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Abstract  Several dimethylaminoethyl esters uere ssnthesized in order to develop a compound which 
would be better able to cross cell membranes and to inhibit choline acetyltransferase tChAc) within 
the nerve terminal. A structure activity relationship study demonstrated three requirements for ChAc 
inhibition by the alkylaminoethyl esters: (11 a terminal cationic head on the amine end of the molecule, 
(2) the ability to stabilize a parlial negative charge on the acyl end, and (3) a leaving group on 
the ~-carbon on the acyl end. Three tertiarx amine esters which fulfilled these requirements werc 
studied: N,N-dimethylaminoethyl chloroacetatc iCI-DMA): N.N-dimethylaminoethyl bromoacctatc 
(Br-DMAI; and N,N-dimeihylaminoethyl acrylate (acryl-DMA). The 15o's of these compounds to inhibit 
ChAc were 1.29 5.75 x 10 aM in both extracted cell-free ChAc system and cellular minced brain 
('hAc system. These compounds showed reversible inhibilion and were uncompctitixe m nature ~ilh 
respect to both suhstrates, choline and acetyl CoA. The interaclion of CI-DMA and acrvl-DMA with 
acetylcholinesterase and butyrylcholinesterase was also investigated. CI-DMA and acryl-DMA were 
2(~lS0-fold and 3 5-fold less potent, respectively, to inhibil cholinesterases than to mhibit ChAt, 
demonstrating fair specifcity loward ChAc inhibition, particularly with CI-DMA. Thc hydrobsis of 
the ester linkage in either compound was not affected by' these cholinesterascs. Both compounds pro- 
duced blockade of indirectb stimulated nerve-muscle preparations both in citro and in cico, and the 
blockade in the isolated preparation was reversible with washing. Therefore. C1-DMA, in particular. 
would be a compound of interest to inhibit (hAc in the whole animal. 

In recent years, a number of compounds have been 
described which are able to inhibit choline acetyl- 
transferase (Choline acetylase, ChAc, 1.UB.2.3.1.6), 
the enzyme responsible for the synthesis of acetylcho- 
line (ACh) from choline and acetyl-CoA. All of these 
inhibitors have several disadvantages which have pre- 
vented their general use in fifo. These disadvantages 
include rapid metabolism, isomerization, non-specific 
action, and inability to cross cell membranes. Sty@- 
pyridines, which are the most widely studied of these 
inhibitors, possess most if not all of these disadvan- 
tages [-1-5]. Since several analogs of the choline esters 
have been shown to be inhibitors of ChAc in ritro 
[6-8], but also possessing similar disadvantages as 
styrylpyridines, it was felt that a further stud? of the 
tertiary nitrogen analogs of some of these compounds 
might produce a compound which would not have 
these drawbacks and could be used as a ChAc inhibi- 
tor in vitro. Two compounds emerged as inhibitors 
deserving further study: N,N-dimcthylaminoelhyl 
acrylate (acryl-DMA) and N,N-dilncthylaminoethyl 
chloroacetate (CI-DMA). In this report, the structure 
activity relationships of the esters studied are de- 
scribed, and the enzymatic inhibitory action and kin- 
etics of inhibition are presented. The effects of 
C1-DMA and acryl-DMA on in riro and in citro prep- 
arations are also investigated in this research. 

MATERIALS AND METHODS 

MateriaLs. Drugs used in this study are listed in 
Table 1 : vinylcholine ether bromide {VCE, compound 
No. 1); carbamylcholine chloride (carbachol. coin- 
pound No. 2): 3.3-dimethyl-l-butanol choloacetate 

