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SU5I�IARY

Experiments were carried out to test the possibility thirst tine metrspinihic effect seen uvithu

certainn antagonists acting at cisolhsergic receptors inn duck arid frog muscle us-as closely ne-
hated to the phenomenon of receptor desensitizations.

The action of tine metaphilic arntagonist dinnaphtiuyldecametinonium mustard in blocking

tine contraction of cinick bivcnstcn cervicis muscle on the end-plate depolarization in frog
muscle was studied. In both tissues it was founud that agonnists thirst us’ere particularly effective
in desensitizing tine receptors also produced a marked metaphihic effect.

A linncan relationship us-as found between tine metapinilic effect arid desensitization, us-iuich
was indcpendennt of tine drug used to produce tine desennsitization. This findinng uvas consistent
with the hypothesis that metaphihic antagonists hnave a preferenstial affinuity for desensitized
receptors. For the antagonist studied, tine rate of alkylation appeared to be about 5 times
greater for desensitized than for normal receptors.

I NTROI)UCTION

Certain specific anstagonists of drugs that
depolarize the motor end-plate have neccnntly
beens found to show- anomalous behavior in
chick and leech muscle (1). The antagonsists

wcre derivatives of decamethonium with
pisenyl on nsaphsthyl groups substituted for

onse of the N-methyl iuydrogens atoms at each
ensd of the molecule, amid the anomaly cons-
sisted in the finding thirst their potency us-as
markedly increased if they us-crc applied corn-

currenitly with tine depolarizing drug (e.g.,
carbachol or suxrsmcthonium) whose actions
tiney blocked. Tise evidence led us to suggest

thirst tine effect resulted from a change ins tine

conformations of tine cholinsergic receptor

brougist about by the depolarizimig drug,
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whicis increased tine affinnity of tine blockinsg

drug for tine receptor. This proposed modifi-

cation of the dnug-binidimsg properties of tine
receptor that us-as brougiut abount by the ac-

tions of depolarizing drugs us-as termed the
metapinilic effect, arid it us-as suggested thirst

tine same consformationsal ciuamngc mighnt uns-
derlie both the metaphihic effect and the
pisensomcmsonn of descnssitizatiomn.

Ins tine preceding paper (2) us-c discussed

the mecinanism of desennsitizatioms to agonists
ins chick and frog nausclc. Tine model that

seems to account most satisfactorily for tine
phemiomemsonn of desennsitization is that first
proposed by Katz ansd Thesleff (3), sinown
diagramatically in 1”ig. 1 of the preceding

paper (2). This involves tine formation of ann
agonsist-recepton complex, AR, us-hsicin slous-lv
cisa.nnges to a different connformationnal state,
AR’. This complex may tincnn dissociate, leav-
ing tine unoccupied receptor, R’, ins an altered
conuformations. R’ sponst anseously bunt slous-ly
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reverts to the original consfornsatiorn, R. The

permeability chansge produced by tise agonist
is assumed to be a fumictions of tine fractions of

tine receptors in tine form AR, us-mile R’ repre-
sents receptors irs tine desennsitized state.

The iuypothnesis tinat us-c inrsve set out to test

ins this paper is thirst tine metaphilic effect oc-
curs because the amntagomsist has a higher af-
fimsity for R’ tinans for R. Ins tine accompanying

paper it us-aSs shnousni tinrst certain partial
agoniists us-crc particularly effective inn crsuns-
ing desenssitization ins duck ansd frog muscle.

Accondinug to tine inypothuesis tinese drugs

should produce tine metaphilic effect more
readily tinani do ordinnary agonuists, amid this
has beers confirmed by results presented ins

this paper. Moreover, uve inave found a fixed
relationship betuseenu desemnsitizrstionn amid tine
metaphilic effect for a number of differenst

agonnists usisich ((uanstitatively supports the
isypotisesis tiuat the same mecinanism under-

lies both pinenomemna.

