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ABSTRACT

" In the histaminest; receptor system of quinea'pfq.fleum

. l—ha]oalkvlamlnes produco an 1rrevcrs1b1e paral]el shift in dose-

vresponso curve to histamine, and at h1qher doses produce a depres-

sion of the maximum response In order to 1nvest1qate this pheno-
(.

' menon further, the. 1nteract1on of the p- haloa]kvlam1ne phenoxyben-

. zam1ne (POB) N ‘ethyl- N 2 ch]oroethy] benzv]am‘ne (ECB); ,vN—ethy]-:

) w“oxybenzam1ne or. SY14

N-2 chloroethvl as naphthylamlne (SY]4), and N N-d1methy1-2-bromo-

\';._

The para1le1 shift of dose- response curve produced by phenoxy-

’phenylethylam1ne (DMPEA) , W1th th1s receptor system were’ stud1ed

benzam1ne was not abo]1shed by the presence of thlosulphate and is ,f

thus apparently not a competltlve revers1b1e phenomenon The 1nsens,f~

s1t1v1ty of the maqn1tude of the para]]e] shwft to changes 1n exposureQ ,_,4'

time, and the s1m11ar1ty of resu]ts of isotonic and 1sometr1c record-

!

- ings sugqests that the para]]el sh1ft in dose response curve does not ‘

ﬁ

result from the presence of “spare cells".

- In the absence of sodiun th‘OSlﬂphate a scavenger‘Of'the'~f'

_az1r1d1n1um 1on be11eved ta be the active species of B- ha]oa]ky?amine,_ o

?phenoxybenzam1ne produces a para]]e] shwft 1n dose’reSponse Curve w1th,,

retention of the max1mum response of 0.67 100 units:. In the presence _"3'

of SOdlum th1osulphate a much 1arqer sh]ft of about 2 ]oq un1ts can be(

achleved The maqn1tude of the sh1ft of the dose response curve wwth j_~'°

<

‘retention of-max1mu' response d1ffers 51qn1f1cant1y when ECB phen—

re used

When h1gher do es’ of phenoxybenzam1ne are used such that the

C maxvmum response 1s depressed a. sma]l reversa] of th1s depre551on 1s,f::

vobserved w1th pro]onqed wash1nq of the t1ssues Th1s,reversa]w1s

Tiv.



great]y acce1erated by the presence of 5203 and BSA in the wash f]uld
The para]1e] sh1ft of dose response curve is unaffected by thts treat-
.ment. ‘ | | ‘ . . _ L nl ‘, = | : i;
Protect1on of thxs depﬁ@ss1on of the' max1mum response ts
\achleved by pretreatment with DMPEA or receptor protect1on by h1st-
amine. Ne1ther of these treatments altered the pos1t10n of a dose-dg
- response curve sh1fted with a 10wer dose of phenoxybenzam1ne ; 7'_ LA,.i,fi
It was found that desens1tlzat1on to h1stam1ne was capab]e of
proddt1nq a se]ect1ve protectlon aga1nst the . phenoxybenzam1ne 1nduced

depress1on of the max1mum response ‘ Desens1t1zat1on had ]1tt1e effect®

on .the sh1ft of the dose response curve. The resu]ts 4mp1y that de--»‘
'sens1ttzat1on for h1stam1ne 1nvo1ves a conformat1ona1 chanQe in the
_receptor L., - f. . f.j L ‘H‘._- p; J"‘. . . oL |
~ These’ resu]ts suggest that there are separate processes invo1~ ndf
;.ved 1n the product1on of the 1rrevers1b1e sh1ft of the dose response ~:’&_"
curve and the. depre551on of the maxwmum response The resu]tS'do not f.fﬁ ?
'support the ' Spare receptor hypothes1s but can be exp1a1ned by a ”two-r
-Site' hypothes1s mUCh 11ke that proposed by Moran and Tr1qg]e (1970)
Cfor the muscar1n1c receptor of rat JeJunum or. the "two state" hypothes1s;..f
“based on a mode] for a]]oster1c protetns by Monod Nyman and Chanqeux
";(1965) _ Ca]cu]at1ons, based on the equat1on descr1b1nq th1s ]atter
- modeT pred1ct1nq the effects of 1rrevers1b1e 1nh1b1tors of receptors‘!;i:si

. are a]so preSentedI g '_fv"-f;,:3'~f’:f; o fy?:"_}-f'; "?f:i;f‘f P



T.P. Kenak1n, and D.A. Cook Antagon1sm of the h1stam1ne re
= of guinea pig jleum by beta- haloatkylamines.

Pregented to
Canadian Federation of B1o1oq1ca1 Socwet1es, Jy 1974
Ham11ton 0ntar1o

T.P. Kenakin, and D.A. Cook. Beta;haloa1ky1amine bJOCkade_of'an
. effect of temperature on the histamine response in gUineg
pig ileum. Presented to Canadian B1ophys1ca1 Society,
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I. " INTRODUCTION .

A. ‘GENERAL INTRODUCTION AND HISTORY -

Slr w11]1am Osler (]849 1919) once sa1d that a pr1me d1$t1nc-
',t1on between man and other creatures 1s man 3 yearn1ng to take med1- _
_c1ne whether or not this be s0, most of man' S know]edqe about the:
med1c1nes that he takes has been qanned 1n the past 100 years <_The-
1dea that chem1ca] substances (drugs) act on spec1f1c sites on the
cell membrane'(receptors) may now appear stra1ghtforward but it took

1

many years of emp1r1ca] observatlon before any of the processes in-

volved 1D drUQ*receptor 1nteract1on were eluc1dated The first step, _;':'

- was to assoc1ate d1sease w1th a b1ochem1ca1 et1o]ogy and not the dis-

T

Vpleasure of the Gods o Aﬂ, .ﬁ',‘ﬂ_-c. B 1-i' .

For centur1es, d1seases have been cons1dered to. be the resu]t R

- of ma]evolent sp1r1ts ar. 1mba1ances 1n var1ous humors of the body

The Ebers papyrus (c1rea ]550 B C ) conS1dered to be one of the o]dest

known pharmaco]oq1ca] records offers var1ous)prescr1pt1ons to *t.,_ff»:e'”

empty the belly and make a]l ev11 that is in the bodv of man come out“i"-f'a”

(Ebers, ]875) OCCBSTOHalTv, however effect1ve cures deve]oped with :};if5:~3

l‘rno pharmaco]oq1ca1 ratlona]e An example of th1s wou)d be the anc1entf"f*},f{

g Egyptwan cure for n1ght b11ndness another for n1qht-b11ndness 1n
'the eyes }1ver of ox, roasted and crushed out, 1s g1ven aga1nst it

. Really excellent " It is now known that n1ght b]1ndness often results; o

"";{from lack of v1tam1n A of whzch 11ver 1s a pr1me source A vast

A

"_'maJorxty of the cures for d1seases, however were 1neffect1ve These R

K3 , :,

superst1t10ns and metaphys1ca] concepts 1n med1crne persrsted throughf:ia R

| ivto the Mlddle Aqes and Renna1ssance in sp1te of wr1t1ngs by certa1n

ﬁ ’non~conformlsts Who attempted to- study the ettoloqy of d1sease and

ifpf‘

’ [N
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S e ] 1869 Schm1edberg and Koppe wrote

R afte" be te""ed receptor“

develop cures‘on a rationa1 basfs One of these, Theophrastus |
Parace]sus (1493?1541) proposed that spec1f1c d1seases shou]d be .
treated~w1th specific chem1ca] suhstances but’ h1s words were “to o -
unnot1ced unt1l the t1me of Ehr]1ch Wlth the fruwtfu] stud1es of -
fundamental,ceTlular processes andfthe successhof,chem1sts in first.
isolating and”then synthesiainq active principles from p]ants'anden
animais came the’ age of exper1menta1 pharmaco]oqy o | |

Invest1gators began to note that certa1n drugs were qu1te

spec1f1c in the1r actxon In 1850 C]aude Bernard noted that nerves o

_became 1nexc1tab]e after-treatment<w1th curare while the musc]es

¢

'st111 reacted to d1rect st1mu1at1on Inh1b1t1on of phys1o1og1ca1
»processes by some chem1ca1 aqents was found to be revers1b1e and nqt o

”due to unspec:fled tox1c effects (Ho]mstedt and L11Jestrand 1963)

muscar1ne does not des-

At
v ’ .

N "troy the contract11e force of the heart but only oppresses lt and S

prevents 1ts natura] man1festat1ons from becom1nq apparent

The concept that druqs act on spec1f1c receptors beqan to take form,-*

»

Although Parace]sus hypothes1zed as ear1y as. 1500 that a

' drug possessed a sp1cula" for b1nd1ng to a t1ssue, credlt 1s g1ven}fd
to Lanqley (1905) for be1ng the f1rst to refer to a “receptive sub{
'stance“ as the s1te of act1on for such drugs as n1cotine and curarthifo:}h
f_:H1s exper1ments were essent1a11y an extens1on of the work on %mmun1ty;ﬂl?
/ ’:h?carried out by Paul Ehr11ch who was 1mpressed by his’ observat1ons of':

;h1gh antlbody spec1f1c1ty Ehr]1ch d1d much to—formu]ate the theory

+"

nof receptors and wrote 1n ]909 ‘ "That comb1n1ng group of the proto—-f

‘;m,p1asm1c molecule to wh1ch the 1ntroduc€d qroup 1s anchored w111 here-‘jgiﬂlf

o
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: ii* ( wh1ch one drugtcan un1te w1thout d15p1ac1ng the other drug The ant-'

;great German chemlst Em11 F1scher who deve]oped th1s theory in 1894

‘lock and key. in order to be ab]e to exerc1se a chem1ca1 act1on upon

' each other " -..._ .}':!7%

K ’f%hy part1cu1ar part of the organ1sm 1f they f1t lnto the mo]ecule

‘ .o "»",. . .. ) " 3

There is much c1rcumstant1a] ev1dence ava11ab1e on which to

:base the prem1se that there is. a spec1f1c react1on between a drug and

l .
¢

A recepto;) The potency/and select1v1ty of drugs greatly 1mpressed - L
. AL Clark (1937) when he formu]ated the f1rst theer descr1b1ng

drug act1on at the receptér "The most 1nterest1ng feature of drug

action is the extraord1naey spec1f1c1ty of the act1on of drugs and the‘

manner in wh1ch s]1ght changes 1n chem1ca1 const1tut1on a]ter the1r

A

-act1on " Further substant1at1on of thlS concept is prov1ded by the

%
~fact that some drugs can be se]ect1vely antagon1zed by others

Much effort has gone into attempts to descr1be the act1on of

drugs at . the receptor 1eve1 “Until the'advent of'the‘concept-of al- -

1,1oster1sm a drug was thought to f1t d1rect1y 1nto a receptor 11ke :;f

J‘7‘fa key 1n a 1ock Th1s idea was based on the work and wr1t1ngs of the =

1 w111 _say’ that enzyme and g]ucoswde must f1t togetrer like A\
_& o

In 19]3 Pau1 Ehr11ch wrote ' "Substances cah on]y be anchoer

of the rec1pieﬁt»comp1ex 1ike a piece of mosaic finds 1ts p]ace 1n

a pattern " Th1s rxg1d “lock and key" v1ew of drug receptor 1nter— .'7” | YW
. f‘

- ﬁj o S
- act1on has s1nce been recogn1zed as be1ng far:}oo sumple an 1nter- LI

pretat1on of the physwo]og1ca] process It is: interestlng to note fh”
that as early as 1937 Clark h1nted at the theory of alIoster1sm when

he wrote It 15 neceﬁsary to postulate a complex receptor with

R 1

agon1st drug must be assumed to alter the receptor conflguratlon

‘ Although the concept 1s now approxlmately 70 years old ‘our know]edge



- mechanism;whereby the 1rreverSib1e binding of-one-drug (a B-haloalkyi-'

o Controi experiments are

e THE. HIS:AMINE RECEPTOR

of drug' eceptors-and ‘their mechanism of actionsis still fragmentary
and,incompiete

The drug receptor is postulated to be a. macromoiecuie pos-

sessing strict structurai requirements for neurotransmitters, hormones‘

~and other spec1f1ed chemicai subst ces the binding of which eAici//

a_defined response This thesis is primariiy concerned w1th the

_amine) can affect the binding and. subsequent production of reSponse

by another drug (histamine) Although drug receptors: have often been“'

compared to enzymes, experi ehts described here suffer from the fact

that they must necessarily concern the recepto in i Thus whi]e

...-—._

the study of substrate binding and'inhibition can be carried outggn

: purified samp]es of enzyme w1th a host of techniques, 1solated tissues

studies must derive a11 information about the drug receptor binding tf,;"J

-~

k1net1CS from the gross phenomenon of tissue contraction. Such proce--»

dures nece551tate the carrying out of experiments by the nuii method

Comparisons are between tissue responses obtained before and after

treatment with 8- ha]oa]kyiamine and the assumption is made that the ;ffi*f":

observed effects are a resuit of changes at the drug receptor levei

correct and thus there 1s good reason to beiieve that»tttis rationai ﬁ"ff"'