(C1-DBA. compound No. 3): N,N-dimethyta- 
minoethyl chloroacetate (CI-DMA, compound No. 4): 
N,N-dimethylaminoethyl bromoacetate (Br-DMA, 
compound No. 5): N,N-dimethylaminoethyl acrylate 
(acryl-DMA, compound No. 6): N,N-dimelhyla- 
minoethyl methacrylate (methacryl-DMA, compound 
No. 7): acrylic acid (compound No. 8) and N,N-di- 
methylaminoethanol (DMA, compound No. 9). The 
drugs used to test ChAc inhibitory activity in these 
studies were either obtained commerciatl,, (carbachol, 
acrylic acid, DMA. mcthacryl-DMA) or synthesized 
in this laboratory {VCE. CI-DBA, C1-DMA, Br-DMA, 
acryl-DMA). Acctylchotinesterase (ACHE} and butyr- 
ylcholinesterase {BuChE) was obtained from Nutri- 
tional Biochem. Corp. The radioisotopic [l-l'~C]ace - 
tyl-CoA was obtained from International ( 'hem. and 
Nuclear Corp. and had a specific activity of 50 mCi/ 
m-mole. Acetyhhiocholine and 5,5'-dithiobis-2-nitro- 
benzoate (DTNB} were obtained from Aldrich ( 'hem. 
Co., Inc. 

Inhibition of ChAt. The ChAc for all studies except 
minced brain preparation was extracted from the ace- 
tone powder of Holtznqan rat brain [9] with ice-cold 
extraction medium (NaCI, 100raM: EDTA, l mM:  
cysteine. 4 r aM:  bovine serum albumin, 0.05",,: and 
NaH:PO, ,  Na2HPO, ~, 10raM at pH 7.0) modified 
from Burger et al. [10]. The acetone powder was 
extracted with the extraction medium [25 mg, ml] for 
20 rain with constant stirring. The extract was centri- 
fnged at 9(X)0q at 4 for 10rain and the supernatant 
fraction containing ChAc was retained. Acetylcholine 
synthesis was determined by radioassay using a modi- 
fied method of Schrier and Shuster [11]. The enzyme 
extract [0.05 ml] was pre-incubated with the inhibitor 
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Tat',lc I. Structure activity relutitnship ot ' ( 'hAc mhilqlots 
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sttidies except carbachol where = 3t. 

(or water  in the case of  contro l )  in 0.2 ml of  incuba- 
t ion medium (Na('l ,  150 m M ;  neostigmine, 0.05 mM : 
choline, 25 mM:  and sodium phosphate  buffer pH 7.0. 
25raM). After 20rain pre- incubat ion at 37 .  0.0I ml 
of [1-x¢C]acetyl-CoA was added to give a final con- 
centrat ion of 0.065 mM containing 0.15 iK'i radioacti- 
vity. The reaction was continued at 37 tot 30 more 
rain. The reaction was then stopped by adding 4.3 ml 
of  ice-cold water  ai ld immediate ly  thereafter 500 lng 
of Bio-Rad AG 1 x 1 ailion exchange resin tO romovc 
unreacted acetyl-CoA. Alter vigorous stirring for 
30 scc, each incubation tube was centriluged for 5 rain 
at 15(}0,q. Then, 0.5 ml of the supcrnatant  fraction x~us 
transferred to 10ml of scintillation solution (2.5-di- 
phenyloxazole .  7g:  naphthalerie, 100g: dioxane, 
I000 mlt and counted in a liquid scintillalion counter  
(Beckman Model 1650). The remaining supcrnatant  
was transferred to a clean centrifuge tube and 250 mg 
of Ambcrli tc CG 120 cationic exchange resm ~as  
added to t rap choline and acctylcholinc. After stirr ing 
and centrifuging as above. 0.5 ml of the supcrnatant  
was again added to 10 ml of scintillation solution for 
counting. The amount  of acetvlated product  was cal- 
culated by subtracting the cpm obtained after both  
anionic and cationic exchange from the cpm obtamed 
after anionic exchange alone. 10,000 cpm is equivalent 
to 1.04nmoles of acetylated product  synthesized 
min/mg acetone powder. 

For studies on tile reversibility' of ChAc inhibit ion 
by CI-DMA. Br-DMA and acryl-DMA, the concen- 
t ra t ion of ChAc varied from I(} to 40rag  acetone 
powder/ml .  For studies on inhibit ion kinetics of 
CI-DMA and acryl-DMA, either the acetyl-CoA con- 
centrat ion varied from 0.016 to 0 .065mM while the 
concentrat ion of choline remained constant  at 
25 mM;  or the choline concentrat ion varied flom 0.4 

to 4.0 mM while thc acet\14 c A  o.,ncCnllati,.;n 
remained constant  "tt 0.65 raM. 