METHOI)S

Tine experimental methuods for recording
tension from strips of cinick bivenster cervicis
muscle, amid ensd-plate depolarizations from
the extensor lonugus digiti IV nsuscle of frogs,

are described in tine preceding paper (2).
Tine salt solutions annd drugs used were also

tine same as ins tine precedimng paper, except
that the alkylatimsg agent decamethnylense-1-
(2 - ciuloroethsyl - 1 - nsaphthnylnsetiuyl)aminie-

10 - dimethyl - (1 - nnaphthylmetinyl)ansmo-

nnium cinlonide hnydrochlonidc (DNC10M)2 �

us-a.s used for the measurement of tine meta-
philic effect. Thus compound is a close chem-
ical relative of the metaphnilic alkylatinng

2 The abbreviatiomis used are: DNC10M, deca-

rnethylemie - 1 - (2 - chloroethyl - 1 - miaphthylmethyl)-

amimie - 10 - dimethyl - (1 - naphthylnnethyl) - anumo-

nium chloride hydrochloride; 1)PCn0M, deca-
nnethylene -1 -(N- benzyl -2- chloroethylamimio) -10-

dimet hylbennzylammoni unn chloride hydrochloride;

C5TMA, t rimet hylammonn i unn connpoumnds, where

n = 7, 10, or 12; C�bis-TMA, bistriunnethylam-

nuonium connpounds, where n = 13, 16, 17; phennyl-

TMA, phemuyltrimethylammonium iodide; C10bis-

DEMA, HuRnHnN�(CHn)nn - N�Hnli2Hn . 2Br, H1,
R2 = ethyl, 113 = methyl.

The 1)NC10M used in this study was prepared

by Mr. J. Ornierod amid 1)r. E. W. Gill, l)epartment.
of Pharnnacology, Oxford University.

agent DPC10M tested previously (1), annd
mad extremely similar phuanmacological prop-
erties. The metaphihic effect, how-ever, ap-
peared to be rather more promnounced than
usitiu DPC10M (i.e., the effect on the blocking

actions of simultaneous applications of a corn-

ditioniirsg agonist uvas greater) , and so it us-as

preferred for this study. It was similar to
DPC10M ins its specificity rsnsd durations of
actions. DNC1OM us-as prepared as tine 2-chlo-
roetinvlamine. A 10 mun solution was made up
iii 0. 1 sn HNO3 containing 10 % (v,/v) etina-
nsol. This solution (4 ml) us-as added to 6 nnl

of sodium phosphate buffer, pH 7.4, 67 mun.
Tine opalescenst mixture was kept at 37#{176}for

30 mini (during whicin time it partly cleared)
amid them kept at 0#{176}.This procedure gave

70 % conversion of the startirng material to
etiuylemniminsium ion, us-huich was stable for

several isours at 0#{176}.Tine connccntrationss givens

refer to the concentrations of the ethnylenimi-
niunm ions.

RESULTS

Comparison of inetapli i/ic effects /)rod’uced

by carbachol and C10T]L4 ii, c/tick niuscie. A
number of experiments us-crc carried out ins
usiniciu tine blocking effect of DNC10M us-as

measured, with carbachnol as the test agonuist,

after exposure of the tissue to a consditionuimng

dose of either carbacinol or C10TMA. Figure 1
shnows tine results of sucin ann experiment. The

strips, takers from tine same muscle, us-crc

mounted ins t�eparate organs batins. Both prep-
aratiomns were exposed to 7.4 X 10� un
DXC10M for 10 mins. Inn preparations a tinis

usas preceded by a connditionninng dose of car-
brschnol (6.6 x 1Q6 un for 5 mini) ; in prepara-
tions b tine consditionuing drug uvas C10TMA

(1.1 x lO-i un for 5 mimi). It can be seers thirst

tine blocking a.ctionn of DXC10M us-as muncis
greater (dose ratio, about 4) after conuditiomu-

iisg tine tissue w-ithC10TMA tiuann it us-as after

conditioning uvitis carbrscinol (dose ratio, 1 .2).
Tine concentrations of tine comiditionsinig drings
usere selected to give equal, sunbmaximal cons-
trrsctionis of tine muscle.

Tinis difference bctuveems C10TMA arid car-

bacinol as metaphilic agents us-as investigated
nsore thoroughly in a series of expenimenuts
whose results arc summarized in Fig 2. Ins
these experiments tine connditionsinng agonist
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FuG. 1. Comparison of metaphilic action of

carbachol and C10TMA in chick muscle

Preparation a : #{149},control dose-respounse curve
to carbachol; 0, after treatment with carbachol,

6.6 X 106 M, for 5 mini, followed by DNCm0M,

7.4 X 10� M, for 10 miun. Preparation b: �, con-

trol; 0, after treatment with C1OTMA, 1.1 X 10”
am, for 5 mm, followed by I)NC10M, 7.4 X 10� am,

for 10 mini. The blocking action of DNC1OM was

niuch greater in preparation b, where the condi-

tiounimng drug was C1OTMA, than in preparatiomn

a, where the comiditiounimug drtug was carbachol.

