ondcn.<il, ion i,roducls ~irc [ormcct m adrenal chro- 
innl/hl cells duih~g i-~ci-lusion o[ co',\ :.ldrci~;.il glands 

] .  I 5,1~Jssn)an..I.R. Reid. I). \ .  \VMsh and 1,]. ] .  
i/orch:uch, i11Ltlltl,,Clipt il; pICl~iRi{iIH1 

\,~ilh acctalddlyd~.' [2.23 25]. Total convcrsic, n of en- 
dogenous t and N I  to the corresponding TlOs  has 
bccn obscrved lifter perfusion of glands with I mg 
lornla ldch\dcml  [3]. In perfusion studies \~itil 
F ~a( ' ]aceta ldehyde .  oxcr 95 per cent of tile ~4-(, \~ilifin 
the etdrcnal chromalfin granules ~ l s  m l,hc form of 
I ~ ( ' ] T I Q s  [24 ] .  

F o r m a t i o n  in r/re of small quantities of Tl(,)s has 
bccn reported. Evidence fi.)r the formation of Iorinal- 
deh3dc-derixcd TIQs in liac adrenal glands of rals 
during lncthanol intoxication ~xas obttlincd with 
fluorescence und ~a(-tracer methods [26. 27 ]. Collins 
and Bigdcli [2,v,] used n gas chromatographic mettled 
to dcmonstralc tl+c tot-mation of saisolinol in tl+e 
bl+ttins o[ rLil,s treated with ethanol combined \~ith 
other drugs. Sandler c ta / .  [29] used ',t gas chromato- 
gr:.lph mass spcctrolllcter conlbil!Litioll to obscr\c Ihc 
ptcscncc of salsolinol und THP ill the tuinc el + Par- 
kinson palletits in trcatmcrfl wilh L-dopa. x~,ho drank 
ti lest dose o[ e thano l  levels of salsolinol before cill- 
anol inloxicaiion, as originally rcporlcd, v, crc sul~sc- 
quentl 5 found to be duc mainly to trace aldch,~de 
contanainaticm of the solvcnls used for cxh-uction {M. 
Sandier ~tnd M. Lcngycl. personal communication). 

Trom, nl i t tvc- l ikc  prolwrtie.s qt 7"10. <̀ 

{ F m k v .  T1Q condcnsalion products of DA or NI{ 
with lormaldchxdc or acctaldchydc arc taken tip lille 
rat brain s3nLlplost;lnes [30] ~lnd into sympaihel,ic 
ner\c endin<,s~, in lhe hearl, iris. pineal and sali;ar'~ 
glands [31 33]. I.:ptakc is blocked bx n-aditional 
:lgcnl,s such as desmclhylimipraminc and cocaine 
[31.3211. Addilionallx. Tl(,)s inhibit uptake of calc- 
chokmlincs inlo l~.i[ brain synaptosomcs und tissue 
slices [30.34 36]: the inhibition by salsolinol is of  
l,hc cornt-~ctil,i\c type L35]. Thcrclorc. lhc uptake s\s- 
Ictus for T1Qs appear to he similar to those for the 
c:.ilcchol:.unincs. TIQs urc also weak inhibitors of lhc 
uplakc of :-;crotonin into brain slices [34. 371I 

SlOt'd~ld. TIQs formed in the adrenal gland during 
pcrfusion with ucctaldchvdc arc stored m chromal]ill 
gl':.llltlles, [24. 3,":]. I Icclron microscopy ha:--; sho'An 
that 6.7-dihsdroxx-TIQ is stored in Ihe calcchol- 
amine-binding \esiclcs of the iris and pineal gland 
[33]. Fluoresccncc microscopic cxidcncc indicate,, 
Ihnl, the ]:.lltel-TIQ is taken up hll,O \csiclcs. c\cn 
in iIC~,crpini/cd animals [321]. 4 . 6 . 7 - T r i h > d r o x x - T I Q  
(NI{ colMcnscd wilh formaldchydcL on the olhcr 
hLllldI does not c.'nl,cl rcscrpini,'cd \csiclcs [32]. 