B O T
to discuss these phenomena 1n terms of the receptOr macromoLgcule

rather than as generaiised or non spec1fic effects i;"g;ﬁlifif L

: h-;ﬂuf_fziihere is overwhelming ev1dence that bidiogicai tissues possess

T

y
v

kY

o ff recept rs SpeCifiC\for Hnstamine (Fig 1) The selective antagonism e

carried out to ensure this supp051tion is P

Y



w1th more fu]]y in a 1ater sect1on (Waud 1962) ' "71 “‘) L”’3 ',ﬁh

pAx values (Schild, 1947) to quant1tate th1s antaqon1sm has demon-

vstrated this»very well, The fact that preparat1ons may a]so be

'"se1ect1vely desens1t12ed to h1stam1ne 1mp]1e{;that spec1f1c receptors

-ex1st for th1s aqent (Innes ]96 ; Dean, 1968) Furchqott (]954)

reduced ‘the sens1t1v1ty of rabblt aorta to many aqon1sts w1th the

B- haloa]kylamwne d1benam1ne (Fig. 2), and found that the sens1t1v1ty

h to h1stam1ne after b]ockade d1ffered from that of other aqonlsts

W

'As d&ienam1ne appears to act at the druq receptor level th1s strong]y‘_f”
}sugge ts that spec1f1c h1stam1ne receptors ex1st 1n ‘this preparatwon

as 1nd1cated by the d1fferent1a1 react1v1t1es of the varlous receptor57 f

o
to the a]ky]at1nq aqent Furchgott also found that h1stam1ne could

protect" these receptors wh11e 11tt]e "oross hrotect1on" with other

V

',agon1sts occurred further 1mp1y1ng a spec1f1c h1stam1ne b1nd1nq s1te

The var1ous prob]ems assoc1ated w1th "receptor protect1on", however, .‘

| are a maJor drawback in thlS type of exper1ment and w111 be dealt

H1stam1ne causes contract1on in var1ous preparat]ons of

1

smooth musc]e from 1ntest1ne and bronch1 wh1ch can be antagonlzed by

adl “

‘1ow concentrat1ons of ant1h1stam1nes such as mepyramvne (Ash and

¥

ach11d 1966) ’Hlstam1ne also $t1mu1ates ac1d secret1on 1n the

’_‘“.stomach (Loew and Ch1cker1nq, 1941),v1ncreases mamma11an heart rate

(e

| '(Trendelenburq, TQGOL and 1nh1b1ts contract1ons of the rat uterus
"['.(Dews and Graham 1946) These act1ons, however cannot be antaqonlzed
;;Q ftby low concentrat1ons of the c1a551ca1 ant1h1stam1nes (Trendelenburg, 7¢ﬂ_f;
1960 Ash and: schnd ]966 ooug1as;,1970) Phenylethylamme has been’i—”f
:éjshown to be f1ve to ten tlmes more act1ve than ewther 2 or 4 (2 amanAL'f

SRR A

*”Aiethyl) yrldlne on: ac1d secretlon and rat uterus but{faFnJESS;QGtJMe;T”ffdT

ol . 0‘ '
DR '
Y



than e1ther of the pyr1d1ne der1vat1ves on gu1nea pig 11eum (Ash and

Schild, 1966) This obv1ous d1chotomy in the act1on of histam1nerq1c

n.agents led Ash and Sch11d (1966) to propose'the d1v1s1on of the
known populatron of h1stam1ne receptors into‘two types‘l Hjlfor the
receptors on-bronch1 and gut and Hp for the receptors on rat uterus, L
the heart and the stomach In certatn preparatwons of vascu]ar o
'tsmoothﬂmusc1e ‘both H and Hz receptors have been character1zed K
(Edv1nsson and 0wman,‘1974 Grennan et a] 1994) _." ;', .

| Nork began an ]964 at the research 1aborator1es of Sm1th,‘

o

K11ne and French teward the synthes1s of a spec1f1c Ha receptor antago#f'

. X.

._n1st and’ after the - test1ng of seven hundred compounds \bur1mam1de was

' d1scovered Th1s agent was found to be a suff1c1ent1y se1ect1ve sur-

‘ ,mountab]e antaqon1st of h1stam1ne on. atria and sat1sf1ed a]] cr1ter1a

for compet1t1ve revers1b1e receptor b]ockade (B]ack 972)
,The pA2 for atria corresponded to that for rat uterus wh11e h1stam1ne S
feffects on cat blood pressure norma]ly refractory to mepyramlne o
(Folkow et a] 1948) were. se]ect1ve1y antagon1zed by burimamide fI;f;‘—Ve
']f:was also found that bur1mam1de antagon1zed gastr1c secretion 1n an1malssz:15
-f\(B]ack et aI 1972), 1n fan. (Ny]11e et al., 1972) and 1n iso1ated |
tpreparat1ons (Black et a] 1972) This group of 1nvestigators has .
_:s1nce produced met1am1de another Hz antagon1st w1th low tox1city

‘ “'-(Black ] 1973) N1th the comlng of th1s new group of se1ect1ve \fj:h

S 1H2 receptor antaqon1sts, 11tt]e doubt remalns about the va]id1ty Of the

;cclass1f1cat1on of hlstam1ne reteptors 1nto these two subgroups
The card1ac H2 receptor has been assoc1ated w1th 1ncreases 1n

fphosphorylase'"a" ]evele 1n ce]]s (Poch and Kukovetz, 1967L.and 1ncreases.g»"
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in cellular cyclic AMp Tevels (McNem and Végma, 1974). Al though
- \ A
. ;here 1s suqqestlve evidence at present no def1n1te re]at1onsh1p

between the H2 receptor and the adeny] cyc]ase system has been estab-
lished. . Recent studies suggest that Hy and H2 receptors are forms of
’the same macromo]ecule but the evidence is as yet 1nconc1us1ve N

: (Kenak1n, Krueqer and Cook, 1974 Okpawa, 1975 Cook, Kenak1n and

- Krueger, 1975). . As’ the experwmentaT work d1scussed 1n this the51s deals

—

| wtth the alky]at1on of the h1stam1ne receptor in long1tud1na1 Smooth .

“muscle from gu1nea pig 11eum all further referepces to h1stam1ne

.

o receptopg w111 refer to the H1 receptor un]ess otherw1se Spec1f1ed
{ S
There 1s substant1a1 ev1dence that the Hy receptor is. one of

- a family of “1ntegra1 membrane prote1ns" (S1nger 1971 S1nger and

N1cho]50n, 1972) and that the act1ve S1te is exposed to- the. extrace11u1ar o
Co _cef Hlstam1ne is a strong base wtth a pKa of 9.7 for the s1de chain - |

D

LT lam1no group and 5 8 for the 1m1dazo1e nttrogen and therefore ex1sts
S
a]most exc]us1vely as a un1va1ent cat1on at- phys1o]og1cal pH (Levy,

1935 Ho]mes and Jones, 1960) H1stam1ne effects on smooth muscle- occur

very qu1ck1y and an 1ntrace11u1ar receptor dependent on a fast transport

o

‘ system for the untvalent cat1on 1s un11ke1y The»responses tq‘histamine

)

. T are pH dependent 1mp1y1ng that the act1ve s1te is under the 1nf}uence 'h_ v
g;;; T oof the pH 1n the extrace]]u]ar f1u1d (Rocha e S11va jﬂ966) The a]ky- R
- 1at1ng agents, 3 ha]oa]ky]amfnes, known to antagon1ze drug responses
throuqh a- pos1t1ve1y changed cyc11c az1r1d1n1um 1on,-(see 1ater section)
b]ock the h1stam1ne response and although ev1dence ex1sts that these N
agents can enter the ce]] (see 1ater sectton), the character1st1cs of o
the b]ockade sg;ongly suggest that the a]ky]at1on takes place at the L;_kf’

B
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extrace]]u]ar surface of the membrane Quaterhization of certain
sant1h1stam1n1c compounds does not abo]1sh the1r act1v1ty with respect

~ to the h1stam1ne receptor further implying® an eXtracel]u]ar 1ocus

»

(Ariéns, 1967).

7iGenera1]y speaking,’thelhtructural requ{rements for agonist”
‘ -properties-at_the»Hz»receptor canube summarfzed a§ follows: i) a
basic side chain appears to be essential for activjty ii) chajns o
"shdrter or 1onger'thanuthe ethyl oroup render the mo1ecu1e inacttv& '

wh11e subst1tuents on the term1na] am1no group reduce act1v1ty 111) the

. i <

- position of attachment of the s1de cha1n on the’ 1m1dazo]e r1ng 1s
ot cr1t1ca1 1v) add1t1on of a methyl qroup to the 1m1dazo]e r1ng reduces
act1v1ty v) am1noethy1tr1azo]e pyrazo]e th1azp]e and pyridine analogs
g are less. act1ve (Jones, 1966 Paton 1973). Jones (1966) concluded

after an exhaust1ve study on a series of ana]ogs that " Q; compounds

’

possessing apprec1ab1e h1stam1ne 11ke act1v1ty consist of smal] nitroqen //,.

heterocyc11c aromat1c rings to wh1ch are attached 2—am1noethy1 side : S
'cha1ns“"' L .f o . B .' | o {

| Much work’ has been done to determ1ne the nature of drug receptors7
and in genera] treatments and procedures known to affect protein‘i/‘

',(enzymes, 11p1d so1vents, su]phydryl reagents protein'denaturants,"
che]at1ng aqents heat and cold) a]so a]ter drug effects at the receptor -
| ‘vlevel Ehren@re1s et al., 1969). A]though most of that work concerns é’n'i

_the acety]cho]1ne receptor, certa1n spec1f1c stud1es W1th hlstamine '2-3;';

‘ S 1mp1y a prote1n nature for th1s receptor as we]l A potent antihista-.

t t

$m1n1c B~ haloa]ky]amwne N ethy] N (B bromoethy]) 1'-naphthy1methy1am1ne
“(SY28) (F1q 3) has been shown to a]ky]ate varvous am1no ac1ds of prote1n»j
kD - o ‘ 41~'i;‘§ Co ﬁ e
k SO e e



Tin the quinea piq vas deferens the residues being. histidine, arginine,
: aspart1c acid, serlne and meth1on1ne Gdlham and Mottram, 1971; Mottram,

’ ':1974). However, this 1s‘tenuous ev1dence\;hEh”V1ewed in 1ight of the

known nonJSpec1f1c1ty of these alkylating agents (vide 1nfra, Section

S

.it). A‘study'of pH and responses/to histamine has shown that “the

active site’of the histamjne receptor appears to‘contain an’ fonizable
group with pKa of 7.0 (Rocha e Silva, 1960). A study'by'Ar1Ens and

Simonis {1965) has led to the conclusion that there is a group of pKa

- 6.8 in the histamine receptor. The imidazole ring is the only group

known to have a pKa in this region Thus it has oeen suggested that'f
the act1ve s1te of the H, receptor canta1ns a h1st1d1ne residue
(Rocha e Silva, 1960, 1969). ; -

The degradat1ve enzyme diamine oxidase (h1stam1nase) has'been- .
detected in, preparat1ons of trachea, 11eum and uterus A study by |

Arun]akshana ‘Mongar and Schdld (1954 has shown that antagon1sm of

th1s enzyme has effects on the. dose response curve to h1stam1ne (the -

tissue appears to be more sensative) but careful controls can accountA-

N

for any effects of histaminase. Certain B-ha]oa]kylamjnes, however,‘

are_knowr to block histaminase; (James, 1950) and the &énzyme must be

~ considered in,receptor protection studies.

C. 8- HALOALKYLAMINES - A SHORT HISTORY AND GENEFAL EFFECTS

The prototype eahaloalkylam1ne d1ben£mine, was f)rst described

o chem1ca1]y by Els]eb (12}4 and prepared 1n North Amer1ca by Na]llam _ﬁ
Gumpc Th1s compound c]bsely resemb]es the n1trogen mustard gases used‘:v:3f

~in WOrld war I but 1acks the second?thloroethvl group E]even years :hht*"

}

- after the synthes1s of d1benam1ne came a. report gf thlS agent S.