FIG. 2. Blocking action of DNC1OM in chick

flu uscie.

The fractionn of receptors blocked by a 2-nun
exposure to DNC1OM is plotted against, the con-

ceuitration of DNC1OM. Each point is the nneaun
of two to four measurennenits. #{149},countrol curve
(uno conditiomninng drug); 0, I)NC13M applied 1
nniui after washimig out conditionnimng dose of

CLOTMA (7.4 X 106 am for 10 mimi); #{149},l)NC10M

applied 1 nun after washimng out comnditiouiimng dose

of carbachol (6 x 106 am for 10 mimi).

w’as left ins contact with the muscle for 10

mini. Onne minnute after washinsg out the con-

ditioninig agonist, DNC10M was added and
left in for 2 mm. The muscle was tested with
carbacinol 20-30 mini later to determine the
amount of blockade produced by tine
DNC50M. Figure 2 show-s the occupancy pro-
duced by various conncentrationus of DNC10�1
us-itisout anuy conditioning agonist. In tus-o

similar experiments, tine metaphuihic actions of
equipotenit conscemstnrstions of canbachol (6 X
10� M) arid C10bis-DEMA (2.2 X 10� �sm)
uscre compared, anid nso differensce us-as founid.
C10bis-DEMA is a partial agonist, but, uni-
like C10TMA, it does not cause a rapidly

fading contraction (2). Figure 2 show’s that
conditioning with C10T\IA irncreased the po-
tenscy of DNCSOM by a factor of about 2.7.

Metaphilic effect in frog muscle. The meta-
phihic effect us-as readily obtained at the frog
motor end plate. Tbnus Fig. 3 compares tine

blocking action of DNC10M us-hen applied
alonse to the muscle, ansd when applied con-
currently with a conditioning dose of can-
bachol. Tue dose ratio produced by 2 X
10-n :sn DNC10M applied alone for 10 mm was

about 1 .25 (i.e., 20 % of the receptors were
rslkylatcd) , uvhile tine same concentration re-
sulted irs a dose ratio of 2.2 (55 % of tine
receptors alkvlated) us-hens 10� �n canbachol
uvas present for 5 mini in addition to the

DNC10I\1. Control experiments show-ed (a)
that the consditionsinsg dose of canbachol did
riot by itself produce any long-lasting chanuge
in sensitivity, tine desensitization useanimng off

completely uvithins 15 mm, amid (b) thirst de-
polarizations of tine nsuscle by 10 msn I�
during tine applications of DNC10�\’I did nuot
enhance tine blocking action. The results of

I06 Hodgkini rsnsd Horowicz (4) show- thirst batin-
ing flutid of this coniposition will cause a
depolarization of about 30 mY, us-hicis is
about equal to tine emid-plate depolarization
caused by 10� �i carbacinol (5). Ins our cx-
penimennts the conuditionning dose of carbachol
was added irs the presenuce of DNC1OM ansd
must huave caused munch less depolarization

than did tine addition of K�. Since the meta-

phihic effect us-as seers only with carbachnol,

this rules out depolarization pen se as tine

cause of tine imncreased blocking actions of

DNC10M.
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0 3OxiO�
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FIG. 3. Metaphilie effect in frog muscle

Hind-plate depolarizat iomn is plot ted agaiuist
carbachol conncemntrationi. 0 , comitrol curve; �,

after 1)NCuo�t1, 2 X 10� am, for 10 mm [carbachol

(10”) M) was presemit as a comiditionninig agomiist
for 5 mm durimng the exposure to 1)NC10M}; #{149},
after a further exposure to I)NC10M as above,

hut without any conndit ionimng agomnist ; � , after

exposure to carbachol (10” iii) for 5 mimi, without

DNC1oM. Ifl this experimernt, I)NC10M applied

oui its owun produced omnly a small antagonisnn

(Li -p #{149}),while the same concemntratioui applied
concurrently with carbachol had a nuuch greater
effect (0 -� Li). The comiditioniuig dose of car-

bachol by itself had muo effect (S -‘ 0).