('h. lc inhihilion in min,.'ud/,rain. I loltztnan rat:+, ,+\ crc 
decapitated and their brains i+enlovcd ;.tlld immedi-  
ately placed in 0.9". ice-cold saline. r h e  I-,rains v,.crc 
then minced genii 5 :`<ith a mortar  fred pestle it+ coM 
salirie for >,everal rain. The brail-i tissue '+~,:.is trans- 
fert+od to a centrifuge tube and centri lugcd i l l  c)(X)0+] 
for 2n l in .  The supernatanl ,,'~as discarded and Iho 
separated cel lnlar Jraclion was hansferrcd to another  
centrifuge tube and rcsuspcnded in saline, lhcsc  cells 
,<'+'ere then centrifuged, the supcrnatant discarded, and 
the cells again resuspendcd in saline. This wa>, 
repeated twelvo times to retnc)'+c fill soluble ('hAm. 
At  the Ih-ial time, a sample of  the supcrl l i l lLt l l t  Bas 
collected lor a lest as a blank to in,,urc that '<ill the 
sohible ( ' h A t  had been rcmoxcd. This procedure It)i 
the assay o f  ( ' h A c  \~as the s,:.tme '<is clescribcd 4be \c .  
except that the extracted (hAm ~tas rcplaccd with 
501d of  the mMccd brain tissue ~ i l h  I I )mg ~ct \~t 
in each incubat ion sample, and the brciin tissuc \~a~, 
homogenized pr ior  to the A ( h  dc icrmi tmi ion.  

(+holim:<,turat, u inhil~in+m. The in i f ib i t inn of  cholincs- 
terascs ~as sttldied accoRting to the method ok Flt- 
nlan U! d/. [ 12 ]  in ~.l~icl+ the cholmc,,tcra~,c h\ di+nl~zc>, 
acety l th iocholmc y idd ing  th iochol inc ~h ich m turn 
reacts wi th  D T N B  to v idd  the \clio\+ 5-thi~>2-nitro- 
benzoic anion. Tbe co lor imct r ic  determinat ion was 
mctde wi th a Gi l ford  Au to ina l i c  Recording %pcctro- 
photoi+neler (Mode l  2400) fit 412 in H The reciclion ,,\s- 
loin consisted of  3 ml of  -,odium pht+,@tatc buffer 
(pH S.()L I t ) r a M ;  D]Nt : I .  ( ) .32raM: ;incl A ( h l .  
0.083 U.'ml or B u ( ' l l L  ().017 t i r o l .  Tiffs ~+is preincu- 
baled wi th  the inh ib i to r  Ju concentrat ions ranging 
f rom 1.0 to 10.0nlM for l $ m m  at 25 m Ihc spectre- 
photometr ic  emet ic .  Ten /+1 nf acet\ l thh~chol inc \va>, 
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then added for a final concentration of 6.0 × 10 4 M 
and the rate of hydrolysis was measured with time 
as a function of the change in absorbance at 412 mlL. 

Hydroly.~i,s o f  esters. To determine the stability of 
the ester linkage of CI-DMA and acryl-DMA, the rate 
of autohydrolysis and hydrolysis in the presence of 
AChE and BuChE were measured by the acid pro- 
duction with a modilied method of Chiou [13]. The 
reaction was run at 25 for 20min with 10ml of tin 
aqueous barbital buffer solution {sodium barbital, 
1.5 mM : KH2PO 4, 0.3 mM:  NaC1. 150 mM ) contain- 
ing either no enzylne or 0.83 units of AChE or 0.17 
units of Bu(hE.  Since acryl-DMA was used as the 
free base. the pH was adjusted with 1 N HCI (0.05 ml) 
so that the addition of the acryl-DMA gave an initial 
pH of 7.3 7.6. AcryI-DMA or C1-DMA was added 
to give a linul concentration of 5.0mM and the 
change m pH with time was measured and compared 
with a standard cur;e  obtained with identical solu- 
tions titralcd with acrylic or chloroacetic acid. The 
pH deternfinations were made with a Beckman SS-3 
pH reeler witln a Beckman combination electrode No. 
39030. 