l?,c/,.'d.sd ~!1 ddldd/lOldllliltt'>;. The addition of TIQ<; I,o 
ral, brain s3nLltllt ' l ' . ;Oll/eS Of l,issuc slices labeled x~il,h 
L~H]catccholamine results in clt]ux of lhc [~H]cutc- 
claolzunmc [30. 35.30]. Thi:--: is probubl> ,._tuc I,,., l,hc 
displaccmcl~t of catccholamines from StOlLlgc siles. 
The rcleasin- action o1 ¢~.7-dihvdrox\-Tl(.) on 
[~tt ]DA in rat brain slices can bc disl,inguishcd from 
a Stlongcr inhibitor,, action on l,hc uptake and ac- 
cumulal ion of [-~H]I:)A [ 39]. Release of [SH ]Nt: from 
s31npatlactic ncrxe tcrrnillals of the hcarl, in r i te }-,\ 
scvcral TIQs administcrcd :,;ubctltancotl:41',, has been 
ctcscril-,cd.* There is e\.ridcnce that direct iniccliori of 
6.7-dihsdloxs-TI Q inlo the lateral ventricles of lhe 
brain results in the release of catccholamine~, from 
central nerve terminals. [40]. 

Rch'oI<,V q/TIQ.<`. TlOs  formed iH .stilt ill tile udrcnul 
medulla during pcrfu,,ion of ndrcn~t] glunds \x il,h ace- 
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taldehvdc arc rcleascd along with catecholamincs dur- 
ing stimulation of thc glands with agents such as ace- 
t\lcholine or carbamvlclnoline [23,25]. The release 
process lbr TIQs is ( ' a :  ~ dcpcndcnt and is probably 
identical to that tk/r tile catccholamincs {viz. exocyto- 
siM. In the absence of Ca e+, the eltlux of catechol- 
amines during pcrfusion with acetaldch\dc becomes 
dissociated from tile cltlux of TIQs, which arc re- 
tained within tile gland [25]. Dcplctiol3 of 6.7-dilDd- 
rox3-TIQ from s3 mpathctic ncr~e terminals of the iris 
during electrical stimulation of the s3mpathctic truilk 
li.c. the prcganglionic libcr) hlts bccn obscrvcd b\. 
lluoresccncc n3icroscop3 [32]. In addition to release 
b\  stimulation, there is a propcnsit 3 for TIQs to 
"'icak'" From the tmstimulated adrenal and flom decen- 
tralized synlpathctic ncr\cs [23.32]. 

RccvpIor rcspon.s~,.s. During elcctricall~ stimulated 
(preganglionic stimulation of the superior cervical 
ganglion) release oF (~.7-dihydroxy-TIQ from sym- 
pathetic ncr\e terminals of the c\e in NE-dcpletcd 
rills, the following chtlngcs indicated actix.ation of al- 
pha adrcncrgic receptol-s: retraction of the Lipper eve- 
lid. protrusion of the e\cball imd dilation of the pupil 
[32]. Such rcsponscs ~lre t3pical lot the stimulated 
release of tile natural transmitter (NE) in normal rats. 
Thcrclbrc. (~.7-dihxdrox3-TIO appears to exhibit 
agonist actions in this s\ stem. However. 6,7-dihydroxy- 
TIQ ~as rclativelx inelt'ccti;c in altering blood pres- 
sure or heart rate i13 ritts [41J. Some central and pcri- 
1-,hel-al actions of a series of h3droxylatcd and O- 
nleth.,,lated TIQs ha;e becn described b,, H jeff ~'t a/. 
[42.43]. Incubation of lhc isolated vas dcfcrcns with 
6 × 10 > M concentlalions of 6.7-dihxdrox3-TIQ or 
S(--)-salsolinol results in modilications in the end 
organ rcsponsc to stimulation of the sympathetic trunk: 
both the "'twitch" (rapid contraction and relaxation} 
and the second phase (sustained contraction) were 
ahered [44]. 