In tine preceding paper (2) uve reported

tinat depolarizing agenuts differed ims the
amount of desennsitization thirst tines- pro-
duced at frog motor end plates. Ins particular,

certains agonnists, suchu as C7TMA, C13bis-
rf\IA arid phenyl-TMA, desenusitized very
much more tisams carbachol us-liens tine drugs
usere tested ins concentrations thirst produced
tue same initial depolanizatiomn. Tine results
illustrated inn Fig. 4 sinous- thirst tine metaphihic
effect produced by a consditionsirsg dose of
C7TMA on C13bis-TMA applied before
DNC10M usas added to tine batin was much
greater than when the consditionninng agonis.t

us-as carbachuoh. Similar results us-crc obtained
uvithu phennyl-TMA, uvinichu us-as also more ef-
fect.ive thams carbacinol ins promotinng the
actions of DNC1OM.

The results in frog muscle show thirst the

metaphilic effect seen with DNC10M is very
similar to the phenomenon in chick muscle.
Drugs that cause rapidly fadinig depolaniza-
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FIG. 4. Metaphilic action of (-arbachol, C7TJIA,

an(1 Cu3bis-Til’IA in frog muscle

a. 0, comitrol curve; �, after carbachol (1.5 X

10-i M for 10 mimu), followed by l)NC10M (5 X 10�

am for 2 nun) applied 1 mimi after washinng out

conuditionning dose of carbachol; 0, after further

exposure to 1)NC10M as before, followimng comi-

ditioning dose of C7TMA (2 X 10� in for 10 miii).

b. 5, control curve. A, after conditionniung dose of

earbachol (7 X 10-6 M for 10 nuimi), followed by

1)NC1�NI (5 x 10-i si for 2 nniui). #{149},after couidi-

tiouninig dose of Cu3 1)iS-TMA (7 X 106 ii for 10

miii), followed by a further exposure to 1)NC10M

as before. Jun each experinnent., the anutagomiisnn

caused by DNCIOM after a comnditiouniung dose of

carbachol was snnall (0 -‘ �, 5 -‘ A); the

alit agoimisnn produced after condit iomning with

either C,TMA or Cu3b��-T1�o’IA was comnsiderably

greater (� -* 0, A -� U), though the comncemntra-

tions used were equipotent mi prodiuciung depolar-

izatiomn, with the conditiomning dose of carbachol

used mi each experiment.

tionus shnous a particularly promuounced meta-

pinilic effect, just as ins chuck nsusclc, tinough

different compounds are required to sinous- the
effect ins the two preparations (2).

Quaiu t itative correlation bet ween (lesensitiza-
tioit airs! the metaphil�c effect. Tine rcsunlts pre-
sensted so far have shouvnn tinat rsgonsists thirst
cause marked desensitizations also produce a
marked metaphihic effect, amid so support
qualitatively tine hypothesis thirst tiue nneta-
pinilic effect comes about because of a iniginen
affinity of the antagonist for descnssitized
thsams for inormal receptors. To stnenugtinen tine
argumemit it usas necessary to test tine rela-

tionusinip quantitatively.
If the mechanism proposed for desenusitiza-

tioni is correct, tine amount of desensitizations
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Comparison of (lesensitization an(l metaphilic effects pu-o(liu-c(l b!/ (lifTelent (Igonists

Conditioning agonist Concentration tjj t� �. q” qt�t

,,zz,z:rsl i,iin

Carbachol 3 . 7 X 10-” 10 3 0.38

4.4 X 10-i 10 2 0.46

1.1 X 10� 10 3 0.51

Cn0TMA 7.4 X 10-6

7.4 X 10-6

2.2 X 10”

2.2 X 10-”
2.2 X 10-”

2.2 X 10-”
2.2 X 10-”

2.2 X 10”

2.2 X 10-”

10

10

10

10

10
10

10

10

10

2

1

5

5

4

3

2

2

1.5

0.53

0.74

0.34

0.24

0.53

0.70

0.85

0.28

0.45

0.24

0.24
0.21

0.24
0.25

0.21

0.26

C12TMA 2.2 X 106

2.2 X 106

11.5

11.5

3

1.5

0.48

0.62

C16bis-Th’IA 7.4 x 10-s 10 2 0.36

Cnibis-TMA 3 X 10� 10 2 0.80

i’�’Ienimn ± SE 0.25 ± 0.01

0.50

0.54

0.54

0.65

0.47
0.35

0.40

0.53

0.63

0.60
0.67

0.50
0.54

0.47

0.64
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measured at any time after a coniditiomsinig