t"roq .wiat ic ner~e ,qa.~trocnenliu.~ muscle preparatio*~ 
in xitro. Ratkt pipiet> weighing 20 25 g were stunned 
by' a blow to the head, decapitated, and pithed. The 
skin was removed from the leg and the sciatic nerve 
\~as isolated, tied, and cut ;.it its upper end. A loop 
of suture was tied around the tendon at the lower 
end of the gastrocnemius muscle and the tendon was 
cut distal to the tie. The femur was cut, leaving the 
joint still attached to the muscle. A long thread was 
attached to the joint bones. The gastrocnemius 
muscle with the sciatic nerve attached was then 
remoxed from the animal and phtced in 40 ml of flog 
Ringer solution (NaC1, l l 0 m M :  KCI, 2 .01mM; 
( ' a ( ' l>  0.77 mM:  NaHCO3. 4.25 mM: and dextrose, 
I I . l m M i  in an organ bath oxygenated with 95". 
Oe 5". ( 'O2 at pH 7.4 and 25 . The loop at the distal 
end of the muscle was attached to a stationary sup- 
port and the tie tit the other end on the joint bone 
was attached to a Narco Bio-Systems Myograph-B 
isometric lbrcc transducer (E & M Instrument Co. 
Inc., Houston, Texas) with l g initial tension. The 
nerve was passed through a platinum two-ring elec- 
trode and stimulated with supramaximal voltage 
(10V), 0.5 msec duration and 250Hz frequency 
administered in monophasic square wave pulses for 
0.1 sec e~erv 10 sec. Muscle contractions measured by, 
the Myograph were recorded on a Model Four-A 
Narco Bio-Svstems Physiograph (E & M Instrument 
Co., lnc.I. Drugs were added to the bath in volumes 
nol exceeding 0.8 ml. 

Rat .sciatic no're gastrocnemius muscle preparation 
in situ. Holtzman rats weighing 30(>500 g were anes- 
thetized with an i.p. injection of ethyl carbamate, 
1.6g/kg. An incision was made on the neck and the 
carotid artery was cannulated and the tubing from 
the artery containing heparinized saline (10 U/ml) was 
attached to a pressure transducer (Model P-1000 A, 
Narco Bio-Systems Inc.t for recording blood pressure 
and heart rate. The jugular vein was also cannulated 
for injection of drugs. The leg was opened to expose 
the sciatic nerve. This was tied and cut distal to the 
gastrocnemius muscle. The tendon of the gastrocne- 
mius muscle at the back of the leg was tied with 
suture, and as much of the muscle as possible was 
isolated while still maintaining blood supply. The rat 
was then positioned so that the leg could be immobi- 
lized by securing it with nails to the mounting board. 
The tendon tie was attached to a Myograph-C three 
transducer. The sciatic nerve was passed through a 
platinum two-ring electrode and stimulated at supra- 
maximal voltage (3V) of 0.5msec duration and 
250Hz frequency administered for 0 . lsec  every 
10sec. Muscle contractions were recorded as de- 
scribed previously. Drugs dissolved in ~fline were 
administered intravenously in doses not exceeding 
0.5 ml. 

Statistical amtlysis. Standard errors of the means 
(S.E.M.) are given for mean figures. The 95",, confi- 
dence limits for the HL~o'S were computed according 
to Litchfield and Wilcoxon [14]. 

RES[ LTS 

ChAc inhibitory acmities of  alkylaminoethyl esters. 
In order to determine the relationship of ChAc inhibi- 
tion with different alkylaminoethyl esters and their 
derivatives, a number of compounds were tested for 
inhibition of cell-free ChAc ipl t'itro. The results of 
this study are presented in Table 1. it can be seen 
that at a concentration of 1 × 10 3 M, only three of 
these compounds, CI-DMA (compound No. 4), 
Br-DMA (compound No. 5), and acryl-DMA (com- 
pound No. 6) produced an effective inhibition of the 
enzyme. The hydrolysis products of these compounds. 
however, did not produce any inhibition of ChAc. 
To determine the potency of these three compounds, 
the l~o'S were determined and the results are pre- 
sented in Table 2. They are approximately 10-fold 
less potent than their quaternary' analogs, reported 
by others [6, 8, 15]. This might be expected mainly 
because of the difference in conformation due to the 
removal of a methyl group, but also because these 
compounds are not permanently' charged. 