.4_&,: \.‘



10
remarkable ability to reverse the 'pressor response of adrena]ine
injected tllt()'"\i}] ( H. (Ni(‘k(‘r”on ,md Goodlnan '19/1‘) This pubhcatlon

. Was rapldly followed by a str1es of reports describing the pharmac010qy
of this compound (Nlckerson and»Goodman 1946, 1947) In their classtc
a Bape¢‘ Nickerson and Goodman (1947) showed that it was 1mposs1b1e to

I
‘overcome the blockade w1th 1n3ected adrena11ne and that the antagontsm

- was present for three to four days. So[much had dlbenamlne captured
the 1nterest of pharmaco]oqists that 1n a rev1ew pub11shed two years '
1ater N1ckeF§on 1949) was ab]e to cite over one hundred references .

to the drug Dtpenam1né has s1nce been superceded by more act1ve ’:a\
‘.<-haloalky1am1nes W1th more. rel1abldeblock1ng propert1es (Graham, 1962)
such as phenovaenzam1ne (Fig. 4). Most of the research done on g-
ha]oa]ky]amlnes concerns their. ant1adrenerq1c act1v1ty As well as"'
- the well dOCumented effects on the pressor response these agents are |

" known to be 1rrevers1b]e antaqontsts of catecholam1nes on rabb1t aorta

(Furchqott 1954), 1solated sem1na1 ves1c1es of the gulnea p1q or rat -

(LeltCh et a] 1954), uterus of the rabb1t or. pregnant cat perfused ;‘.
:'yessel of the’ rabb1t ear, and vessels of the h1nd quarters of sma]]
'anima]s (Graham 1962). Reports have 1nd1cated that n haloa]kylam1nes ’
block the act1on of c1rculat1ng catecho]amtnes much more. eas1]y than

they block the: effec/s~e( adrenerqtc nerve st1mu1at10n (Ntckerson 1959)
,but there 1s conf11ét1nq ev1dence 1n th1s reqard (ste and Beck 1972) ,
':-Ha]oa]ky]am1nes do not block the catecholam1ne 1nduced st1mu1at10n -
2_of mam$a11an card1ac muscle (Ntckerson and Chen, 1961) but do antagon1ze
4

‘ Tcatecholamtne effects on the heart’of the froq and other amph1b1a

‘(Graham ]959) These aqents do not b]ock the re]axat1on of Smooth :f:f

T S
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! mus e be to catm‘ho]ann‘rn\ (Aqorwal and. Harvey, 195 5) but very h)qh
‘ concentrat10ns can partially. antaqon1ze the adrenaline spec1f1c d11a—
‘tat1on of vascular smooth.musc]e:(Youmans,.Green and’ Denlson, ]955).
The action of. these aoents on the adrenerdtc system:have now been'
- fairly ueJI.characteriged; “They b]och,the'a-receptor directTy
(Nickerson and Goodnan, 1947),block neurona] catecholamine uptake s ites
'(Iversen; 1965), block presynaptiC‘sites which normaity-exert a o
”neqattve feedback"-on'the-releaee of.noradrenaline by'adreneroic
nerves, b]ock the storage of noradrena11ne at nerve qranules (von Eu]er,i,
- 1964) and 1nh1b1t extraneurona1 transpdrt s1tes 1ead1ng to a decrease
‘:’” the metabo]1sm of noradrena11ne (E1senfe1d et al., 1967) A]though Ty
it has been stated that. certa1n B- ha]oalky]am1nes do not antagon1ze .
cho]1nerg1c receptors (Graham 1952), 1t is now known that these agents
~ block the aotlons of a var1ety of aqon1sts in many preparat1ons . o
‘ "(Furchqott 1954 Cooh 1971) They are non spec1f1c a]kylat1ng agents
*b1nd1nq to many sites and 1nterfer1nq w1th many processes (Yong and
Marks 1967 Terner, Cook and Marks 1971) T._; R
| Many f—ha1oa1kylam1nes have a profound Iocal anesthetlc act1on
:The aqent N, N b1s 2 phenoxyethy] 2 bromoethy]am1ne for examp]e, 1s a “'

~'much better 1ocal anesthet1c than procalne (Graham, 1960) Some of

' f‘ these aqents, in aqueous solut1ons hydro]yze to form a]coho]s whlch

"act as potent locaT anesthet1cs (Furchgott 1954 James,,1959) and
these hct1ons must often be d1fferent1ated from the effects of receptor }:Lf
blockade by the parent P-ha]oalkylam1ne f_ff;,';;‘;f‘*" ' j -

- Ha]oalkylam1nes have been used to e]uc1date the act1ve s1te
’ of. enzvmes (Crestf1e1d et a] ]963 Oosterbaan and Cohen, ]964

_'_Harn1s; }964) and some have cons1dered the 1og1ca1 exten510n of such }

—
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work'to be the‘Spectfic-labe]1tnq of membrane:receptors (Takags gt_al.,
1965; Moran et al., 1967; Takag1 and Takahashi, 1968).  The procedure
~in these’ stud1es ts to spec1f1ca1]y 1abe1 the receptor 1n sxtu w1th |

rad1oact1ve R- haloalkylam1ne$ homogenize and fract1onate the var1ous
subce]lu]ar spec1es and isolate the ent1ty bound to the rad1oact1ve )
.drug (Lew1s and Miller, 19665 Yong et al , 1966; May et a] , 1967;

lYong and-Marks 1969 Moran and Tr1qgle-‘ﬂ970) The conc1u510n was fd'
qu1ck1y reached however that these agents do not possess the spec1f1c-
ity requ1red for such a procedure It must be noted as well, that the.
'act1v1ty of the receptor component may depend on—the 1ntegr1ty of the
- cell membrane (Trams, 1964) and thus act1v1ty wou]d be ]ost 1n the i
,-fract1onat1on and 1solat1on procedureft The behav1or of the 1solated
recebtor proteln may wel] be anamo]ous and d1fferent from that in the ff:ﬁ"
i'membrahe or in- the words of A, K Ba]]s (1958) ‘ "A relationship may

| wel] ex1st between prote1n and Proteus - a sea god who changes form ;;
| ;:whenever subm1tted to "scrut1ny"' Conc1u51ve‘ev1dence that the 1solated

prote1n represents the receptor is d1ff1cu1t to obta1n s1nce there

'.would be no contract1le mach1nery ava11ab1e to glve a spec1f1c response.‘]fi"

' |—Ha]oa1ky1am1nes have a]sn been used to determ1ne 119aﬁﬂ‘
-aff1n11y constants for receptors (Ar1ens 1964 Furchgott 1966

' Furchgott and Bursztyn, 1967 Waud 1968a, 1968b) but recent stud1es e

1mp1y that such data cou1d be tota11y erroneous (Moran and Trwgg]e 1970);}~:j

5Receptor occupancy relat1onsh1ps have a]so been der1ved from stud1es
o
‘ut111zlng n ha?oa]ky]am1nes (Ar1ens 1964 Furchqott 1966 Furchgott

'r'.and Bursztyn,s 1967 ~Waud 1968a 1968b May et a] oy 1967 Moran and

. Tr1gqte 1970) but recent reports 1nd1cate that such data may be art1-~: L

' facts as wel] (Burgen and Spero ]968 Moran ‘Tr1gg1e and Trwggle 1969)fﬁf=’
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-the reteptor and since the bIockade 15 Tonqg 1astfnq, the'term COmpeti-_

14

As there is some evidence that these agents interact'direct1y'wjth

LlVC 1rrevers1ble has been adopted to descr1be the receptor antagon1sm

(Klme]berg, Moran and Tr1QQ]e, 1965)

: A]thouqh the receptor effects of these aqents most 11ke1y takes ;

place on the extrace]lu]ar surface of the’ membrane, recent ev1dence
shows that aqents such as phenoxybenzamlne are capable of enter1ng

1nto the ce]l cytoplasm as well as parts of the cel] nuc]eus (Graham'

et al., , 1968; Graham et al 1971 Mottram 1974) f;};'

e

N

D, ‘CHEMiSTRY oF.THE.s-HALOALKvLAHINEs~’

Graham 1960)

s

There 1s a great deal of ev1dence ava11ab1e to 1mp11cate the r o

¥

azwr1d1n1um 1on as the act1ve antagon1st of the drug receptor (F]g 5) T*{;

Re]at1ye1y good correlat1ons between the amount of a21r1d1nium 1on

.\‘

formed by varlous compounds and thelr adreno]yt1c and ant1h1stam1n1c

_ act1v1ty have been obta1ned (Graham and Lewis, 1954 Graham 1957)

All act1ve h~ha1oa]kylam1nes stud1ed form the az1r1d1n1um 10n (N1ckerson

and Goodman ]9&7 Bel]eau, 1958) and some az1r1d1n1um 1on plcrylsul-‘

' antwadrenerg1c and ant1h1stam1n1c propert1es (Al]en and Chapman ]960

The adreno]ytlc potency correlates we]] w1th the ease with }

1 wh1ch the halogen leaves dur1ng formatlon of the az1rid1n1um 1on,

Graham and Lew1s, 1983 Graham, 1959)( The fluoro compounds do not

. f . - - - . . A, o .
-,14 R ST T s

( phonate comp]exes have beep 1so]ated (Graham 1957) Those picry]-‘} "~ ¢”ng

rf sulphonates wrth suff1c1ent solub1}1ty have been shown to possess L ?dv B

-L:‘ the order be1nq I»M Br > C] (Hunt 1949 N1ckerson and Gump, 1949 -.(t

L form the a21r1d1n1um 1on (Graham, 1957)‘and, as.expected,apossess noj_iogtnf?
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' A - —CH3CH  cyis
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- Figure 5. = Formation of aziridinium ion for phenoxybenzamine =
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jantagonistic_actfvity (phapman et 51 195T)'~ Aifridinium ions form
':A inactive BUntessalts (Fig 6) W1th th1osu1phate 1on[(Bunte, 1874; }'\f.
.'Frutoh 'Stein and.Bergman 1946) and it 1s we11 known that the ant-
flagon1sm is d1m1n1shed or even abollshed bV th1osu1phate 1on (N1ckerson
and’ Goodman, 1947 Graham 1960b) ‘Rosen and coworkers (1973) have |
d;suggested that the stab111ty of the az1r1d1n1um 1on r1ng 15 of the |
'utmost 1mportance in determ1n1ng whether the mo]ecule w111 a]ky]ate -
'-for ex1st as the 1on 1n so]ut1on It 1s 1nterest1ng to note that some
‘of the compounds tested/had veny stab]ehaz1r1d1n1um ion r1nq systems
‘sand cou]d,ex1st in solut1on for imary hobrs Further. 1nterpretat1on y.y.
;fof the1r f)nd1ngs 1s d1ff1cu1t howeveQ; as deta1ls of cond1t1ons -
'were not g1ven In a study on the mec an1sm of a]kylat1on by t se
.'compounds, Be]]eau and Tr1ggle (1962) have shown that an sn; type i
. of mechan1sm is operat}ve w1th s1gn1f1eant sh1e1d1hg of the formed
'carbon1um ion. When pr1mar11y d or 1 B haloalky]am1ne was a1lowed to
'~eycl1ze there was- 45% racem1zat1on and 55% net retent1on of con-hf”
"'1flguratwon These 1nvestlgators thus v1ewed the az1r1d1n1um 1on r1n§ ?fﬁ .
'Afstructure as a sh1e]ded carbon1um 1on (F1g 7) ' |

Although the az$r1d1n1um 1on has been shown to be the active

"f.form, lt 15 not fhe only speeles formed in- solut1on N1ckerson and

\a

‘ 3? Gump (1949), 1r1$n early study, cqncluded that a quaternary 1m1no group;'vffy{

'“h;'was an 1mportantt1ntermed1ate (F]g 8) but subsequent 1nvestxgat1on

I

'*b~.'{has shown thxs ot to be the case A v1nylanmne spec1es was thought

'5.~‘:to be another posswble cand1date but these have also been shown to be ffffﬁt?i.

7*t 1nact1ve (Graham, 1960a) (r]q q}

A substantlal quant1ty of p1peraz1n1um compounds (F1o 10)

| L ‘form dur1ng cycllzat1on but a study in whach N1cker$on and Gump (1949+~f1”yfd5

,‘.
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[

Figure 7.

Figure 8.

’

Fiaure 9.

e 10,

. shidlded and stabilized by the- e]ectron pa1r of . the nltro- ’
- qen atom. _ e s R
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Br S R CH?

Az1r1d1n1um ion represented as a secondary Carbonwum ion |

CHo

v

\N/o —
/ \CHZZ,-".

CH2 CH??j‘

An- ear]y representat1on of an act1ve 1ntermed1ate from
the az1r1d1n1um 1on (N1ckerson and Gump, 1949) :

| RCHEOH Ot ReprCHCH,

e RUe S BT
R T
: . . N i

’ Format1on of a v1ny]am1ne Spec1es from the a21r1d1n1um :"7;ff_ff.}}
. 1on (Graham 1960a) : Gl TR

" R

/, 2

R e g B

0. Format1on of a pwperazvnlum compound from 2 az1r1d1n1um
e 1ons (chkerson and Gump, 1949)



prepared.a sertes of these'compounds eliminated the possibt]ity that
antaganism wasgdue to these speciesl they proved to be un1form1y in-
active;_ Az1r1d1n1um jons in aqueous so]ut1on react w1th water to .
form alcohols and a]thouqh many of these compounds can. be potent
1oca1 anesthet1cs, no alcoho1 derlvatlve has, as yet been shown to

* * have anprec1able receptor blockwnq propertles (N1cker50n and Gump, R

1949; James 1959, Grahan and Jamé&.JQ%h?

i Structure act1v1ty studles have e]uc1dated‘} number of genera] )

2

ru]es about the re]at1onsh1p between adreno]yt1c and ant}hlstam1n1c

act1v1ty, and chem1ca] structure A cha1n of two carbon atoms appears

to be essent1a1 in the halogen conta1n1ng group (N1ckerson and Gump, - o

) 1949 Graham and James, 1961) and 1ncrea51ng the 1ength of the carbon y?