agonist is washed out of the tissue is a fume-
tion of the fraction of receptors in tine R’
form, arid this can be measured by the

agonist dose ratio, as discussed in tine preced-
nig paper (2). We assume thirst DNC10M, at

a givers concentration applied for a givems

length of time, will alkylatc a greater frac-
tionn, q’, of tine receptors in the R’ form, than

the fraction q of receptors ins tine R form. If
the fraction in tue R’ form is pd , the over-all
fractions of receptors alkylated, qtot , will be

qtot = q’pd + q(1 - Pd)

= q + pd(q’ - q)

If tine DNC10M is applied uvhsen tine tissue

is desensitized the over-all fractions of re-

ceptors alkylated, qtot , can be measured
after the desensitizations has us-orns off. It is
thus possible to estimate botin t � � arid pd

expenimenstally, arid to test usiuethner the
linear relationship expressed iii the above
equations is realized.

Tine experiments us-crc done in cinick mus-

dc, as follow-s. A dose-response curve was ob-

taimsed usitis carbachol. A comnditiomsinsg ago-
rust us-as thnen applied for a given lengths of

time arid then washsed ount, and after a givens
recovery period (tr mimi) a test dose of

crsrbachsol, calculated to give a response ins
tine same range as tine control dose-response

curve, us-as added. From the size of this test
responsse, tine desensitization dose ratio amid,
hence, Pd us’as calculated. The preparations

was t.hnens left to recover fully. Wincnn it mad

done so, tine conditioning agonist us-as applied
againn as before, arid after tr mini DNC10M,

1.5 X 10� un, uvas applied for 2 mini. Tine

muscle us-as then left for 30 miii and tested

uvitin carbacinol to determine tine dose ratio

of tine blackade produced by DXC10M amid,
inence, q,01 . Only one such experiment could

be done on eacis strip of muscle. A number
of different corsditiomsirsg agonsists us-crc

tested ins this uvay, amid the recovery t ime
us-as varied in a systematic us-ay frons expeni-

merit to experiment. In several experinnemits

(see Tabie 1), DNC10\1 us-as applied witinount

aniy consditiomsinsg agonist, to give ami estimate

of q. Thnis varied someusinat from PreI)rtratioms

a td time of application of conditioning agomnist.

S tr time between washing out condit.iomning agonist amid adding 1)NC10M.
C Pd fraction of receptors desensitized at time t, after washing out conditionimig agomuist..

(1 q = fraction of receptors blocked by 1)NC10M without amny conditioning agonist.
e qtot = fraction of receptors blocked by 1)NC10M after comiditiomning agonist.



Pd

388 RANG AN!) ItITTER

cttot

FIG. 5. (‘otielation of nuetaphilic effect and

(lensens itization in ch i(k m uscle

The experimental procedure is described in the

text, and the results are givemn mi Table 1. The
fraction of receptors alkylated (qtot) after a

stamidard exposure to DNC10M (1.5 X 10� M for

2 mm) is plotted against the fraction of receptors

desensitized . Comiditioning drugs : 0 , C1OTMA,

2.2 X 10-” am; 0, C10TMA, 7.4 X 106 M; #{149},car-

bachol, 4.5 X 10�-” M ; �, Ci6bis-TMA, 7 X 108 am;

5, C17bis-TMA, 3 X 10� am; V, Cu2TMA, 1.5 X

106 \n; �, no conditioning agonist (mean ± stand-

ard error). The regression line was calculated by

the nnethod of least squares, and has a slope of

0.51.