Miller ct u/. [45] ha\c studied the activation of 
adcn\l  c\clasc ill the striatun3 by 6.7-dihydroxy-TIQ: 
in their s\stcm, salsolinol appeared inactive. Sheppard 
and Burghardt [46] reported blockadc of striatal 
adenyl cyclase by' the R( F I- and sl--Fstereoisomers 
of salsolmol and THP. There is extensive literature 
Ol3 bcta-agonist action by' THP and other 1-benzyl- 
substituted TIQs on, for example, the guinea pig 
trachea [47] and rat adipose tissue [48]. The s( t 
conli~rnmtion appears to bc l itvorcd in these systems 
[36.47 49]. ln.iection oF 6.7-dihydroxy-TIQ or salso- 
linol into the brain exokes changes in body tempera- 
lure [40.50]. which lna~ bc due largcl', to release 
of cndogcllous catccholamincs [401. 

Ollu'r propcrHcs ot "ll(_).s 

3.1ctabolism (!l TIQ)s. O-mcth31ation of TIQs by ca- 
tcchol-O-mclhyl-translL'rasc has been studicd in tissue 
13on3ogenatcs and \'~ith ptirilicd cnzvnle preparations 
[51 54.*]. O-methvlation of both l:)A-derivcd TIQs 
[52 54.*] and Nt(-derived TIQs [51] was reported. 
Crcvcling ~'t a/. [52] reported that both thc 6- itlld 
7-positions of two DA-derivcd TlOs were mcthylatcd. 
Salsolinol and THP  were competitive inhibitors of 
the O-methxlation of DA [53]. There is no cx, idencc 
that TlOs arc metabolized by monoaminc oxidasc. 

Inhi/~iti¢.l ~?! ,lo;1oa;nin~' o.vida.~v. Salsolinol and 
THP [53.55] competiti\cl} inhibit the dcamination 

of serotonin in rat brain and liver homogcnatcs: K~ 
values in the rangc of 0-14 to (t.35 mM wcrc reported. 
6,7-Dihydroxy-TIQ. taken up into nerves of the rcscr- 
pinizcd rat. markedly improved the accumulation of 
[3H]NE ~.lnd diminished the levels of 3H-dcaminatcd 
metabolitcs in the sympathetic nerve plexus of the 
heart in t'/vo[56]; such results are typical for in- 
traneuronal inhibition of monoamine oxidase. 

Stcc~'oisomers. Substitution in the l-position of thc 
TIQ ring provides a center of as'~nlmctr\. Thus. two 
stc,coisomcric forms arc possible on condensation of 
catccholamincs with acetaldehyde. Tcitcl and P, rossi 
[57] have discussed tlnc potential importance of the 
absolute conliguration in the l-position. If the condcn- 
slttion reactions in tissues wcrc to He catalx/cd b;  
enzymes, preferential formation of one of the stereo- 
isomers would not be unexpected. Recent studies have 
demonslrated differential pharmacologic properties 
lor tile R- and s-stercoisomcrs of several TIQs. inchtd- 
ing salsolinol and THP [36.4(3.48.40]. \Vllen a COllier 
of asymmetry pre-exists in the parent catccholaminc 
(e.g. L-norepincphrinc or t.-dopaL el.s-or H'all.',-isomcrs 
can bc formed prcferentiall3., cvcn in non-cn/ \mat ic  
reactions [57.5N]. For example, acctaldehxdc con- 
dcnses with i,-dopa to form the cLs-product prctL'ren- 
tially under acidic conditions, but the ~icld of Iron.s- 
product can bc increased from 5 to 25 per cent b\  
cltrrying Otlt the cyclization reaction in phosphltlc 
bull"or at pH 7(1 [57]. 