. chaln decreaSes or abol1shes act1v1ty It 1s a}so essent1al to have

N at 1east one of the N- subst1tuents as an aromatwc 119and (Graham, 1962) f_VMH:

A subst1tuent larqer than a methy] qroup on the aromat1c r1ng great]y

'-,;d1m1n1shes act1v1ty and Rocha e Stlva (1960) has 1nferred that because

' "'these rad1cals 11e off the plane of the r1ng they upset the flt of the af*r'if

"; _mo}ecule Onto the reeeptor If one subst1tuent on the nltrogen atom

”ﬂ1s an- am1noethy1 grbup (qu 11) all act1v1ty 1s ]ost through the

‘xhlformatﬁon of a s1x membered r1nq (N]Ckerson and Gump, 1949 Ullyot and

t'-f~Kerw1n, 1956) » When the n1troqen is part of a r1nq system as 1n

s

(2 chloroethy]) p‘Pe”1d1"e (F19 12) the mo]ecu1e s usua]ly 1nact1veﬁf.f~"“

. 4_.

‘(Nlckerson and Gump,.1949)

If the compound isa. quaternary sa]t a5 1n N N dlethyl N—_ ﬁ:-";‘”'

i"1(2 chloroethy]) carbazo]e (F1g 13), 1t 1s 1nact1ve as a block1nq aqentj;ffjﬁﬁQ

L . .

a,(Ullyot and Kerwan 1956)

¥

G
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_ . L al N R S
R- N-CHp-CHpCl' R- N OL o 4 N :
':LCH:’ o . - ! N*CHS: .
CHy = CH3
Figure.11. Mechanism for the loss of activity observed with B-haloalyl- . -
- - lamines possessing an aminoethyl group on the nitrogen atom

(Nickerson and Gump,” 1949; Ullyot. and Kerwin, 1956). .
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Except for a series of compounds in wh1ch a secondany amlne

_ prov1des an active an agon1st (N- methyl -1- bromoethylphenylam1ne)

'F1q§ 14), a tertiary amJno.group is in generalles~'
"sential (Nickerson, 1949). | |
“E. MECHANISM OF ACTION.OF n-HALOAbnyAMINES

" Initjal studies w1th d1benam1ne suqqested that by ana]ogy

w1th/react?6ns of n1troqen mustards the B~ haloa]ky]am1nes forma

covalent bond w1th the, receptor (N1ckerson and Goodman 1947 Nlckerson, il_ g

’1962) Th1s 15 probab]e 1n 11ght of‘the fact that th1osu1phate wash _“;».f

for per1ods of up to twelve hours results 1n no. reductton of blockade;f'
tGraham and Lew1s 1954) It was soon recoqn1zed however that

. B- haloaikylam1nes have two,staqes of antagon1sm, an 1n1t1a1 rever-,=f'

" 51bje phase fo]]owed by an 1rrever51b1e stage (N1ckerson and Harr1s

1949 N1ckerson and Gump, ]949 N1ckerson 1956) Thus 1t appearsvrﬁf:’:5

'that>the‘a ir

;d1n1um 1on b1nds to the receptor 1n a cqmpet1t1ve
beY and subsequent]y alkylates | n

TR e :

ithese drugs On a qross sca]é, 1t was noted that ~'T"

L4C‘ fenzamvne when 1n3ected ?nto mtce, tended to accumulate .
-in sof§ 5_'es such as 11ver and k1dneys and rema1ned there for up
“to twet j'_r'hours (N1kaW1tz et al 1952) The fact that B halo-'z'-urf'” .

fs are’ quwte non- Spec1f1c and b1nd to many S1tes on the ce]]

’efkeep1nq wwth the hypothe51s that these aqents alkylate prote1n

”J-T’Mottram (1970) was able to recover bound rad1oact1ve SY28 W1th papa1n

;;and conc]uded that thws agent b1nds to prote1n to cause the observed

dave been many stud1es d1rected at e]ucidatvng the s1tef7‘*n"~

.“;,;(vong and. Marks, 1967 May et a1 1967 Cook 1971) is in: fagf;f




‘rfsiblnd1ng s1te 1s a Tlp]d They found that a]] of the rad1oact1v1ty

'zassoc1ated wwth ]40 cou]d be extracted w1th orqan1c so]vents‘ Yong

21

antaqoninm nf response. As ‘tated ear]ier these agents irreversibly

band to enzymes and further studles have shown that they can. alkylate

‘components of protein.” Fruton and coworkers (1946) demonstrated

that mustard qases alkylate many amlno ac1ds in v1tro at var1ous

e]ectroph11:c s1tes-such as the “amino group of : lys1ne the 1m1dazo1e

' of h1st1d1ne the su]phlde qroup of meth1on1ne the - or vy carboxyl

group of asqart1c and glutamlc ac1d various su]phydryl qroups and’

__any free amiho. or-carboxy} qroups on the end of peptlde chawns : Phen—

CQ-

: oxybenzam1ne is . known to afkylate the su]phydry] group in d1mercaprol
. and cyste1ne, 1norgan1c phosphate and many am1no and carboxyl groups
of pept1des (Graham ]960) . Graham (1960) used cadm1um ch]or1de to

o chelate phesphate and found ‘that- th1s reduced the react1v1ty to ,--‘: B

f-haloa]ky]am1nes thereby further 1mp]1cat1nq thlS qroup as a posswble

b1nd1nq s1te -Be}leau:(1958» 1960) also presented ev1dence that these

F aqents bind to phosphate and- carboxylate groups

' On the basis of a study in wh1ch tryps1n was ut1]1zed to affect -

:rncovery from blockade by*SY28 Graham and A] Kat1b (1966) proposed
'that this agent “binds to a free carboxy1 qrdup at the adrenerg1c receptor
;Care must be taken however, in® 1nterpret1ng these results s1nce Moran o

fand coworkers (1967) were able to achfeve the same recovery with sub-

t1]151n phosphodlesterase, and tryps1n They conc}uded that S1nce

Q.

'the three w1de1y djiferent treatments cou]d e11c1t recovery, a non- 7. ,} i'

| 'spec1f1c effect re]ated to t1ssue damage was probable

D1kste1n and Su]man (1965) have proposed the V haloalky]am1ne ;igfﬂ;

S

. :T;and coworkers (1966 1367) were unabIe to reproduce the1r fhnd1ngs and dhi
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in-Light of the large body of :__-vidonce to the contrar\y;,-‘ 1t i u_n]ilely, |
- that the primnry site of action, fdr these druris" 15 hmd

Pecent]y it has been suqqes ted that ;-ha]oa]ky]amlnes antaqo—
‘nize the wide var1ety of aqontsts in smooth muscle bv b]ock1ng a site
common to all of them (Moran et al., 1970; Swanw and Trjggle, 1972).
Some evidence suqqests'that these‘antagonists a]sovbléck>potassipm
.contractions (Bévan et a] . 1963~ Shibata and Carrier, 1967' Shibata
. et 51;, 1968) but there is oppos ing eV1dgnce to this v1ew jCook 197])
Finally, 1t 1s known ‘that dlbenamlne b]ocks calctum 1nduced but not
potass1um—1nduced contract1ons at a,concentratton whach.b]ocksjthe
-norédrcnatineé¥esponse-(Som]yo’and Somlyo» t969) Thesefresults, and
others taken toqether led to the hypothe51s that »-haloalkv]am1nes
b1nd to at least two s1tes 1nt1mate1y aSsoc1ated w1th ‘the adrenerq1c
-'receptor one belno respons1b1e for. calc1um mob111zat10n 1nfcontract1oni"<‘
~(Moran et.al » 1970). Theorres concern1nq tﬁe mechanwsm oﬁ‘blockade
of chol1ner91c and. h1stam1nero1c receptors by these aqents more
approprlate1y be]onq n the seet1on on spare receptors and two s1te ﬂ
theoraes (v1de lﬂfﬁi) | | |
| Two p0351b1e mechan1sms have been proposed for the s]ow but :
V_measurable recovery from ;—ha]oa]Pylam1ne b]ockade Stud1es 1n wh1ch
tryps1n haSce11c1ted recovery 1end support to a theory of an enzym1c |

:.mechan1sm of_recovery (Graham and A] Kat1b ]966 Graham and Mottram

397]- Mdttram,;1974) Th1s is 3 poss1b111ty 1n v1vo where§zhrcu1at1nq ,

'va} enzymes ex1st but does ]1ttle to exp]aln recovery 1n 1so]a ed t1ssue L;f‘tdl

t

| ,‘preparatxons - An a]ternat1ve proposa] 1nvo]ves an 1ntramo1ecu1ar

'v}ass1sted ester hydro]ys1s at the receptor (Be1leau, 1958) K]melberq
' »n'and Tr1qq1e (1965) were able to correlate the nuc]eoph111c1ty of the
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/.

e easeof tyc11zatlon and further correlated

w

umino fUl“tiuﬁ“with

the rafe of onset w1th the durat1on of b]ockade Thelr study 1mpl1ed

_that the same chemica) factors could be contro]11nn both the rate of

onset and duration of b]ockade Jhere is abundant ev1dence for the '
GXlStenCC of 1ntramolecu1ar nucleophilic part1c1pat1on in the hyd~
roly31s of carboxyltc acid esters (F1q, 15) {Bender, 1960, Bru1ce,
t962;Caoon,:1964). | - R

This hypdthests 15 fUrther subported by the fact that first

Ay

order rate constants for recovery were observed wh1ch corre]ated

with the nuc]eoph1l1c1ty of the amtno qroup “ The advantaqe of th1s~

'modet is that no: ek ternal agent such as an enzyme is requ1red but

it: suffers from the fact that the comp]erfmust 1nvolve a carboxyl1c

“acid eSter or phosphate ester bond .‘fi{g'?i. :

~merits of th1s theory ‘ I ' - "V}- th

Theoret1ca1]y, another poss1ble mechan1sm of recovery would be R

/.‘

the synthes1s of new. druq recentors and des;ruct1on of b]ocked ones

Little data is avat]able at present however on’ wh1ch to con51der the

N

F. /\NTI-H'[ST/\MINIC PROVP_ERT‘IES:OF HALOALKYLAMINES

‘ ", ¥ o
Tt was soon recognized that many V-ha]oalky]am1nes possess‘

o '
n1f1tant ant1h1§tam1n1c propert1es (Achenbach and Loew 1947 Loew,'

T4

1947 Loew and.Mlcet1ch 1947; Nickerson et a] 1948) asjﬁb]] as

7adreno]ytic activity Althouqh it was noted that d1benam1ne was a rather*”””

poor ant1h1stam1ne, phenoxybenzam1ne was cons1derab]y more act1ve 1n“// S

o thus regard (NLckerson and Harrhs, 1949) These workers were able to

gprotect agalnst phenoxybenzamlne blockade w1th the ant1hws¢am1ne d1phen-

hydramtne (F1q 16) and thus concluded that the 1rreverstb1e agent
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lrm*« 5I,t~d'with hi;,t.nnino receptors, anhthyl—l—m('thyl ll—ha‘lo.ﬂ'kyl-—v '
‘.nnimwrh‘r‘iv'lti\'/'("‘ B of which ‘iY?(' i<. Utf‘ most. ()ft’(‘n. US(‘(i were (‘v«"n
more potent ant1h1stam1nes than phenoxybenzamtne and a structure '
activity study showed that factors favorlnq adreno]ytlc act1v1ty 1n
- this molecule favor ant1h1stam1n1c act1v1ty as well (Graham and Lewis, N
.1953).. There were however, vast dlfferences in the durat1on of ac

A

t1on the ant1h1stam1n1c act1v1ty ]asttnq far ]onqer than b]ockade of
adremaline. No genera]1zat1ons can be made ahout structure act1v1ty
relationsh1ps for ant1h1stam1n1c act1v1ty stnce a 1ater study showed
| . that the most potent p- ha]oa]kylam1nes forhadreno]yt1c act1v1ty were
not nece sar11y the most potent ant1h1stam1nes (Fraham ]960) |
cias31c s tudy on htstamtne blockade on ‘the Hl receptor was carrled
out us1nq the ‘agent SY28 by Ntckerson (]956)‘ A detalled ana]ys1s
- of these exper1ments fo]]ows in a 1ater sect1on but qenera]1y 1t was
found that d]phenhydram1ne produced complete protect1on and h1stam1ne :
-a part1a1 pro@ect1on aga1nst SY28 b]ockade The blockade could not
.be reversed w1th up to 8 fours -of wash and 1t was concluded that SY28
spec1f1ca1}y a]ky]ated Hy receptors 4 N v |