Table 2. ls~,'s of ChAc inhibition 

Iso (M × 10"*) 

Cell-free ChAc extracted Cellular ChAc in 
Compound N from brain acetone powder 3; minced brain tissue 

('I-DMA 4 1.29 + 0.05* 4 2.25 + 0.23 
Br-DMA 4 5.80 _4_ 0.09 
AcryI-DMA 4 5.02 + 0.95 3 5.75 + 0.91 

* Mean _+ S.E.M. 



11)96 P.P. ROWlI.I. and ('. Y. (]llII)l 

Since these compounds  are tertiary' amines which 
are able to exist in the uncharged form, they should 
be able to penetrate biological membranes to inhibit 
ChAc in the intracellular site. To irwestigate this. a 
minced brain preparation was used in which the 
( 'hAc was still contained within the intact nerve tcr- 
minah The I,s0's for CI-DMA and acryl-DMA were 
determined and compared with the potency in the 
cell-free extracted ChAc assay {Table 21. It is seen 
that both C1-DMA and acryl-DMA are almost as 
potent in the minced brain, demonstrating their abi- 
li b to gain entry into Ihe nerve terminal and inhibil 
ChAc in the inside. 

The reversibility of CI-DMA, Br-DMA, and acrvl- 
DMA was tested on cell-free ( 'hAc iJt citro and the 
results in Fig. 1 show that all three produced a rever- 
s ine  inhibition of ChAc. Originally. it was thought 
that ( ' I -DMA and Br-DMA might show difl'crences 
in their reversibility' on ChAc. That this might be the 
case was suggested by the studies of Chiou and Sastr 3 
[16] showing thai the quaternary derivatives of 
( ' I -DMA and Br-DMA, chloroacetylcholine and hro- 
moacetylcholine respectively,, had dilTerent binding 
characteristics on the cholinergic receptor. The former 
produced reversible binding to the cholinergic recep- 
tor whereas the latter produced irreversible binding. 
Although chloroaceblchol ine has been shown to pro- 
duce reversible inhibition of ChAc [6], the reversibi- 
lity of brornoacetylcholine has not been reported. 
Since Br-DMA was not irreversible (Fig. 1), it appar- 
enth  has no advantages over C1-DMA: and since it 
is more hygroscopic and more di/~cult Io synthesize, 
it was decided that of the two. onl\ the chloro-com- 
pound would be investigated further. 

The kinetics of the inhibition seen with ( ' I -DMA 
and acryl-DMA x~,as investigated and the results are 
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Fig. I. Rc~ersibilit_~ of ChAc inhibitors. All lhree mhibitors 
in incubation medium were at 5 × 10 ~M concentration. 
Means + S.E.M. were presented with N 3. Note the in- 
hibilcd line changed the slope and originated from lhc 

orgin, indicating a revcrsible inhibition. 

presented in Fig. 2. Both ( ' I -DMA and acryl-DMA 
showed an uncompetitive t,vpe of inhibition with re- 
spect to bolh substrates of ( 'hAc, choline and acetyl- 
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Fig. 2. Kinclics or (hAt  inhibition. Assa,~ was done on 
cell-free ( 'hAt extracted ['rom rat brain acetonc powder. 
Acet),l-('oA concentrations varied ['rom 0.t)163mM to 
0.065 raM. Cholmc concentrations xaried from 0.4 mM to 
4 raM. Means + S.EM. wcrc presented with .\,' = 3. Where, 
(@}. control: IOI, v, ith ('I-1)MA or Acr_,,I-DMA: (AL with 
1 x 10 aM of CI-DMA: (B}. with 2 × 10 aM of acryl- 
DMA: (C), v, ith 4 × I0 "*M of CI-DMA: (D). with 
1 x 10 -~M ofacryI-DMA. Nolethc parallel shift ofcon- 
Irol lines by inhibilors indicating an uncompetitive type 

o f  inhibition. 
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Interact ion with cholinestera,ses. To determine the 
specificity of CI-DMA and acryl-DMA to inhibit 
ChAc, the ls0's for inhibition of both AChE and 
BuChE were determined. Table 3 shows that both 
compounds are more potent inhibitors of ChAc than 
either of these two cholinesterases. 21~150 times more 
potent in the case of C1-DMA and 3 5 times more 
potent for acryl-DMA. 