C>ifical arcax li," lhrHTcr work 

,~lt,axurcment ¢?[ hio.sy;llh~,.~ized TIO alkahHd~ i;; li.s- 
sm,s. It has been dilticult to document the lexcls of 
TIQ alkaloids formed m the brains of experimental  
animals during exposure to alcohol. The amounts 
present arc rclatixclv small and there arc dil/icultics 
related to the separation of TlOs honq catechol- 
mnines. The single success to date has been the exper- 
iments of Collins and Bigdcli [28[: these inxcstigators 
showed that TIQ Ic\'rcIs in brain \vcre in the range 
of 1 per cent of the endogenous catccholamincs in 
animals receiving ethanol along with parg3.1ine la 
monoamine oxidase inhibitori and pyrogallol lit cate- 
chol-O-mcthyltransfcrase inhibitor[ The obscrwd 
TIQ levels were close to the lower limit of detectabil- 
ity with the available methodology llt gas chromato- 
graphic electron capture mcthodl. The importance of 
the ~ork lay in its demonstration that TIQs ~ c r c .  

in fact. formed at the proposed sites m c/re. Whilt 
is needed now is further development of methods cap- 
able of routinely measuring TlOs in tissues, particu- 
larl 5, when mctabolic inhibitors arc not used. This 
would provide the means to e;.aluatc the relationships 
between quantities of TlOs in local brain areas and 
behavioral events (e.g. drinking behavior, withdrawal 
signs) or plnarmacodynamic cvcnts Ic.g. catccholammc 
turnover, receptor scnsitivity). 

A relatively simple radiocnzymatic method would 
be a most welcome development: the method mLIst 
bc capable of distinguishing the TlOs from endo- 
genous catccholamines and their mctabolites. An im- 
munologic radioassay could provide the required Sell- 
sitivitv and specificity. Gas chromatograph3 mass 
spectrometry represents a potentially \aluablc. but cx- 
pcnsivc approach. There has been limited success with 
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a qt ta l i lu t i \c  method hascd on the con,<crsion of non- 
fluorescent T l O s  to I'itlorescent d ihydro i soquino l ines  
Ih\ heat in the absence  of  lbrnlaldchydol  for direct 
microscolqC oxaminatiot' l  of  the adrenal medulla L2cq : 
but the method could not hc applied in thc stttd\ 
of  peripheral adrcnorgic iict+\ 0s, (unpuhlisl lcd ol~sci-va- 
l ion;. 

T I e  meml>oli~CL+. In a stud.,< with [-~HJf+.7-dih_~droxy- 
+r io.  ti~c O-mcth\ la tcd forlnlSl appc i rcd to bc re- 
tained in sympathetically innervated tissues, sucl+ as 
the heart alld sali+at 3 glands, in ~imOt.lnts glC~ltOi + than 
or 0qual Io the unmctabol izcd T I Q  [31 ]. With the 
exception of  tile carl\  >,tudics of H jor t  ~'t +t/. 142.43] 
l i t t le ur no \~otk leas boon directed to+~aid the phar- 
macologic pi+opcrtics o[  O-n lo th \ l a tcd  TIQs .  nov, rc- 
cogni/cd as mctaholitcs. It is not known whcthcr ot + 
not O-molh\ la tcd [+oYi11s cat1 exert llcurotratlsi+nittci + 
or other actions in adrcn0rgic s~stoms. 