It is very probable that the a21r1d1n1um 1on-1s respons1b1e for B
'vthe b]ockade of response to- h1stam1ne as 1t 1s for the blockade of |
4adrenerq1c receptors There have been stud1es shoW1nq that thls antl~ V
‘h1stam1n1c act1v1ty can be corre]ated w1th 1eVels of’ az1r1dtn1um 1on |

(Graham 1957) wh1]e az1r1d1n1um 1ons 1solated as plcrylsquhonates

3re potent ant1h1stam1nes (Graham, 1960)
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f. TH[.QPAREJZ[CEPTOR HYPOTHESIS‘§

The concept‘that'on1y a'fraction\of the existidq reCeptors

need be activated ‘for the productton of max1mum response was proposed

- on theoretical grounds by Stephenson (1956) A large proport1on of

the receptors wou]d'thus-be _deemed. "spate and’ the rema1n1nq fract1on B

: i
,_//—/_""—— —— . .
requlred for maxlmum response, the cr1t1ca1 fract1on There have

been attacks,,on the theoret1ca1 ]eve] however on the C]ark Ar1ens-

Stephenson modeT of’ drug receptor 1nteract10n on’ wh1ch the’ “spare o

'receptor hypothes1s is based (Trtqg]e, 1965 Be]]eau, 1965) 'The*
c]ass1c experlment performed by N1ckerson (1956) 1n1t1a11y appeared

| to prov1de an’ expertmenta] bas1s for thls theory By man1pu1at1ng the
dose of the 1rrevers1ble agent SY28 N1ckerson was ab]e to attaln a.u

2 ]Og un1t sh]ft in the dose response curve. to hlstam1ne w1th

-retent1on of max1mum response Such a f1nd1nq is usually 1nd1cat1ve ”_‘t_ .

of compet1t1ve/rever51b]e antaqon1sm,'but as stated earller washinq

for up - to 8 hours fa11ed to reverse the blockade Hther concen-v dfn

‘.

trat1ons of b1ock1ng agent 1rreverstb]y depressed the maxwmum response,,

| Ntckerson reasoned that approx/mately 1 percent of the receptors ;;t‘w’f‘

2 .

: were requwred to be act1vated for max1mum response IrreverS1b1e antej”f;-7

aqontsm of the other 99 percent or spare receptors made hlqher

cdncentrattons of h1stam1ne necessary 1n order to achieve the ] per-o T

cent. receptor acttvatlon for maxtmum response These htgher con- ;j:°fl';ill

4|-4<

centrat1ons of aqon1st requ1red for equ1va1ent responses were re-».--f'“

K

i f]ected in the sh1ft of the dose response curve and unti] more than
99 percent of the receptors were b]ocked the maxtmum reSponse

cou]d always be ach1eved W1th qreater exposure to the irreverswb]e
‘ R S L 05":" R - . - L



;t%{j:é;:;;i;;zifTJ_iilp; hf{t"‘c. “‘}‘, | f;

“‘_i.d15t1nct compet1t1ve reverswb]e phase of act1on before a]ky]at1on and

"ﬂ:the p0551b111ty that th1s sh1ft 1n dose response curve 1s due to revef'
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antaqon1st ‘this - Iast cr1t1ca1 percentaqe of the receptors is: blocked

"and the maxzmum response is depressed S1nce the 1n1t1al observatlon, )

v there hnve beon w1despread reports of receptor reserves 1n other

: preparat1ons (Ar1ens et al ; 1960 Furchqott 1966 van Rossum et a]
;1966a Furchgott and Bursztyn 1967) but d1fferent expeL1menta1 pro—-‘:‘

. cedures have shown many of these reserves to be art1fact (Ar1éns 1964“"

'hLeW1s and M111er, 1966 May et a] 1967 Moran Trlggle and Tr1gg1e,

1969 Cook ]970) "The 1rrever51b1e paral]e] sh1ft 1n dose response

f curve found for var1ous chol1nerq1c preparat1ons (Ar1ens et a] ]960

van Rossum and Ar1ens, 1962 Burgen, 1965 Furchgott and Bursztyn 1967) r‘

and that found 1n gu1nea p1g 11eum for h1stam1ne (N]ckerson 1956) do
|

' not appear to- be an’ artlfact of exper1menta1 procedure and thus 1t 1s

jst]]] w1de1y belweved that a receptor reserve ex1sts 1n these preparat1dhs

\

Estvmates of the actua] percentaqe of spare receptors 1n these prepara-“

tions range From 99% to 99 9999% (N1ckerson 1956; Schlld 1962,‘eatqp.,ff

SR

and Ranq, ]966)

| There the been other hypothes1s put forward to eXp]aln th1s '

_ '1rrevers1b1e sh1ft of dose response curves produced by B haloalky]am1nes ;f,l

waud (1968b) has proposed that perhaps "spare cel]s" and not "spare

_receptors” are respons1b1e for the phenomenon but oppos1ng ev1dence ;“7"‘“
:ftGNQS to d1spute th1s theory fon htstam1ne Hl receptors (Cook 1971

’1ﬂ;kenak1n and Cnok 1975) As noted ear]wer, n haloalkylam1nes have a

;‘s1b1e bundlnq of az1r1d1n1um 1on has been prOposed on theoretical groundsff{’~

'ﬁ';(Trqule 1965) In the rat vas deferens 1t was found that the paralle] S

1‘_1sh1ft 1nduced by SY28, 1n the dose response curve to noradrena11ne, was,l;b579

R



.reversod by . thtosulphate ion (Moran Tr1oq1e and Tr1gq1e 1969) S1nce o,
thiosulphate cannot affect an alky]ated druq receptor comp]ex but can ’
react w1th az1r1d1n1um Ton _1t Was ev1dent that what appeared to be a
receptor reserve in th1se$1ssue preparat1on was rea]]y a compet1t1ve i;
._‘rever51b1e effect of the at1r1d1n1um jon. . - | |
Another approach to th1s prob]em has been the compar1son of

. rates of. recovery from blockade for full and oart1a] aqon1sts Part1a1
agontsts by def1n1t10n, must occupy the- tota] receptor populat1on to. .fi.
produce thelr maximum response (Stephenson; 1956 Trendelenburg, ]963
'Ar1ens, 1964)', If alarge proport1on of the receptors are "Spare" for o

| the. ful] agon1st then the rates of recovery to th1s fu]] aqonlst and

‘f a partta] aqon1st shou]d dlffer cons1derab]y May and Poworkers (1967),

found however, the ha]f t1mes for the reeovery of reSponse for fu]]

o and part1a] adrenerq1c aqonlsts 1n rabb1t aorta, to be about equa] |

“thereby mak1nq the ex1stence of a receptor reserve in th1s t1§sue
'Jhlqh]y un]1ke1y o | L

| Establ1sh1nq an a]ternat1ve to the Spare receptor hypothes1s

’-, in ch011nerq1c systems and the Hl receptor System 1n qu1nea p1g 11eum

\ ifhas proven to be more d1ff1cu]t The para11e1 sh1ft 1n both of these ?fg

\\\

4”fsystems 1s 1nsens1t1ve to thlosulphate wash and thus seems to be due

'*,to an a]kylated drug receptor complex Unllke the a-adrenerglc receptor

'rsystem, rates of recovery to fu]l and part1a1 agon1sts 1n the chol1nerglc

']Tsystem are not equa} (Moran and Tr1gg1e, ]970), a f1nd1ng wh1ch would

\ tend to support the spare receptonshypothes1s _
~. Certa1n resu]ts in the chol1herg1c receptor system 1n smooth
5 rmuscle cannot fu]ly be expla1ned by th1s theory Burqen and Spero (1968).fi

. found through stud1es w1th revers1b1e muscarlnlc antagonISts, that the ;f W




~ T T
~receptors resp_oln‘s{i'b]e for p(i.t.q\ssium‘.'e‘\ftlu.x-' out of ]‘(v)ng..'i:_tddinéll smooth
 muscle were of the'mdstarinicthpe" Dibenémine' whilenproducing a

.,:sh1ft in the dose response curve for contractlon to acetchho11ne,_'
caused an’ 1mmed1ate depress1on pf max1mum 1n the dose response curve.

A
' ;for potass1um efflux These fesults are not 1n any way amenab]e to

exp]anatlon by the spare receptor hypothes1s and at the very least | :1//

;fas Burgen p01nts out make est1mat1ons of receptor reserve w1th aqents //
3 ch -as d1benam1ne h1gh]y suspectt Burgen and Spero (1968) qo on to //
. propo e\that there ex1st two types of muscar1n1c receptor 1n th1s eye-a
parat1on\\\Another hypothes1s capab]e pﬁ prov1d1nq an exp]anat1oi/tor E

;anamalous resu1ts on cho]1nerg1c preparat1ons W1th B haloalky ;m1nes

fxs conceptual]y s1m11ar but 1nvo]yes/tw”b1nd1ng s1tes fo;'muscar1n1c

/

7agonlsts 1nstead of two d’/t1nct receptors Consrderatf n of th1s mode]
qnd;1ts ngm}flcat1ons more properly belonq to the f ”_ow1ng sect1on
e ’

ﬂﬁundred percent of the rece‘ 'r populat1on 1n order to produce max1ma] ]

--reSponSGS Thus, recovery of the max1mat response to partfal agon1sts?“ﬁji

':-7.j;f'dur1ng reversal of b]ockade from B ha]oa]kylamxnes (see sect10n E)

"l?ﬁ'shouid proceed at the same ratel The max1ma1 response to the part1a1

o

:"faq n1st must depend on the numbér of unblocked receptors wh1ch at any{fji:

: {pq1ven t1me w111 be equa] for all part1a1 agonlsts dur1ng the washoff
fj;of p haloalky]am1ne from the receptor pOpulat1on (or the generat1on of4

.......

" L
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: nvw‘ru(vptnr()' Il wa', lound, 'hovavr thut recovery of thv maximum

-~

) response to three part!al agon1sts d1ffered cons1derably .Moreovery

~the washout of rad1oact1ve fm a]oa]ky]amlne was clear]y b1pha51c and

o vreflected washoff of antaqon1st from two d1st1nct membrane s1tes 'The v

.ha1f—t1me (tl) for remova] of antagon1st from one 51te close]y corres—
fponded to, the t, for recovery to fu]] agon1sts wh11e the remova] of |
'~-blocker from the second 51te corre]ated w1th recovery of response to f.;__'
| "part1a]-agonlstsu Th1s ]ed Moran hnd Tr1gg]e (]970)‘to formu]ate a
”two s1te“ model for the muscar1n1c receptor,. As shown in F1q 17 ahjis

.common blnd1nq s1te exlsts for the quarternary head of a]] agon1sts

f't~w1th two other b1nd1nq s1tes adJacent to 1t One of these adJacent

js1tes b1nds acetylchol1ne 11ke compounds wh1]e the other b1nds the
alky]ammon1um 11ke compounds wh1ch are part1a] aqon1sts B1nd1nq of
'_the h ha]oalky1am1ne to the alky]ammon1um b1nd1nq£s1te produces an
;;al]oster}c perturbat1on of the acety]cho]1ne blndlng swte causvnq the
}Jparal]el sh1ft 1n dose response curve w1th no depress1on of maximum

fwPart1a1 agon1sts, wh1ch would normally and at thlS s1te, would produce ;;i

\.,

= }}jdepressed maximum responses Th1s wou]d be 1n accdrdance w1th the

'Z"f*wou1d 1nvo}ve the common an1on1c s1te andresults inh

»f1nd1nq that r—haloa]ky1am1nes produce on]y a depress1on of maximum

resppnse to part1a1 agon1sts (Arlens et al oy 1960) Further a]kylationf?{i

depression of

’ifj_max1mum response to acety]qhollne 11ke agon1sts Such a hypothe51s 1s 55;9

7;§very f]ex1b1e 1n that the chem1cal structure of the agonist and ant-u
"'f_aqonlst would determlne both the extent of the shwft of the dose res-
L ponse curve and the tl for recovery of response
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yofthe aqents'used'to‘study‘the antaqontsm Recent stud1es by Ross and
. ETrinq]e:(1974) prov1de further support for th1s a]]ostertc VIew of the
:muscar1n1c receptor Certaln aryldlazon1um sa]ts produce on]y 'a para]-
"]el Shlft in the dose response curve to carbachol w1th no accompanytnq
depre551on of max1mum1response Furthermore aqon1sts do not show
t.preferent1a] protectlon aqalnst blockade of max1mum response by agents ;d:r'
'_wh1ch depress the max1mum response as. would be expected 1f depress1on