to preparations, tine means value (±stansdard
error) being 0.25 ± 0.1(n = 11) ; this value

has beers plotted ins Fig. 5. It cain be seems
from lug. 5 thirst tine linear relationu betuvcems

qon arid Pd predicted theoretically usas borne
ount. by experiment.. Included in tinese results
are a series of experiments usitin C10T�\IA ins
ushnich the recovery time after uvrssininig out

tine conditioning dose was varied systemat.i-
calls-. Tine fact thirst. all of these poimit.s fell on
tine line is evidence t.hnat tine time course of

recovery from desenssitizations is tine same as
the time course of dechinie of tlue metrsphilic

effect. Also, Fig. 5 imscludes results obtained
us’ithn canbachol amid wit.in “desenssitizinsg

agonsists” such as C1OTMA amid Cn7bis-TMA.
Tine rclat.ionisisip bet useeni desensitization

and tine metaphilic effect. appears to be just
the same ins bot.h groups, as the inypotinesis

demands.
A difficulty usiths tinese expenimenits is thirst

tine DNC1OM us-as a(Ided for 2 miii, during
us-hich time tine desensitizations us-ould riot

huave been connstrsmnt, sinsce tine fmnsctiomi of re-

ceptors iii tine R’ forns declinnes usitin a inaif-
time of 2.3 mimi (2). Ons tine other inannd, tine

value of Pd uvas determinsed by a test dose of
carbacinol thuat us-as left ins the batin for 2 mini
arid produced a response thirst reached a

plateau in about 90 sec. It seems likely that
tine size of this response reflects roughly the
average desensitization existing during the

time for us-hicin carbaciuol us-as present, and it
is not unreasonsable to assume that a similar
average value of Pd determined tine size of

thne metaphilic effect measured by a 2-mm
exposure to DNC10M. We inave assumed,
therefore, thirst the unnnccrtaimsty in the meas-
uremenut of /)d ansd qtot usill mnot seriously
distort tise nelatiomssiuip betus-eenn them.

A iuomalous ji lulin(Js. In tuso experiments of
tine kind discussed, the connditionimng drung
tested was C�2TMA. This is ann antagonist in

chick muscle, arid rio stimulrsnut action counld
be discerned evens us-liens the potassium cons-
cemstrrstion us’as raised so that tine muscle de-

velopcd slight tension. This procedure mark-
edly increased the sensitivity of the muscle to
carbrscisol, so that it us-ould contract uvith
about 7 X 10-v � crsrbachol, ushnereas a cons-
ccnstration 3-4 times as great us-as mueeded to

make it contract mi normal Krebs’ solution.
As cars be seers frons Fig. 5, C12TMA us-as

quite effective ins producing a metapinihic ef-

feet ; moreover, tine size of tine effect us-as

related to tine diminished sensitivity of the
muscle at tine time tine DNC10M uvas added.

Thus it appeared thirst the “desensitizations”

produced by C12TMA usas associated uviths an
increased affinity for DNC10M, just as usitin

tine otiner drugs studied, bunt tine dcsemssitiza-
tioni occurred uvithout any measurable stimu-

lationi of tine muscle. We sisouved before (1)

that tubocurarine did riot produce a meta-
philic effect, arid so it is evident tinrst occupa-
tioni of tine receptors is nuot in itself enough to
ensinance the blocking action of DNC10M;
tine relations betus-een tine action of C12T’s’IA
arid the desensitization produced by agonists

is thus far from clear.
A seconnd amnomrsloins result, uvisicis is prob-

ably related to tine effect of C12TMA, us-as
obtainied usiuems us-c tried to test the mechna-
nsism of tine desennsitizinig action of C1OTMA.

Ins tine preceding paper use suggested that



DESENSmTnZATnON ANI) THE METAPHILIC EFFECT 389

C10T�’s’IA caused marked desensitizations be-

cause of its relatively high affinity for R’.
This property might be expected to make it

effective in protecting tue receptors against
alkylations by DNC10M.

We therefore performed a number of cx-
perimensts ins usinicis C10T\IA uvas applied as

a conditioning agonist for several minutes;
DNC10M us-as them applied either usithnout
usrsshimng out tine C10TMA or imnsiediately
after us-asining it out. It us-as argued thuat if
C10TMA us-crc occupying a substrsnitial frac-
tioms of R’, it should protect I?’ against
alkylationu, arid tine DXC10i\I shsould hirsve
produced more blockade usiueni it us-as added

after the C10TMA had been usashned out

than us-liens it was added in tine presence of
C10TMA. In three experiments dome to test
this point, tine effect us-as riot seems: the

blocking actions of DNC10M uvrss sligistly

greater uvhiens it us-as added ins tine presence
of C10T?s”IA thirsts uvisens it us-as added after
washinng out tine C10TMA.