t/mcaLIsc there is an ini~orcnt di l t icuhv in c\a luat ing 
the signilicancc el + unmolabol izcd ] ' lOs  excreted in 
the urhlc, motahol i tc st;;dies would hc most i m p e l  
tall; in invoslig~ttions concol-nod with I~ttman su/'ticcts. 
I )o T I Q  products iound in urine arise from lhc con- 
dcnsation of excrct0d cildehyde ;ind excreted ca;ethel- 
an+lines dur ing storage in the bladdel7 Since 3-O- 
moth'+kited ca;ethel;refines appear ;lot to undergo 
spoi~tancous ring-closure reactions wi th aldehydes. 
the ptcscnco o[ ti~c co r r e spond ing  6-O-mcth31atcd 
Tl(.,)s in uriric couM mcarl that  such T I e  motahol i tcs  
x\crc not lornlod in the bluddor. Arc excreted TIQs 
It~lnlcd m It\or fii t r i \ ia l  site) or al :.idrollcrgic loci'? 
This question ~xill hc nlorc ditt icult to allS\\ol. 
Nonetheless. mctabol i ic  stuctics i l ia \  tOplcscnt the 
hcsi upproaci l  t;nr hul+nan st;;dies. 

lhm' milch T IQ i,~ r~'<l+dr<'d to ahcr odrcllcrgic iC+11<'- 
;ion'? Tiacrc is no cxpcrinlcntal  answer  to this ques t ion  
fit the current  time. mainly  because iI+icthodoh~g3 is 
not a \a i l ah lc  to tout incl  5 moustnc  T I Q  levels in ud- 
rcncrgicully inncr \a tod  iirc~.ts. Hov,,.o\.cr. son+it appre-  
ciat ion of  the potent ia l  of IL'cts of T I Q s  present  iri 
s111all +:tnlounts (e.g. I per COl+it o1 loss of  the cori+o - 
Sl~onding cat0c]~olamhlcs) can be gleaned fret11 the 
ik~llo\\ing thcc>rctical ccq~sidcration. It has bccn csti- 
nlatcd ftonl I]uorosccl+tcc microscopic  stLidJcs thtit the 
:.lbst,lutc COl+lCCntt;ItR)llS of  C:_l{cchols+lnlincs in peri- 
pheral  s_~mpathclic nor'cos arc in the range of  6 × 
l() ~ M in the rat [59] and 6 × 1() -+ M in the 
nlousc [6()]: .Ionssoll L61j ostinlatcs a concontt-at ion 
~ls hi-<,h as ()q NI v, ithin the ca tcchokunino  s toraoc 
\csiclcs. Those arc nc,t t)u/l;tgCOtlS cstJnlatos. ¢lS tile 
lc\ols of  catoclw>lanlinos in the adrcrial medulla.  
recast;rod h\  s tandard  chcmicul  tccl'miqucs, arc hi the 
range of  ,<-; >~ 113 " M [(+2]. ( ' o n d c n s a t i o n  of  1 pot- 
coil; c)[ cndc>gonous c t t ccho la ln inc  with a c c t a l d c h \ d c  
in nct+\c terminal  areas  could t+csult in cndogct!ous  
TIC) c,.',nccl+ltrtitions in the ritngc o f  6 ;~< 10 5 M to 
5 - 10 ~ M. l:!xprcsscd a s / , g g  o f  t issue.  T I Q s  m i g h t  
; lppoat to  bc prcscnl in +'trace" amounts .  But. local- 
ized m nerve lerminals ,  these coFtcelltratiOtlS could 
sutticc to exert p l larmacologic  actions.  W h e n  T I Q s  
ilt+o pharn~acologically inct+l or \'+lion the 3 function as 
\"+oak agcmists, its do II1{111\+ of  the kno\vll "'lhlsc {leans - 
mittcrs.'" no change in adrcncrgic function x\ould bc 
expected when the amOl.lnlS o[" T I e  iil-C small rc latbu 
hn the L'lldogcllotls catcchokimhlcs. I-tonic\or. ~vi~cn 
lhorc is aR untlstia]l\ high nl ' I]ni l\ l\~r a tcccptor or 

enzyme u n d e r  ~,hon TIQs posses,, a propcrl> not 
dircct l \  competi t ive wi th the cat¢cholamincs. Iq~}.sk+- 
logic sequelae ~ould  hc anticipated. 