- 'were caused bY alkylat1on of a very SmallJcr1t1cal fract1on of receptors§fﬂ:

'Protect1on agalnst sh1ft and depressron occurred/poncurrEnt1y and w1th ;_d

i equa] fac111ty

"':-} acety]chol1ne receptor El]enbroeck and coworkers (1965) and Arléns andi_i;n

T,il51mon1s (1967) concluded that atrop1ne b1nds to a srte separate and

There 1s much c1rcumstant1a1 ev1dence ava11ab1e to show that

' ’the cho]1nerg1c receptor exh1b1ts alloster1sm Katz and coworkers |
.?(1969) have provzded ev1dence that acetylcholanesterase 1s an al]oster1cﬁiﬁ7
DP0t81n as have the NMR studles of Kato and Yong (1971) A]though there;ah,
’1s cons1derab1e controversy over whether acetylchollnesterase 1s a ._1:_.
'Tprooer~nnde1 for the; acety]chol1ne receptor ‘1t is neverthe]ess @ pro-:;f::ﬂ
'ﬂtewn w1th spec1f1c b1nd1n§ipropert1es for acety]chol1ne In a study

fconcern1nq the stereoselect1v1ty df var1ous benzy11c esters on the

B

.3i‘rdd1st1nct from that for acetylcholtne and e11c1ts b]ockade of the receD— fffff

”c}“;tor throuqh an al]ostertc mechan1sm Th1s same conclus1on has beenf'i‘
B ‘.‘TrreaChEd by Other 1nvest1gators as, we11 (Goldste1n et al 1968 Geddes

‘ffet al 1974) As ment1oned earl1er two-51te tneorles are "°t ”95

J

N

r>f;-tr1cted to cho]1nergvc receptors but have a precedent 1n the adrenergvc*'f*‘l

7fr:receptor system (Moran Swamy and Tr1qg]e 1970 Janls and Trtggie
Z’? ]971 Swamy and Trwgg]e ]972 KaWsner, 1973) A
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A s1m11ar theory has been proposed'for the hlstam1ne Hi receptor

' after it was observed that recovery from b]ockade by the ant1h1stam1ne |

| *dlphenhydram1ne was not acce]erated by very h1gh doses of h1stam1ne |
}»fas wou]d be expected 1f the two aqents were 1nteract1nq at a c -'n ;
S site (Bera]do and Rocha e S1]va 1949 Rocha e S1lva 1969b) ’

. theory known as. the Charn1ere effect was proposed 1n wh1ch ant1hista~'
}‘mlnes are . bound to more than one 31te on the h1stam1ne receptor No'f'
fhal]oster1sm is 1mpl1ed however but rather a'“h1nge effect“ whereby

- one part of the antagon1st mo]ecu]e wou]d rema1n f1rm1y bound to the

'so ca]]ed "non spec1f1c"‘51te but 1oose]y bound to the hlstamlne b1nd1ng
S1te A]thouqh h1gh doses of agong%t»cou]d then d1sp1ace the part of v
’the antagon1st mo]ecu]e from the h1§tam1ne b1nd1nq sate the ant1h1st—¥d:.-"
’-'am1ne wou]d rema1n bound to’ the ‘non- spec1f1c" s1te (Rocha e Sv]va, .

_ 'v A recent hypothes1s by Lev1tzky (1974) comb1nes alioster1sm 1\{h353'
- and spare reﬁbptors to exp]avn membrane receptor phenomena The baswc

’prem1se is. that receptors ex1st 1n clusters and that b1nd1ng of drug

1-~'to one receptor act1vates not only that receptor but al] of those

: Ttassoc1ated w1th 1t 1n the c]uster°‘ There 1s negat1ve cooperat1v1ty._’3;ﬂpf

- 'fhowever and the b1nd1ng of drug to the other receptors 1n'the c]uster

l"x_:ls prec]uded by druq b1nd1nq/to one of the receptors Low concen—~11':.}:""

;“:ttrat1ons of drug can therefore activate all of the recfépf’vm"S by b‘"di"g vt‘t»
| v -

"7;5to a small percentaqa of the popuTat1on«1 e, one receptor per °1“5ter

"“fresponse can be ach1glbd by actlvatlon of a smaTl fract1onlobtthe

"~':2receptor populat1on : Th1s has never been shown exper1menta11y but was

\

“"‘The hypothe51s 1s based however on the assumption that max1mum tissue '”*1'

'ufactually the conc]us1on arr1ved at by N1ckerson (1956) to expla1n the




"'”'Fuhlsolated t1ssue preParation | Kuhnen Clausen (1974) noted t

3
31rrevers1b]e para]le] sh1ft 1n dose response curves to [ ha]oa]ky—-

1am1nes ‘ Thus, a]thouqh the concepts of a]losterlsm are conta1ned

in- the "negawlve co operat1v1ty" mode] thlS hypothe51s actua]ly

ho]ds‘nodah 'kgver.the.spare.receptor hypothe51s~and_suffersv g

{s been well deflned for many prote1ns and 'af

v
1 ,"

c‘geuxrand Jacob 1963) and~the app11cat1on to. \;i
{s.been d1scussed (Burqen and Spero, 1968 Nakatsu‘ s
e 2;d11968 Szent1vany1_ ‘al ; 1970 Moran and Trigg]e, ;'ff:f
ngoﬁjfl . :homas 19]J Kunos Yong, and N1ckerson 1973 Ka]sner

. 1t1ausen"1§74) It has 1ong been known that the funct1on

’ of‘actin;) ;es on drug receptors can theoret1ca11y be 1nf1uenced by ii{f?"
._droos:poot- i ne1qhborhopd or "side receptors“ (Kosh]and, 1960 3

B | : s 1Tson, 1967) The ab111ty of certa1n agon1sts to
bééomgffaiia"‘ effectors" (Monod Nvman and Chanqeux, 1965)

':Tdruohrecepto :_the essence of two s1te theor1es 11ke that produced

(1970)

It has been noted by otheri1nvest1gators

1963

Chanqeux and Jacob Monod, uyman andfh
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- "and Chanaeux, 1970). gThe‘difficuttw-COmes in:assessing where this:,
eooperativity lfes,‘whether‘at the'receetor‘tevel or further on in
the exc1tatlon cohtract1on mechan1sm The chanqe n Hl]] coeff1c10nt
observed with d1benam1ne therefore cannot be reqarded necessari]y as
a receptor effect ‘and prov1des ]1tt1e 1nformat1on about whether the
,h1stam1ne h?ageceptor has a]loster]c pr0pert1es |

Another method of descr1b1ng poss1b1e a]]oster1sm in receptors :
\ﬁiws byva two state model There aresubt]e d1fferences between the
" f?concept of a]]oster1sm in; th1s scheme and 1n the two s1te mode]s

7f3a]ready discussed.

I. TWO STATE THEORIES AS APPLLED TO DRUG RECEPTORS

| A S1mp1e model f1rst propOSed by Monod Hyman and Changeux
:.(1965) to descrlbe al]osterlc prote1ns apd app11ed by others to druq:f;.}ff
receptors .(Kamn, ]967 Edelstem 1972 Thron 1973 Ranq, 1973 e

”3L.F9]auhoun,> 1973) prov1des another de§cr1pt1on of how 3 haloa]kylamanes;;'

4‘,*cou1d funct1on as a]]oster1c effectors of drug receptors Th1s two-<7'"53"'

?».state mode] =z "Vei descrlbes an ex1st1ng equ1t\br1um between“two

: rforms of the receptor a form R-wh1th 1s 1nact1ve and a form R wh1ch

'fib1s termed active and resu]ts 1n contractlon (Ranq, 1973) Th1s equqa'fx?fﬁi,
..{11br1um is character1zed by a term'"L" ealled the "alloster1c constant"frﬁf;:

;5_(Monod et al 1965) and is def1ned by thibrat1o of the concentrat1ons'ihf?f7

‘;?ﬂ,‘of the R and R states ({R]/[R ] N1th no druq present the equ111b- ,i'ff“t

'f’aﬁcontract1on by preferent1a11y b1nd1nq to the actwve state receptor R

"*hiaeffectlvely remov1no R thus a]E§;1nq the equ1]1br1um and sh1ft1ng 1t

3,r1um normal]y 11es heav11y toward the R form4 H1stam1ne wou]d cause

."h toward the format1on of more R Response depends on [R ] whether




o

" be confused W1th the “1nduCed f1t" type of cooperat1v1ty as descr1bed

X . by Kosh]and and Neet (]9% )d Wh1]e the ]atter theory 1mp]1es the ﬁ%fﬁ"i

bfnd1nq (Ranq, ]973) :l”fii’“ e

3

combined with drug or not Part1a] aqonists are def1ned by th1s
hypothesls as aqents w:th d1fferent1a] aff1n1t1es for R and R* R st11]
favor1ng R* but not to thé extent that a fu]] aqon1st does Antago-

n1sts prevent aqon1sts from perturb]ng the equ1]1br1um between R and -

R by b%ndfnq equa]ly welﬁ to the R and R state thereby preventfdb

o

,act1vat1on by agonist. It 1s theoret1ca]1y poss1b1e, in th1s scheme |

for an antaqonfst to possbss ”neqat1ye efflcacy" by b1nd1nq preferen-x»

'._'t1a11y to the R state f

‘This’ model is ofden termed. "co operat1ve" but th1s shou]d not

.L\'

‘{l

>1actua1 fac1]1tat1on of druq blnd1nq to one 51te on the receptoreby. o

‘i

b1nd1nq of an alloster1cfeffector to another s1te, the two state

mode] is cooperat1ve by v1rtue of the fact that b1nd1nq of aqon1st '

to R* sh1fts the equ111b 1um toward the product1on of more: R ' Th1s~
qenerates more b1nd1nq s

ites for the agonwst and leads to further druq

1 B . N % L \ S
. o X L

By preferent1a1]y stab1]1z1ng the R form of the receptor, “ijh;o]-

. V-haloa]ky}aanjfrwoqu'1ncrease the a]Toster1c constant "L" and thus

;,;/f para]]el Shlft in- the dose response curve t@ fu]] agonlsts,,, -

'and a depress1on 1n max1mum for partlal aqon1sts In th1s regard

'*"'f—haloalkylam1nes cou]d be thouqht of as- a11ost%;1c effectors of thew; };7"*

’ul‘

fb’H] receptor Depress1on of the max1mum response resu]ts 1f the
blocklnq aqent b1nds to a s1te at or near the receptor to: chanqe the
| :b1nd1nq propertwes of h1stam1ne A theoret1ca] treatmenél;f how

"'ffchanqes 1n the al]oster1c constant and h1stam1ne blndfng propert1es‘~"

N . 1 o . S te - . ;
X aoon s ... e n 7“' '
: AL . G .
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J. RECEPTOR PROTECTION AND. 5= HALOALKYLAMI

revers1b1e blockade by p haloalky.am1nes (Nlckerson and Gump, 1949 jfhu» o

'demonstrated some |

E of the protectton is not known Takaqg and coworkers (1972) however, :

37

It shoutd b( noted that the two state mode} descrahed hére, -

P

predicts klnetwcs and equations. v1rtUally 1dent1cat{t9/those already
derived for drug receptor 1nteract1ons (Colquhoun 1973) and at

_.present, 1n§uff1c1ent data is ava11able to test th]S hypothes1s fu]ly

)

A It has been demonstrated that _on1sts and'COmpetitive ant- -
. - ‘ .

gontsts, acting on the u—adrenergl' receptor, protect - aoa1nst 1r-

llickers son etﬁal 1953 Graham 1962 Innes, 1962a, ]962b Naud " }iﬁ

1962) This data has been ken as ev1dence that - ha]oalkylamlneS‘

~interact at the Same 51te as do aqontsts in. the adrenerqlc receptor '

system (Belleau T9J8 'raham 1962 Trlggle 1964) ‘
W1th respect 0 the h1stam1ne receptor Furchgott (1954) N
otect1on aqalnst d1benam1ne blockade in rabb1t '

aorta w1th hlsta 1ne wh1le Nlckerson (1956) cou]d fu]]y protect

agalnst $Y28 h1ockade in quwnea p1g 11eum ‘with. d1phenhydram1ne and
partially. w1th h1stam1ne Iﬁﬁes (19623 ]962b) used high concent-

rat1ons of h1stam1ne to demonstrate protectlon aqarnst phenoxybenz—.

i'am1ne b]OCVadC in- Pleen whtle Kuhnen r1ausen (1974) observed some
' _protectlon w1th h1stam1ne 1n qu1nea qu 11eum The data prq;ented o :

'1n these stud1es, howeVer s daff1cu1t to ana]yze and the fu11 extent

] . . Gl'.

dtsplav fu11 dose response curves to h1stam1ne and demonstrate qood?tf‘:

CE

\'

