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Effects of Ps),chotomimeti, Compounds on
Human Pseudocholinesterase
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I"I,HI D, {_IAIR{;I.. 1]. ANI) ],WILLIAM ANTOPOI.. Ej]ccls _!/ psycholomimcti_
,ompoumts ou human pscudocholim'stcrasc. J. Al)pl. l'hysiol, ix(x): 25 28.
to57. The eltecls ,f ser,)t*min, l.vsergic acid diethylamide (LSD), chh)r

l)romazine, and reserpine .n serum cholinestcrase were determined man(i-
metrically, hlhil)ili(tn,_ *)f 30% were ohtained ,,),'ill) 2 X lo -a M ser()tonin,

to '; n I.SI). and 5 X *o-:' xl chh)rpromazine. Reserpine hall no measurat)le
effect. Marked potent ial ion of enzyme activity was achieved with cxl remel.v
h)w c())lccntrati()n> ()f the three drugs (30% Ix)tentiation with 5 X io '_ xt

-c)',)l(,ifin, 5o% t)olentiati(m with 6 X IO _ M LS1), an(I U,% t X)lentialhm
with 3 X to ; sl chh)rl)r()mazine ). This potentiation ahove contr()l values

may I)e ()f significance in explaining some central effects of these t)sych(ito-
mimetic abR'lllS, h is also fel! lhal both l_tentiati(m and inhibition may be
related h) lerliarv aminc grot, pings on the inhibitor molecule.

"rEXXI'TS to estal)lish a I)iochemical I)cnz.ylcholine while demonstrating no actiyity

basis fi)r psychic (listurl)ances have with acetyl-beta-methylcholine. The presence
I)een stimulated I)y recent discoveries of ('hE has been demonslrate(I in the central

of the effects of hallucinogenic an(I |ran(luiliz- nervous system, t)articularly in glial cells an(I

ing in(h)les on isolale(I tissue resl)(mses ( t ) and sensory ganglia (5), att(I there is some in(tica-

on affcclive behavior (2). lnleresl initially lion in the literature of the sensitivity of this

centered (m the role (,f serohmin (5-hy(Iroxy- enzyme to several psychotomimelic com-

tryl)tamine) , a natural constituent (ff nerve l)oun(Is (6, 7)-

tissue, in mediating effects (if hallucinogens Human serum was used as the enzyme

and tranquilizers since these latter l)sychot + source since it is thought to contain ;t single
omimeti< substances tot, ld ahcr tissue levels ('hF (8), identical with or ch)sely similar to

of scrohmin in the i)rganism or anlagonize its the c<)rresponding enzyme found in the nervous

activity (3). However, more recent invesliga- system (9). Compounds tested for anlicholin-

|ions in(licate Ih,ll l_sy-uholomimctic corn- esterase activity were serotonin fserohmin

flouts(Is (hi n()i exert Iheir cffeuls Ihrough al- crealinine sulfate, Mann), chh)rpromazine

tere(I serotonin levels I)ul t)rol)al)ly act in a hydrochloride (Thorazine:H('l. S.K.F.), reser-

more coml)lcx lnanncr (_.). pine (reserpine phosl)hate , ('iba), and lysergic

The l)resent investigations (leal with the acid (liethylamide (LSI)es, Santh)z).
hlllt, ence of l)sychotonfimelic coml)ounds on

psct, docholincsterase, l)scu(hwhl)linesterase MFTII()I)S

(('hE) differs from 'true' atcty'lcholineslerase (.'hi.; activity was determined mare)metrically in at
(:_t('hE) ill lh;.tl il is less spetific for lhe sub- Warburg constant volume resl)irometer by a m,_lili-

slr;tle atclvlch()linc (A('h). i.e. il shows greater cation of the method of Amnmn (Jol, which involves

aclivitv with Imtyrylcholine lhan wilh m('h, estimation of the volume of carl)on dioxide evolved
from a bicarbonate containing system by tilt' at:clio

dtqn(mslralcs no inhil)itilm of enzx'me activity acid formed in the splitting of A(?h, with Ihe _,ystetn
at hi_her stlllstralc concentratiollS an(] allacks buffered against carbon dioxide. Acetylcholine chlq_ri(le

(Matheson) was emph)y'ed as substratt.. Serum samldcs
I<t'ccived fi)r puldicati.n Fel,ruarv :o. zo57. obtained from individuals free of (lisease_ kn,,wn to
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T.XBI.E I. EFH.;CTS OF PSYCUOTOMIMETI(' than 2 X xo-SM, while chlorpronmzine was apparently
t't_MI_)I'NDSON PSEUI_)CIIOLINESTERASE insoluble at concentrations higher than io- t.M.,%erotonin

anti l,Sl) were quite soluble.
No. of

[)e .\verage RI.'SL"I,TS
.\veragc Cont'. term. Activity Inhibition

.ll (',,hi. E.rptl. _ The 1_,, (co:lcentralion of inhibitor causing

.5"ert,tonin 5Oe/_ inhibition) for _rotoniu was apllroxi-
mately 2 X io 3 M, while levels of 5 X Io -5 M