A provocat i \c  theoretic aspect 1o I~o c~m~,idcrcd li)l 
TIq) ftlnction is their app, ; rent  l cndcnc \  t<, ' l c t k "  
from coils [23.32] :  this i+~hunon/cnon col i ld io~,ttlt ii~ 
a le la t l tc  ctmcenlt-citin+~ cl]~2ct i\+r TIC,) m e t  catcchol- 
~mfino in the s} naptic cl¢lt. \ d d h i o n a l h .  ram,dent t ic 
\ a t i ons  o f T I Q s  rckiti\'u to, ca tocholamincs  ..it roucpt,.>r 
situs could result f ionl the rckt l ixol\  \',c;ikcr al]init~ 
o fT1Os lor l let l tol lal uptake nlcchaili~;lll ,+, 134 i ;is ~cil 
;is thoh + I:.lihiio tn bu nlcti lboli ioct b\ tl lOlltuii l lh/c (+\i- 
das+. 

qra i id ,  i I i lv q l  TIQ.<,. ( 'o i l i t>  :lnd I~.c.'lil+.>/ck [++t I 
ha\'c succossfull\ '+\nthcsi/cd 4.6.7-trih~dro\.~-Tl(). 
the ct)ndoilsation prt+duct of HI{ ~ i th  [~;llnlalctch\cl+ 
However. pttrc sltmplcs of  itcctaldch\do-dui+i~ud ]1(2 
derivatives hvdrox\ la tod in t lw 4-positi<m (COIFC 
spending to tile /7-hydroxxl ~I-Otlp of  NI and Il l  ]/Jx.c 
no\or boon prepared. ( ) igan ic  s\nthcsis <it those com- 
pounds, nlakhl 7 thcin ~tvuilahlc lot hioh+gic u\t i lu- 
~.ltion. is til-gcntl} iuquired. The dit'cct ccmdcl>>atiun 
o f  Nil  or l: \vith '<icotaldch3do in ~ttlllCOtl,+ s+.~luli,.+t/ 
can provide those TIQs.  but contallliniilo.l ',.,, ilh sc\ci  
al p roduc t s  of  uncertain idonti t \  12.31: those ct+nt~t- 
nlhlants rl la) t+cprcscnt stcrcoisomcr>, [ 57.5X ] <or ring 
closure to the 2-position o1 the c;itccll<+lanlinc tin~ 
(ortho to the activating hxd ro \ \ l  gr ,tip -,uc I ig .  1~ 
[IC~. 5,<';. (~4]. Stereo;seniors  of  T IQs  dc r i \ cd  Irom D \  
and L-dopa h a \ c  been roccntlx sxnthc~,i/cd I571 

F'llarmocological ollU ],<'l~clH+,o[ sludic~. I t l l lhcl  
,aork is needed to c \a lua to  the ~lcliC, n., o1 r l Q s  ten 
various isolated adrcncrgic  s \s toms.  :is ~\cll ~l,, ,oil 
dr ink ing /~chuvior and other bcha\ iota]  c\cnts in in 
tact atlimals. ~o111t2 ic_'ccnt studios oll'cr l~itm+isitlg nc\t 
loads. M. Hami l ton and M. Hirst Iporson;tl cnmnlut/ i  
cationt llu\'c ohscr\cd th~+tl "+ulsolinol tt l l t l igoni/c> tl~c 
contractiOllS induced h\ scrtHonin in nil sh+m;ich and 
tltCrtls prcparat iol ls;  of par l iculur interest. ~lnlil~t)lll<,l11 
of rcsponscs  to the i~ituitary hoi-ilW, ilC,+,, ox\  to>tin and 
\'aSOlU+CSsin. \\:its obscl \cd in isolated tissue prop- 
;ira;ions. Bhii11 ct ~1. [65] rope>tied thai i l i traccrchrit l 
in.jcctions of ¢~.7-dih)droxy- H e  increased +\t ithcha~ 
al'" scores (h31~cr-uxcitabilit > on l~andlhlg)in mice prc- 
viousl 3 cxposcd to clhanol. , \mi t  and ;tsst~ci;itcs h:t\ c 
obsclvcd changes in free-choice ;llcoi~ol co l>umpt ion 
in animals rccoivhlg ccntt-al inlusion'< of T i e s  ipcr- 
sonal comn~unication: oil Rcl. C~(+). 