.-protect1on aqalnst d1benam1ne b]ockade w1th h1qh doses of hlstamlne ’ jdff

in taen1a caecf' ;7,.‘ 7";Af_ a 1“"f5,,('v

o

' Numerous dlfftcu1t1es are encountered 1n the 1nteroretat1on of

A | .
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-receptor protect1on stud1es D1kste1n and Su]man (1965) noted that
-‘protect1on by adrenal1ne 1n the1r exper1ments was h1qh]y unpred1ctab1e
‘while Moran and coworkers (1967) found noradrena11ne to be protect1nq

1

-many non- spec1f1c sites as well as the i s receptor Many other 1n—--

_vest1qators have encountered th1s protect1on of non-spec1f1c s halo- '

alkyTamlne binding sites w1th the h1gh doses of aqents requ1red to
'.show protectlon (Naud 1962; Moran et al. , 1967 May et al.. 1967
" Terner, Cook and Marks, 1971) and have conc]uded that the u-receptor

T

populat1on 15 too sma11 w1th respect to the non- spec1f1c b1nd1ng
s1tes, to be’spec1f1ca11y protected (May et al 1967 Yonq and

| N1ckerson, 1973) A}though 1t may be arqued that abnorma}]y hlgh
concentrat1ons of rever51b]e protect1nq aqents are requ1red to com—

pete w1th 1rrevers1b]e antagon1sts, the prob]em of noh spec1f1c proi

,tect1on isa severe hand1cap to the 1nterpretat1on o,‘rx

these stud1es It wou]d be better 1f 1t were p0551b1e to demonstrate

‘receptor protect1on by concentrat1ons of agonlsts 1n the phys1oloq1ca1

"ranqe but 1ack of studtes 1n thlS reqard make 1t d1ff1cu1t to analyze ff:“

the concept that R= ha]oalky1am1nes 1nteract at the agon1st blndinq

swte It must be remembered further,vthat 1f protect1on 15 observed

 this would not necessar11y 1mply a common b1nd1nq S1te 1n the 11qht ﬁ -

of the a]]oster1c concept of prote1n act1vat1on Factors such as

_desens1t1zat1on must also be. cons1dered 1n v1ew of recent stud1es on

the metaph111c effect (see sect1on og Desens1t1zat10n) and other ‘f ‘*'“‘

'desens1ttzat10n alky]at1on phenomena (Rang and R]tter, 1969 M11edu |

and§Potter, 1972) s':ﬁif: -fal, [
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K. HISTAMINE DESENSITIZATION

Atein we]T known that prolonged eXposurebto_hiqh concentnatith'
nt,hixtnmine renders a tissuo tcmnonarity insnnsitive to 10w*conCon;
tratlonf of h1stam1ne for a period of time thereafter Th1s pheno—‘

menon 1s known as h1stam1ne desens1t1zat1on and currentTy, thete 1s

t'controversy over—whether~th1s is.a receotor effect or an effect on _

- the exc1tat1on contract1on mechan1sm Desens1t12at1on to some

hlstam1ne 11ke aqon1sts has been d1stovered to be swmply a tachy-
‘phylaxis due to the ab111tv of the. agent to dep]ete h1stam1ne Stores f»li

(Ha]pern, 1956) Ambrus and coworkers (1951) have estab11shed that

B desen51t1zat1on is not due to a bu11d up of. products from deqradat1on g47 L

by h1stam1nase act1ng as revers1ble antaqon1sts Some mechan1sms _;,’~_.
:prODOSed suqqest an 1ncrease 1n both the catabol1sm and excret1on of

. .h1stam1ne as the cause of desenSIthetlon (Ambrus et al 1972) but

’ W

the observat1on of the phenomenon in 1so]ated t1ssues makes thlS ~Q'f"“

- unl1ke1y There is, 1nstead qrow1ng ev1dence that desens1t1zat1on o

- to’ h1stam1ne occurs at the receptor 1eve1 A recent hypothes1s by

; Ambrus and coworkers proooses that a dua] receptor system of "act1nq“ i
Afand "stor1nq"'recentors s respons1b1e for the effect | | e
A ser1ous d1ff1cu]tv, in the study of th1s phenomenon 1n qu1nea‘t
Copigh 1onq1tudxna] smooth musc]e 1s the non spec1f1c aspect of the | |

.desen51t12at1on produced by h1stam1ne (Gossel1n et a] ]972) Nh11e fhﬁ“'

- -

: 'some 1nvest1gators can 1nduce desen51tizat10n to acetylcholine wlth

©no loss 1n Sens1t1v1ty to h1stam1ne (Paton 1967) the reverse pro-

cedure of desens1thatlon to h1stam1ne w1thout concomitant effects

jOn acety]cho]1ne cannot be ach1eved (Bown et a] 1973) The qeneral ; N



“contract1on by eTther 11berat1nq ca]ctum frdm a bound 51te or 1ncreas-

a..\.
- l‘ \l :

: “‘\“:: . :
opinijon, at th1s twme, AS that desens1tlzat1on to h1stam1ne 1s part]y

'non spec1f1c (Canton1 and Eastman 1961 Paton, ]961) and partly spec1-.

.f1c (Sch11d 1973a) It was observed by Sch1]d (]973b) that hrqh

concentrat1ons of calc1um protected agatnst h1stam1ne desen51ttzat1on -
“and thlS led to the hypothesas that the 1oss in hlstam1ne sens1t1v1ty -
o could be re]ated to exhaust1on of ca1c1um stores Th]S hypothes1s

‘ 7would be in accordance w1th that wh1ch states that receptors cause

contract1on by rats1ng the leve] of free 1ntracel]ular ca1c1um for

1nq the permeab1lity to extracellu]ar ca]cium (Durbln and Jenk1nson,

1961; Edman and Schtld 1962 Dan1e1 1965 Van Breeman and Lesser,,‘_.x,
197]) It was found however that desens1tlzat10n to histam1ne per-. f”j.v'

”slsted even after exposure to 1arge concentratwons of ca]ctum theo-> :

4

:netlcally capab]e of replen1sh1ng the exhausted caIC1um stores (Sch11d

1973b) ’.vff’fﬂr:fﬁ:f;-',[7°_fft*f““al;35*:’.?“ |

There 1s much better ev1dence that desens1t12at1on of the

i .
«chol1nerq1c response 1s a receptor phenomenon (Ranq and Rttter 1970a)

It has been observed that some rever51ble and 1rrevers1b1e antagonlsts ‘

cfbecome much better blocktng agents when app11ed durtng or short]y

‘ !?after exposure to carbacho] or succ1ny1cho11ne than when applted
‘d{beforehand (F]acke and Yeoh, 1968\ Rang and Rntter, 1969). This
"fphenomenon has s1nce been termed the "metaphillc effECt"'and prOVIdeS

~ nfqood exner1mentaT ev1dence that desen51trzation 1nvo]ves a temporany

'-ha1teratlon in receptor conformat1on (Rang and thter 1969) Because

iablllty to generate desens1t12at1on the two phenomenon are thought to

- ref]ect the same mod1f1cat10n (Ranq and Ritter 1970b) M1]ed1 and

R

n

ithe ab111ty of agon1sts to cause the metaph11ic effect para]]els thetr Vu%
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: Potter (197°) found that desens1t1zat1on to chollnergwc aqon1sts in

| skeleta] musc]e qreat]y redused 1rrevers1ble b1nd1ng Ofcx bungaro-

toxvn further 1mp1y1nq a receptor medlated mechan1sm Extens1ve

oo

R nstud1es w1th ca1c1um in 1ong1tud1na1 smooth muscie also Ted Chanq

'and Tr1qq1e (1973) to conc]ude that desen51t1zat1on to cho]1nerg1c
' ‘.agents was due to conformatlonal changes at the receptor Ievel
L. -GE.N'ERAL‘-,R_E'MA_RKS'_. S S \
. -.In prov1d1ng an 1ntroduct1on to the work dlScussed ln th1s dvh;h]dt
thes1s,_1t has been necessary to rev1ew a w1de range of stud1es of
the receptor ' It shou]d be stressed that the reason for the paral]el
jShlft 1n dose response curves obta1ned by 1rrevers1b1e agents is. stil} '-5}
i a matter for debate Much more 1mportant 1s the fact that 1f this S
ﬁwrrevers1b1e sh1ft 1s the resu]t of a]losterlc effects on the receptor,.¥;w
M*thls wou]d do much to reconc11e the present dlfferences, perhaps |
art1f1c1a] between enzyme k1net1cs and act1on and drug receptor
'k1net1cs and act1vat1on Irrevers1b1e agents possess unlque charac- e
.tPP]St]CS for the study of receptor mechan1sms and thus become useful

:tools_Jn th1s regard

At present,.1t 1s unreso]ved whether these 1rrevers1b]e agents

-

eb1nd d1rect]y to the receptor act1ve s1te or to a secondary s1te 1inked
u‘hto the rggeptor act1ve,slte 1n an oblxgatory manner If there are two 'Tf

"'b1nd1nq sltes for these antagontsts, 1t 1s unclear whether or not one i
e

’-1s the h1stam1ne b1nd1nq s1te More complex than a prob]em 1n semantlcs, ;

'hf1s the quest1on of whether or not we are deal1ng w1th two 51tes on the o
Vsame receptor macromo]ecule or two forms of the receptor 1n equ1]1br1um
vt

'TIt 15 also uncerta1n whether effects such as desenswt1zat10h or1g1nate



a2
prlmarliy from c0nf0rmat1ona1 chanqes in the receptor or from effects
"in the exc1tat1on contraction coup11ng mechan)sm The work d1scussed
~in the ensu1ng pages represents an attempt to answer some of these

. questions._ o
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L ME.TH_OD_S-" -

A;i ISOLATED TISSUE PREEﬁRATION

Adult male qu1nea p1gs welgh1ng 200 400 q were k111ed by a fb !

‘blow on the head, and the termwna] 1leum was exc1sed cleaned of

)

R . contents and 1mmed1ate]y p]aced in Tyrode so]ut1on (Tyrode, 1910) the~ L

N compos1t10n of wh1ch is shown in Appendax IT. The 11eum was cut 1nto

\

-.three cent1meter seqments and the 1ong1tud1na} musc]e ]ayer removed

-

3’,by carefu] swabbtnd w1th cotton (Rang, ]964) ' The long1tud1na] musc]e "o

str1ps were suSpended in Tyrode so1qt1on at 37°C qassed w1th 95%

':roxyqen --5% carbon dlox1de (pH‘7 2 = 7 4), under a rest)ng ten510n of '

300- 500 mg | Contract1ons were recorded 1sotonrca]1y us1nq a Hewlett— =7j

'J Packard 11near motlon transducer mode1 1000 7DCDT connected to a

: Grass model 5P po]ygraph (F1g 18)'

Each t1ssue was a1lowdd to equ111brate for one hour at 37°

V

zu.and the bath1ng medlum was changed every thlrty mtnutes dur1ng qh1s

| . perlod

}
N :" N -v. . . fer . .
.<‘ o : Yo o -
N D

A dose response curve to hlstamvne was then obta1ned Cumu~w

;'-flat1ve dose response curves were found to be 1dent1cal to dose response;{{ﬂ

’icurves obtawned wlth wash perlods between doses of histam1ne (see

A

-J»Chapter 3 - Sect1on A) prov1d1nq that the 1ncrements 1nwdosage were ;f“f_ijj

V

:‘Qadded in aarapld and reproduchie manner ' Some studles reported here

'<5‘ut111zed cumulatxve dose—response curves wh1le others did not, but the fffV"

5~controT curve for a]] t1ssues 1n a glven experwment

'}_f‘curve after blockade was’ always obta1ned by the samF method as the “;f:gﬁ;,e
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; F1gure 18 pematwc d7agram of apparatus used for stud1es of
the contraction of guinea pig ileum and: fongitudma] I
smooth musc]e strips from the gumea plg ﬂeum._ S




:“-.‘¢cally 1nact1ve complex subsequently called a "Bunte salt“ As many

77;',exper1ments de51gned to study th1s effeét util1zed t

.;-étfemaXTmum response produced by these agents was moSt lik21¥ a Pes“1¢.°f ;

'ﬂﬁ(f”;non covalent b1nd1nq of azxr1din1um 1on (see Chapter 3 - Section?s)

45

.Bl BLOCKADE BY B- HALOALKYLAMtNES '

The n haloalkylam1nes were d1ssolved in sal1ne and stored for
18- 30 m1nutes at room temperature before use as stﬂd1es have shown a
}7 max1mum concentratlon o( az1r1d1n1um 1on belng present l5-40 m1nutes :':’s
:(.after dlssolut1on (Graham lQ&] G1ll and Rang, 1966 H1rst and | o
'i‘cdackson, l972) Allquots of the solut1on of B haloalkylam1ne were -
'Q.then added to the t1ssue bath1ng med1um and removed by wash after a |
’jde51qnatedﬂper10d of tlme In exper1ments th]lZlng N N d1methyl2 bromo~A
rvphenylethylamlne (DMPEA) (Ft{ 19 ) a compound known td'have a some-.?}ff(*l”
twhat faster rate of cycllzatlon than most other 6 haloalkylam1nes (K1m-.(l
nlberq and- Tr1ggle l965) the solutlon was used 5 minutes after the_f‘7-2?i
".drug was d1ssolved ‘"“fl;ff;f{t .j”vf' & (fc:if;{ff5;f jlatf_f ;ff?};
. The th1osulphate 1on has long been known to produce a. complex';filii