Table 3. Inhibition of cholinestcrases 

I5o (M × 10 ~) 

(ompound AChE BuChE 

CI-DMA 2.64 + 0.04* 19.60 +_ 3.08 
AcrvI-DMA 2.24 + 0.11 1.60 + 0.04 

* Mean + S.E.M.. N - 3. 

The stability of the ester linkage of these two com- 
pounds was investigated, and the rates of autohydro- 
lysis and the rates of enzymatic hydrolysis in the pres- 
ence of AChE and BuChE are shown in Table 4. The 
rates of hydrolysis of acetylcholine in this system are 
also presented for comparison. It can be seen that 
neither C1-DMA nor acryl-DMA are significantly 
hydrolyzed by either enzyme. The autohydrolysis 
rates, while much faster, are not unmanageable. The 
t 1 2"s for hydrolysis at pH 7.4 are 24hr for acryl- 
DMA and 5 hr for C1-DMA. 

E[li'cts on biolo,qical preparations. Finally the ability 
of these compounds to block muscle contractions in 
indirectly stimulated nerve-muscle preparations was 
investigated both in ritro and in rivo. A record of 
the blockade by both CI-DMA and acryl-DMA in 
the isolated frog sciatic nerve gastrocnemius muscle 
preparation is presented in Fig. 3: and a record for 
acryl-DMA in the rat sciatic nerve gastrocnemius 
muscle preparation in situ is presented in Fig. 4. Both 
compounds produced a slow blockade of twitch con- 
tractions in both preparations. The blockade was 
reversible upon washing in the isolated preparation 
with til)s0's, measured after l hr of drug administ- 
ration of 42.0 (20..0 88.2) x 10- '*M for C1-DMA and 
5.5 (2.02 12.63)× 10 a M  for acryl-DMA. Control 
preparations were stable for over 3 hr. In in rivo ex- 
periments, both drugs produced an immediate but 
transient hypotension when injected (Figure 4). This 
is probably due to the direct action of these com- 
pounds on the vascular smooth muscle. 

DISC[ SSION 
This study on the structure activity relationship of 

alkylaminoethyl esters has revealed three require- 
ments lbr ChAc inhibition: I l l  a cationic terminal 
charge on the amine end of the molecule, (2) the abi- 
lity to stabilize a partial negative charge on the acyl 
end, and (3) a leaving-group on the :~-carbon of the 
acyl end (Fig. 5i. These requirements were demon- 
strated by the following results. 

To determine the importance of the terminal 
cationic head on ChAc inhibition, CI-DBA (com- 
pound No. 31 was tested but did not show ChAc inhi- 
bition. Since CI-DBA is the exact molecule as chloro- 
acetylcholinc, a potent ChAc inhibitor [6], except 
that the nitrogen is replaced with a carbon to elimin- 
ate the positive charge, this shows that the cationic 
head is essential for the ChAc inhibitory activity. 

Therefore, in order to retain the positive charge 
but still allow cell nlembrane penetration, a number 
of tertiary amine esters were tested. All of these com- 
pounds had a significant inhibitory action on ChAc 
except methacryl-DMA (compound No. 7). The rea- 
son for this exception will be discussed later. Since 
the compound must have a cationic head, or possess 
the potential for a positive charge formation, this re- 
quirement can be satisfied either by quaternary or 
tertiary amines. The latter are over 90"<, ionized at 
physiological pH. Compounds such as C1-DBA (com- 
pound No. 3~. which cannot be charged, are not ChAc 
inhibitors. 

Secondly, there is a requirement for stabilizing a 
partial negative charge on the acyl end of the mol- 
ecule. Electron withdrawal groups such as halogen 
substitution or a combination of carbonyl and vinyl 
group satisfy, this requirement. For example, :<fl-unsa- 
turated esters satisfy' this requirement by resonance- 
stabilization of the negative charge. If the carbonyl 
group of acryloylcholine is removed it becomes VCE 
(compound No. 1) which does not allow resonance- 
stability, and consequently', does not inhibit ChAc. 
An adjacent halogen also causes electron withdrawal. 
For  this reason, chloroacetylcholine is a potent in- 
hibitor of ChAc [6] but acetylcholine is not [17]. 