Ross ¢'+ o/. [(+7. (+,<'4] ha\c proxidcd tit1 illtcrc,,tin~ 
observation thai links the tilL'el> <+1 ,,ctlsc+linul. cth:inol 
and morphine on brahl calcium lu\cls, lhu dcplcti<>n 
of brain calcium le\cls by cact~ of those ~lgOlltS is Cillttt- 
gonizcd I~\_ nalt)xont_', a >pccilic tntwphinc ~illtagculi,,t. 
(~ontrol st;idles ~ i t l l  other o:ticium dcl++lclors Iphcl~t~ 
barbital, rcscrl-,iilcl sllowcd unrcspon'+i,.cl~os> to n~tl~- 
xone: similarly, nah-~xc.nc did not al'fecl l -bu l \ ]  ;tico- 
1~ol or isoprol-~anol, neither of \ \ l l ich C;il~ I~c lY;tip,- 
l;orlncd ilt v#ll~ to aldolp, dcs IT I ( )  I~rCctlrst~ts}. 1{o,4,, 
stiggcsis that alcohol (\ ia I~wnl;ttion of ct I I Q )  and 
morphine interact ~\ith a cot l l l l lon pool ~q brain c;tl- 
c ium and, therefore, shalo certain common It)ci h i  ;te- 
f lon for their ol}'ccis on cclltral nouron~,. 

Rclatcd ~ll+('~l>; <ff itltCS'c"il 

l:leto-carholi#~,..<,. The ct>l/dCllS;ttitql lC.:ticlioll,, col 
t r )ptamines ~\hh aldch\dc,, ~iclds u ok>', <+1 I.+.I.4 - 
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tetrahydro-fi-carbolines. This reaction is analogous to 
the formation of TIQs flom calecholamincs. The reac- 
lion in ritro of 5-mcthoxytryplamine with acetalde- 
hyde has bccn studied by Mclsaac  [69]. Urinary ex- 
cretion of tctrahydro-fi-carbolincs by rats receiving 
ethanol  has been reported [69.70]. Tetrahydro-fi-car-  
bolincs arc of interest because they, urc structurally 
related to the class of harmala  alkaloids (e.g. harma- 
line) which arc hallucinogenic and are strong inhibi- 
tors of nlonoanl inc oxidasc. The tetrahydro-fi-carbo- 
line condensat ion product  of scrotonin with acctalde- 
hxdc (Fig. 1)may play a physiologic role at serotoner- 
eic sites, simiku to the one proposed for TIQs at 
adrenergic sites. 

t{mlogcmm.s alkaloid.s. Laduron and coworkers have 
pioneered the use of 5-methyltetrahydrofolate as a 
cofaclor in the mctlavkltion of biogenic amines:  
thcsc[71 72] and other investigators [73 75] found, 
however, that the reaction products were not the 
cxpectcd N-methylated biogenic amines. Inslead, 
TIQs[71  73] and tetrahydro-fi-carbolines [71, 74, 75] 
were tbrmed. The reaction in tissue extracts is pro- 
meted by all enzyme which catalyzes the formation 
of a reactive l -carbon fragment. The intermediate 
appears to be lbrmaldchyde [71 73]. One reason for 
interest in this research area is the possible synthesis 
o[ :,lbcrrant alkaloid metabolites of serotonin or care- 
chela.mines in schizophrenia [73, 74]. However. if the 
reaction pathway with 5-methyltetrahydrofolate is 
operable in intact cells under basal conditions, syn- 
thesis of alkaloids may take place normally and these 
alkaloids max subserve a normal function, perhaps 
~ls neulotral lsnl i t lcrs  iil. :,Is yet unidcntilicd neuronal  
t r a c t s .  