_.oX 1o; I 37 37
-g.o X to 6 5 33 44 --3r + 5.2 were withoul effect Ul)On esterase activity. F'nr
_.o x _o ' 4 33 4x -25 4- 12.,_ I,SI), tile I6. was of the order of to _ xl, with
5.0 X io-_ 2 34 36 no effects evitlent at 10 " xt. With chlorllroma-

4.o x _o-' 4 31 zo zine, the 15,, was approximately 5 X 10 _' xt,

t.o X _o _ 2 5_ 28 46 + _.4 while concentratiorls ranging from _ X xo -_ r,t
4.0 x io _ 4 33 14 50 .4_ 4.4

L_'D to 5 X to 6 n had only negligible effects
(table t). Reserpine did not inhibit at concen-4.7 X IO-9 4 23 34 --45 4- IO.4

4.0 X to a 3 4I 40 Irations up to its maximum ._flubility.
6.0 x xo-7 3 44 .to 32 4- _.3 .Marked I_)tentiation of enzyme activity
t.3 x _o-_ 3 4x _2 70 4- 4.7 was obmrved with very low t'ont'elllralions of

6.o × to , 2 51 _o 82 4- _.o the inhibiting coml_mnds (negative values in
Chlorpromazine table 1). For serolonin, concentratitms of

3.5 X lo ; 3 30 45 --24 4- 1.7 5 X 1o 6 M elicited an average augmentation

1.o X lo 6 t 35 39 --lz of _oS{. A 5o5_ augmentation was produced7.5 × los 2 37 27 26 4- I5._ '

-_.O X IO b ,{ 37 _7 54 4- 5.S hy 6 X _O-" Xl I,SIL while |_tentiations of
about 2551 occurred with chlorpromazine

alter serum ('hi'; levels were diluted _:5o with hi- t'oncenlralions aplm_ximating io-7 M.

carl,male buffer..Xt these dilute enzyme levels in- The inhibition of ('hE by all three drugs
hibition becomes a function of the specific concentration ',',as easih" reversed with excess substrate, in
of the inhihitor alone (ix), so that slight variations
in enzymatic activity o[ different serum samples shouhl agreement with previous lindings, indicating
not change the degree of inhibition encountered, tile competitive nature of this inhibition
Reagents and drugs ",,,'erealso made up in bicarbonate (7, 121.

huffer. Since the drugs used ",,,'erenot esters they did _3.hile straigl_t line relationships ',','ere gener-

not undergo hydrolysis, ally obtained for enzymatic activities with
Drugs (0.5 roll and diluted serum (o.$ ml) were

pilwtted directly into the main compartment of the lime in the case of controls and with levels of
flasks, while At£h (t.o ml) was added to the sidearm to drugs causing potentiation, the curves ill
give a lhml substrate concentration of o.o2 _. All cases of inhibition were often erratic. This is

flasks were adjusted to a final fluid volume of 2.0 ml illustrated ill ligure i.

with ]rafter and then flushed with 95% N*-st:7o CO.z There was some variation in drug effectsfor io minutes. The initial pH was about 7.6, and this
value did not appear to change hy more than several with different serum samples, particularly in
tenths in either direction during the course of the cases of potel_tiation. Data on potentiation

reaction. Substrate was tipped into the main compart- afforded by levels of l,Si) of 6 X to '-'M were

ment and the flasks equilibrated for _o minutes at a obtained from serum samples with esterase
Imth temperature of 3o°C. Readings were taken every
7o minntes. Calculations of the velocity constants of atlivily conslallts of 18, 20, 24 alld 20. ('orre-
cholineslerase activities were based on microliters of sponding l_otentiatilm percentages were 72, 6o,

C().., lil,erated during the tst hour, with cumulative ,_8 and 38, which suggests enhanced potenti-

values for each xo minute period also plotted against alton wilhserum of depressed esteraseactivity.
time. There was no al)preeiable diminution in the rate ('hE levels in tile serum samples utilized
of h.wlrolysis in control flasks containing substrate
and enzynn' alone during the experimental period, generally varied between 30 and 40 gl ('().,
Sl)olllaln"ous hydrolysis of ACh, hoth with and with- liberated per hour, well within the range ell-
out Ihe drug being tested, was determined for each c11unlered ii1 heahhv iiornla[ subjects.