Finally, there is a requirement for a leaving group 
on the acyl end of the molecule {Fig, 51. This is evi- 
denced by the fact that as the acidity of the >hyd-  
rogen increases, as with halogen substitution or with 
a vinyl group, the potency of ChAc inhibition in- 
creases. Substitution of the hydrogen with a methyl 
group, as in the case of methacryl-DMA {compound 
No. 7), or replacement of the acetyl group with a 

Table 4. Hydrolysis of esters 

Rate of hydrolysis {moles,min × 10~l 

Compound* Autohydrolysis AChE ~ BuChE+ 

CI-DMA 8.74 _+ 0.1~ 0.22 +_ 0.05 0.32 +_ 0.21 
AcryI-DMA 1.75 _+ 0.04 0.07 + 0.01 0.06 + 0.01 
A('h 1.19 _+ 0.03 1.46 _+ 0.03 6.57 ± 0.17 

* All compounds present at 5 x 10 3 M. 
+ ACHE. 0.083 U/ml. 
i- BuChE, 0.017 U/ml. 

Mean + S.E.M,, N = 3. 
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brated in mm Hg. 

carbamyl  group, as ~,ith carbachol,  (compound No. 
21 completely eliminates inhibition. Since halo:.icetyl- 
cholines and acryloy,lcholinc ha~c been sho~n  to in- 
hibit ChAc [6, 8], V( 'E  and carbachol  {compounds 
Nos 1 and 2 in Table I) were tested as compounds  
which would be more stable to hydrolysis. Neither 
of these, however, inhibited ( 'hAc  because of the 
aforementioned reasons. 

The results of the kinetic studies show that all of 
the three inhibitors sttidied are reversible inhibitors 
of ChAc. CI-DMA and acryl-DMA (compounds Nos 
4 and 6) also produce uncompeti t ive inhibit ion with 
respect to both substrates, choline and :lcet~l-(_'oA. 
It appears  that  till of the alkylaminoeihyl  esters pro- 
duce inhibit ion of ( 'hAc via the same mechanism 
since all have been shown to produce uncompeti t ive 
inhibit ion with respect to both  substrates [6, 8, 15]. 

Neither CI-DMA nor acryl-DMA are suitable sub- 
strates for hydrolxsis bx A( 'hE  or Btl( 'hE. Although 

[ E l e c t r o n  w i t h d r a w a l  [ C a t i o n i c  h e a d ]  
g r o u p ]  _ ! 

t 
[ A c i d i c  h y d r o g e n ]  

Fig. 5. Molecular structure o[" dimelh\lan]inocth\l osiers 
thai inhibil ( 'hAt. 

the rate o f  au to ln }dro l )s is  is f i i i r l }  rapid w i th  
C ] - D M A  l ind nlay present a p rob lem in an imal  
studies, this could be overcolne b)  ti more frequent 
administrat ion.  Because ( ' I -DMA and acryl-DMA tire 
more potent inhibitors of ( 'hAc than cholinesterascs, 
they appear  to be sufficiently specific to inhibit ( ' h A t  
and to allow further slud) in tinin-lal preparations.  

Both ( ' I -DMA and acryl-DMA are able to produce 
neuromuscular  blockade i#~ #i lro  and i#z cil'o. Since 
the elt"ects are reversible witla washing after 3 hr tit 
r i t ro ,  it indicates that the compounds  arc still active 
over tints period o f  time. 

In conclusion, the restlhs t)f these studies show ~.ill 
interesting structure acti~it~ relationship for ( ' h A t  
inhibitors. Two compounds,  ( I - D M A  and acr}I- 
DMA. ha~c demonstra ted sufficient potent ' ,  and 
speciticil5 for use in biological sttldics, and each is 
able to inhibit neuromuscular  contract ions both in 
isolated preparat ions and isl circ. 

l('kllowl~'d~leJJl~'lll.x The ~lt.ilhors :. ire gl'atclul to Mr. 
('harles E. Str~tlian for his excellent lcchnical ~issist~incc. 
Mr. P. P. Roy, ell was supported b,, NIH predoctoral train- 
ing granl (GM-00?60L This work was supported in part 
b\ the Ntttional Insiiltitcs of Hc~iilh (('A-17584t. 
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