1)ISCUSSION

Tine findings presented inn this paper sinous-

a close correlation betus-eemn desemnsitization
amid tine metrsphihic effect. Tisus, us-c have

found ins both chick amid frog muscle thirst
agonsists that are particularly effective in

causing desemnsitizatioms also produce a
greater metapisilic effect tinamu drugs like

canbachol. Tinis, togetiner withu tine agree-
merit betus-cen tine patterns of tine specificity

of dcsenssitizatioms (2) amid tine production of
tine metaphilic effect (1), provides (luahita-

tive evidensce for tine hiypothnesis that the

altered conformations of tine receptors for
uuisich metapinilic antagonists inave lnigh
affinity is the same as tine forns of the recep-

ton responsible for the pinensonnenon of de-
sensitization. Thne quanntitative predictions of

this hypothesis is tinat tinere slnould be a

hinsear relationsinip bctuseems tine fractions of

tine receptors alkylated by an application
of DNC10M (qtot) arid tine fractions of the

receptors in tine desensitized state usiueni

tine DNC10M is applied (pd), irrespective of

tine mature of tine agonist responsible for tine

desenusitizations. This predictions us-as coms-
firmed for chick muscle (Fig. 5).

From Fig. 5 it is possible to calculate

roughnly tine relative affinity of DNC10M for’
I? arid for R’. In a nsomidescnusitized nsuscle

(assumed to corstaims 100 % R) , 25 #{182}‘of the
receptors svere rsklylated in 2 mini (left-huanud

intercept). Extrapolations to tine nigint-hnansd
intercept (100 (�, R’) siuosvs tinrst tine sanse

coricemitrations of DNC10\I us-ounld have sil-
kvlated 76 #{182}7�of R’ ins 2 mini. If us-c assume
that tine reactions is first-order, as us-as founsd

for bemnzilylciuolimse muistard (6), tue half-
time for alkylationi of R is 4.6 mm usisile tine
half-time for rslkvlrstion of R’ is 0.95 msuins. It
appears, tineis, thirst tine rate of alkylationi of
R’ by DNC10M is about 5 times as great as
tine rate of alkvlationi of R. This could be
tine result either of an increased affinity of

tine etinvleniminuiunm form of I)NC10M for

R’, or of a greater rate of aikylationn omucc

tine reversible etisyleniiminium-R’ consplex

inas beers fornned. Sinice the metrspinilic effect

occurs usitin reversible antagonists as uveil as
alkylatimug agemnts (1, 7), tine former explanna-
tiomi seems tine more likely, tinouglu us-c cans-
not exclude tine latter possibility as a cons-

tributinsg factor.
Tine anomalous resinlts obtainsed uvith

C10TMA annd C12TMA cannnuot very easily

be fitted insto tine proposed mcchnansism,
tinougis certaims possibilities cars be sing-

gested. A commons featinre inn tine cinemical

structunre of metapisilic agonsists amid anstago-

rusts is tine possessions of hydropinobic sub-

stituenit grounps, sunch as pisennyl, nsapinthyl,

or ,u-decvl. This makes it possible tinat
hydropinobic, rather than ioiuic, bonidinng is a
major factor ins determinuinng tue affinity of

tinese drugs for R’. ‘Fine mature of inydro-

pinobic inuterrsctionss is suds tinat onse riced

nnot expect conspetition betss-eems different
molecules for tine bimidimng sites. Tinims binsd-

nug of C10T1\IA to a receptor migint niot
preclude tine simuiltaneous bimndimsg of
DNC10\I. Thus could account for tine failure

of C10T1’sIA to protect tine desemnsitized
receptors against alkylatioms by DNC1 �\ I.
To account for tine metapinilic effect of

C12TMA, us-c should have to suppose thirst
the isydrophuobic binding of C12TMA ac-

tually favored tine bimsdiisg of DXC10M.

These are only specunlrstive possibilities, but

they suggest tisat tine imiterpretationn of

‘‘protections’’ experinnemut.s uvhnems insole t hams
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one type of binding force is involved sinould
be treated uvith some caution.

The results presented mi this paper pro-
vide quantitative support for the theory
proposed to account for the relationship

between descmnsitization arid the metaphilic
effect. The cyclic model analyzed inn the
preceding paper (2) is almost certainly ann

oversimplification, but the theory seems to
account in a satisfactory way for most of
the experimental results obtained.
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