experiment by substituting Imffer for the diluted ill several exl>erirnenls lrvptamine appearedserunl. "]'hese values were subtracted from corre
to exert inhibitory effects of the same order asSl),mdin _ c,,ntrol alll_ cxl,erimental readings so that the

cited results represent enzymatic activity alone, seroltlnin, while tvramil/e and several tryllto-
Reserlfinc _as insohlhh, at concentrations grealer phane derivatives demonstr;.tled little or 11o.
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()uP limlin_s in the rases <)f inhihiti()n are in 21 .j __ ,,,,,X+..+ _

suhslanlial agreement l)()lh with those ()f ,s
Thonqls<)n cl aL (7) ()11the inhillhi()n ()f ('lie 12
l)v I.SI) and with the wt)rk ()f l':rsl)amer (t2) 9
,)n Ill(_' inhit)itorv action ()f serotonin. +\ sirni s 11,,,s_i

larilv in the inhillit<)rv effects of trvl)tamine + _ TIM[IN MINI,.IT$'S
" I I I t I I

and ser()t()llin was als() n()te(l llv this taller 0 )0 20 +0 40 s0 60

investigator. \\'hh chh)rl)ronlazhw, I.:rdiis el al. l,')c,, i. Effect of varyin_ concentrations; of lysergic

(l,_,) ol)laine(] a ('hE It,.) vaItle ()f ,_) X io :' M, acid diethylamide (l,Sl)) <)n cholincsterase a('livilv.

v,hich alll)r<)xinlates tile I)resent lin(ling. H()w-
ever, since the free base of chh)rllr()mazine is al)sence <)f any noticeal)le effect with several
virtualh- insolullle at I)ll vahles al)ove h (per- trylltol)hane derivatives, whith also l)ossess
s(mal comrnunication, Smith, Kline and two of these amine gr()u|)ings, points to tile
l"rench l.aboratories), these Is,, values may l)e (liflh'ully ()f characterizing the exact mecha-
t(.) high. None <)f these investigators rellorte(l nism of drug-enzyme interaction at l)resent.
l)()lenliation ()f enzyme attivilv ;.it h)wer drug The definitive role of (.'hE is unknown. How-
((mcentralions. Since these h)wer concenlra- ever, the rel)orted aheration in levels ()f this
lions may l)e closer h) the llhysiological levels enzyme in intestine and nerveduringfunclional
of such naturally occurring in(h)les as serot()nin, disorders of these structures (i8, l(,)) an(l tile
tile l)otentiati()n el)served here may l)e ()f aherations in serum ('hi': encountered in
gr(,_'ater significance than the h/hihhion. The he|iatic diseases and hyllerthyr()idisn_ (2o/
transient increases in ch()linesterase activity suggest some key function similar t<) that of
with I)olh s(sr()t()nin and I,SI) noted by Tonini the true ACHE. Thus it has I)een suggested
(t4, iS) are not c()ml)aral)le with the present (2_) than cholinesterase serves as a defense
tin(lings I)ecause th(ise results were <)htained mechanism by destroying excess :\('11. h has
from wh()le l)rain homogenates c(mhtinin:¢ a also been shown that in thiamin-delitienl
mixlure ()f esterases, pigeons the onset of ix)lyneuritic symlih)ms is

.\hh,uEh bolh ('hl': and A('hE are now associated with a rise in cholinesterase (22).
|:,elicxed I(i possess an ;).nit)hie as well as an The present observatiorts that both ser(it(min
esteratic site (i¢)), the tertiary amines al)llar . and I.SI) may inhibit or l)<)tentiate ('hi':,
enllv act as l)()werft, I inhil)itors ()f ('hE while del)ending on concentration, may liartially
(luarternary ammonium I)ases ;`irem<)re spo:ific exiilain the similarity in action of these 2 t()m-
inhihit()rs ()f ..\('hE (_7). Since I.Si) possesses p<)unds in some cases and Ihe antagonisms eel-
three tertiary amine groul)s and was also most denced ill olhers (23). There is, then, an indica-
i)()tem in its inhibiling and ll+)lentiating effecls, ti()n thai the influence of l)sychotomimelic
it is reas()nal)le h) SUl)l)<)sethat these groullitlgS c<)ml)()unds on ChE activity is nol fortuitous
may be involved in tile two _tCliOl/S, I),oth but may explain certain effects (>fthese drugs.
effects rnav even lie llr()du<e(I in a similar This is particularly applicable in the case of
rna)nwr, l)()ssil)ly Ihr(lugh s()me binding at the the ()lig()(lentlr()glia, structures rich in ('hE.

ani(mi< silt'. Phys<)sligmine, an(tiber i)()werful which have been shown to un(lergo i)rohmged
inhillih)r ()f (.'hi'L also conlains three lertiarv (<)ntractiot't under the inlluem-e of serot(min

amine _r()ul)s. l),uf()tenine, a hallucin()_en (--'4). Although reserpine failed t() influence
sh,)wn t,)ir)hihit ('hE (o), ,.()ntains Iw() tertiary ('hi.: directly it is believed t<) exert its effe(.lS

amine _r()ul)S, as (hws ser()l()llill, t hl()rl)r<mm- lhr()tlgh tile release of serotonin (25), s() that

zinc and Ir)l)l:mlint,. "[').ramble, wilh ()nlv()ne Ibis tranquilizitlg agent also may a(l, all)ell
such .,.:r<)ul)in_.is wilh()ul elTect, lh)wever, lilt' in(lirectlv, through an aherati(m ()f ('hl': levels.
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