TIQs amt Parkinsoni.',nl. Although the formation of 
TIQs  such as salsolinol or T H P  would be considered 
1o bc an unusual cellular event, there is a special cir- 
Cl.llllsl~nlce ill which the mammal ian  system nlav be 
predisposed to their formation. In the t reatment  of 
patients ~ i th  Parkmson 's  disease, unusually large 
anlounts  of the amino acid. L-dopa, are used: as much 
a s  7"0 g OF n l o r e  ;.ire given to patients on a cont inuous  
dax-to-dav basis. These circumstances are favorable 
ior the lbrlnation of T lOs  via the condensat ion of 
citlaer DA or i.-dopa with endogenous aldehydes (e.g. 
the aldehyde evolved when monoamine  oxidasc acts 
on DA). Sourkcs [76] has suggested thai T H P  and 
other  complex alkaloids ma~ hc responsible Ior  some 
of the actions of  L-dopa. A recent report [77] sug- 
gested the presence of T H P  in the brains of rats 
lreated with large amounts  of L-dopa. The urinary 
excretion of T H P  in Parkinson patients treated with 
I -dopa (in the absence of ethanol) has been described 
[29]. Inhibition of the l)A-sensitive adenylate cyclase 
in the sh ia tum of rat brain by. salsolinol or T H P  
has been reported [46]. These latter observat ions may 
indicate that T H P  or other TIQs formed hi t:ipo can 
he responsible, in part. for the "'on-ofF" effect during 
l.-dopa therapy or Ibr the failure of some subjects 
to respond fawmtbly to I,-dopa. 

('orehuh*10 rc'ntark.s 

The supposit ion that TIQs  would be recognized in 
adrcncrgic systems as analogues of catecholamines 
has to some extent been borne out. TIQs possess 
properties of false or  su r rogu t e  t r a n s m i t l c r s  in SOlllC 

adrencrgic systems. In others, thcx act as inhibilors 
of physiologic mechanisms that regulate the actions 
of catecholamines. These results arc supportive of lhc 
idea, but do not establish that T lOs  arc involved 
in bodily responses 1o alcohol. 

Although present in rclal iveh small anlotlnlS. T lOs  
can achieve a precisiola of action bx. their discharge 
from nerve terminals directly into adrcncr,fic receptor 
areas. The capacit', of TIQs to bc taken up and stored 
in nerve endings and their thilurc to serve as sub- 
stratcs lbr n lonoaminc oxidase provide a x~a~ to con- 
ceivc how a chemical residuum of alcohol can persist 
into post-intoxication states. 

TIQs may concciwlbly play a role m modulat ing 
either the pleasurable or unpleasant aspects of expo- 
sure to alcoholic beverages. The higher blood levels 
of acetaldehyde thal occur hi alcoholic subjects :Is 
compared to normal stlb{ects [7s]  max act ;.is a spur 
to TIQ synthesis in the alcoholic group. The varlet\ 
of bodily changes seen during social drinking or on 
chronic cxposnrc to alcohol range from sedation and 
loosening of social constraints  during intoxication, to 
psychomotor  agitation and "'hangover'" its immediate 
after-effects, tO trenltllousncss, hallucinosis and seiz- 
ure after heavy or long-term drinking. The Iollox~ing 
questions remain 1o hc answered. Are any Of these 
changes dcpcndcnl  on the presence of TIQs in ad- 
rcncrgic systems'.' Arc some actions o[ T lOs  masked 
during alcohol intoxication, but made more evident 
as the general sedative or depressant action of  alcohol 
wears off? Can an unders tanding of the pharmacology 
of TIQs lead to an understanding of the addictive 
aspect of alcoholism? 
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