- awwth the a21r1d1n1um 1on (see F1g 6)- The f1rst descriptlonlof thisiyﬂftpj

'reaCt‘O" was DTGVlded by Bunte (1374) and the resulting ﬁharmacolog1¢;?ff"(

f;;results 1nd1cate that the‘shlft tn dose-response curve caused by v'('f?ﬁ”-“

"i~r haloalkylamlnes 1s the result of a covalent antagonist-receptor,;ffﬁ'ﬁ~it'
l. ‘\‘ o '. .
ﬂ=complex and 51nce the presence of unbound azvr1d1nium ion tended to l’;g‘ ‘

o lobscure the sh1ft in the doserresponse curve (see Chapterv3

doSul:hate-1n the

'””;ﬁwash med1um.v It became apparent however, that the depression of the

':fasulphate was not present in- the wd%h

In exper1ments where the 1fferencef{
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-in the maqn1tude of depress1on of the max1mum response between uﬁa

tTSSUES Was requ1red th1osu1phate tended to aboT1sh thTS d1fference : 'X

by scavenqlnq az1r1d1n1um 1on, thereby remov1ng the b]ockade produced

by this species. - * T . co ':f' -’,

G, REVERSAL OF BLOCKADE WITH BSA/THIOSULPHATE
) Depression'of Maximum Response‘ﬂ }r}.ibn;" e &
SRR : e D T v R
' In some t1ssues 1n wh1ch the max1mum response was depressed by o
phenoxybenzam1ne wash1nq was cont1nued for up to 18 hours 1n an attempt
to detect'any reversa] of-b]ockade Concurrently, 0 5% Bov1ne Serum '
'Albumln (BSA) and 10-3M sod1um thtoquphate were added to the wash
_'med1ua for other t1ssues and wash carr1ed out as descr1bed above At:t7f1.4
© variqys t1mes, the max1mum response was tested for both t1ssues us1ng
'o_a supramax1ma1 dose of h1stam1ne (10“4M) In the case of the BSA-

l waShed t1ssues, the BSA was removed by wash WTth a constant stream of

.P."

o Tyrode solut1on for 60 seconds before the test1ng of response as the

‘prote1n is known to b1nd hlstam1ne w1th fac111ty (Durand _3 a] 1971)

< ,anCh pa1r of tlssues was tested for response no more than 4 t1mes ;5“‘“”"'

'17'_d;100 des1gnated as “percent bTocPade"" The data foifreobvery of'res-jﬁﬁ

;'1frf'react10n (K1me1berg and Tr1ggle

'throughout the w&sh per1od The procedure 1s shown schematical]y 1n

(‘ : .

"t‘gFlg ?0

The max1mum.he1qht of eontract1on obta1ned was ca]culated as :

-‘a percentaqe Of the tTSSUE max1mum reSponse~and the difference from jﬂ;

1965)
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Figure 19. N, N,-dimethyl-2-bromophenylethylamine (DMPEA)--
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' of wash The recovery for these g?ssues was then corrected s0 that
- ‘the Stralght line- defined by the 1oq (Blockade) aga1nst t1me re]atmon- -
’ sh1p .1ntensected the ord1nate at log (B]ockade) = ,(Blockade-equa]s
100% at’tdme;o). e N
) Para]]el Sh1ft of the Dose Response Furve

- S .
' In some exper:ments, lower concentrat1ons of phenoxybenzam1ne

pf o were employed to y1e1d a. para]]e] sh1ft 1n the dose response curve

S with no- depress1on of max1mum response ) The BSA/th1osu1phate treat- o

L s e

A‘ﬁ:iﬂ, S ment was 1dent1ca] to that usedL1n the study of depress1on of max1mum‘
in an. attempt to detect any reversa] of the para]lel sh1ft Thptv .
tlssues were pa1red as- before wwth d1fferences 1n para11e1 Shlft be1ng

noted 1n ]oglo unlts

f”v'? B REVERSAL OF BLOCKADE BY MERCAPTOPYRUVATE
ﬁ)fiéf;,’- W,' '. Mercaptopyruvate was ut1]12ed 1n attempts to detect p0551b1e
:_*”,£? "'»receptor effects of phenoxybenzam1ne or1q1nat1ng from an 1ntrace11u]ar 1ff
?35 o 'v»locus (Graham et al 1968 Graham et a] 1971 Mottram, 1974), as

a | 'shexogenously adm1n1strated th1osu1phate 1on 1s known to penetrate ce]]s
?%J}j | .f very poor]y (Cardozo and Ede]man, 1952) | - p_“ | t‘. o
V‘tftfff’n:i ’11'35 Mercaptopyruvate (]O'3M) an aqent capab]e of enter1ng cel]s» gﬁ;f?

B and react1nq w1th azlr1d1n1um 1on (Fasth and Sorbo 1973) was 1ncu--.~7 -

t-;ﬁbated w1th ]onq1tud1na1 smooth muscle for a per1od of 30 minutes afterj;fd;

-

i‘;fwhlch the port1on whlch had not been taken up by the® t1ssue was ‘re- t?;vté

‘H}sffhf;{h?moved by wash Th1s agent is. known to produce 1ntracel]u1ar th1o',i*ffafﬁiﬁ

ﬁ', .

.ffsulphate 1om 1h v1¢o (Fasth and Sorbo, 1973) and 1n rat 11ver homo-

-genate (Sorbo, 1957a) by part1c1pat1nq 1n an enzym1c transfer of the o

'wlif}mercaptopyrUVate su]Phur The mercaptOpyruvate 1s also known to reactﬂ*fif
S ‘ R ; | 'fa/’fféq;ﬂﬂQ:“v S




with azjridtniumvion to the_same‘extent"as.thiosulphate thus.jt-iski;
ot ihmediate]y obVious whether'intracellu]ar enzymica11y;produced‘€
Ath1osulphate or: 1ntrace11u1ar morcaptopyruvate itself is avaw]able
to react with 1ntrace]1u1ar. —ha]oa]ky]am1ne The t1¥\oes treated
with mercaptopyruvate as well as a “control t1ssues were washed for S
A] hour and then exposed to phenoxybenzam1ne (10‘5M), and the reversal -
. of the depress1on of max1mum response caused by the £~ ha}oa]kylam1ne,
, ;was observed over a 3 hour wash per1od as in- the BSA/th1osu1phate :
b;stud1es descr1bed 1n Methods.-.Seotton»Cﬂ The procedure is out11ned
.schemat1ca11y in F1g 2. = L |
. In order to detect any 1ntrace11u1ar1y generated th1osulphate,
':.tISSUGS expo$ed to mercaptopyruvate for th1rtv m1nutes were homogen-- ”
1zed w1th & Po]ytron ® Kwnematlda GMBH) 2d seconds, f11tered and ~“~'
?Athe f11trate assayed for th1osu1phate w1th the co]ortmetr1c method |
descr1bed by Sorbo (1957b) f5 ml of the f11trate, 0 5 m] 0 1 N ;t'._fé?:
potassaum cyan1de and 0 3 ml. 0 t N cupr1c chlor1de were added and
~;f the m1xture st1rred ofia’ vortex m1xer Then 0 5 m] of ferr1c n1trate
B reagent (100 9, Fe(NO ) 9H?O and 200 m 65% nitr1c ac1d plus d15t1l]ed
;{*fwater to ]000 m]) was added and the so]ut1on st1rred again A blank

:, was prepared 1n the same nmnner from f11trate of homoqen1zed tlssue ”f3?\’5
] et

"'ndt treated w1th mercaptooyruvate and the absorpx1on at 460 nm- deter—*.e-7

‘fmlned in Toem cuvettes on a H1tach1 Perk1n E1mer 139 UV Vis spectro-l-fsff]i'

% ‘Ar.

”photometer

f}fE ASSAY of AZIRIDINIUM ION

,‘,_"-\

The nmst common]y used method for determ1n1nq P haloa]ky]am1ne aﬂ‘;l’ ;

| "_cycllzatnon rates is. to back t1trate thlosulphate 1on, not consumed by

\. .




nguné 21.

.

- Figure 22.

»

' Section D). -

i (see text - Chapter II'- Section.E). = ..

50

" EXPERIMENTAL C

CoNTROL
4 DOSE RESPONSE
T oomve

4 TEST RESPONSE ¥S TINE

3
H

1
, ]
10N N
oM |

"
X

e s e i e | Emscsmcen e -se - -

| conTmoL

~ coNTROC.

DOSE: RESPONSE
CocumvE.

R
2

. TEST RESPONSE ¥S TIME

g .,
b e = - - ---.----_—_-_-ML.-A.- P

e i s o v | mm s v e w e s cws|ae - - o —

[

%

diagram of procedUré.foé EXbé}fménts-btilizing,

Schematic | : ents
ruvate pretréatment (see text - Chapter I -

mercaptopy

Jo

. A —:YefloWSﬁfpitnyiamjneu B - RédidﬁﬁiﬁryiauﬁbézdhiOn

’in'methy]éné»@h]dridiky/ ‘ ‘iﬁ*anEon;buffef§(ﬁh_;‘TT}f

RN e

- R T R LT T
. C -(D{plcry}amlne_PnJon?#;phenoxybenzam1ne:';

P a;inidiniUm,iOn1%iﬂion~pain”~(r6d) L
Forimation: of ion pair between aziridinium fon for phenox
bepzamine',and dipicrytamine anion :in methylene chloride .. -
L Srefs

o

e

= T



5] -

| aziridinium'jon, withviodine,m ?hfs is unsujtab]e.for theidetermination ;
oﬁ the\cyc1izatien-rate of phenoxybehzamine asftheilow.solupijity of
this drug does not permit adequate eOnCehtratiQns to:bevattaihedwjor
this procedure: Schijl and Danielsson (1959) fouhd.that hexanitro-
diphenylamine (diDﬁcrylamfne) formed an ion pair With.aUaternary
ammonlum compounds .and that many of these. complexes could be extr-
acted 1nto organic so]vent The complexes have h1qh mo]ar ext1nct1on
4coeff1c1ents thus sma]l amounts of}quaternary-ammon1um qompophgs '
could be‘determihed speetrdphotometrﬁcally. The method‘has been suc-
1ces;squy“extended by Fasth and-Sorbd (1973); to the determ1nat1on of‘
az1r1d1n1um ion concentrat1ons for var1ous n1trogen mustards and 1s~
based on the pr1nc1p1e that the p051t1ve1y charged az1r1d1n1um 1on
forms the don pair w1th the d1p1cry1am1ne an1on The 10n pa1r 1s then,
extracted -into methvlene ch]orlde and the absorbance determ1ned at |
420 nm (see Fig. 22). | : _
| . A so]ut10n of phenoxybenzam1ne (10- 5M) was . prepared in phos—
phate buffer (100 m]) gt pH 7.4 (Append1x II) and, 1ncubated at 37°C.
',Al1quots of 10 ml were remdved at- varlous t1mes O 1. N NaOH (2»m1)
added fo]]owed by 5 'ml 1ce co]d d1p1crylam1ne reaqent (10 mg d1p1-'
-cry]am1ne in - lOO ml methylene chlor1de) and the m1xture was stlrred
on a vortex m1xer Three m] of the organlc phase were removed placed:,:
inal cm LUV€tte and the absorbance determlned on a.H1tach1 Perk1n—
‘leer 139 UV- V1s spectrophotometer A b]aqk,cons1st1ng of buffer‘qn1yd.i“d

. was used for compar1son e ko

L ‘e
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F. ESTIMATION OF RECEPTOR RESERVE

Waud (]968).ha$ described a method by'whichlthe.apparentf
"fraction Of'receptOfS jrreversib]y}b]ocked can'be.qalcu]ated’frém :

" a plot compar%nq reciprocals of équiactive doses of‘a96nist bgfore' .
andvafter b]ockadéL ‘This procéduro relétes the maqnifude.of'thé
'parallel sh1ft 1nduced to the percentaqe of recé%tors 1nact1vated
“Thus the larqest 'shift obta1nab]e with retentlon of max1mum response
reflects ‘the b]ockade of the h1qhest percentaqe of.receptors not
requ1red for the produut1on of the max1mum rgspons&? i.e., the__
“"receptor réserve" The equatlon descr1b1nq the "do‘!le rec1pr0ca]
p]ot“ used to ca]cu]ate th1s percentage s, derlved from C]ark S ;
(1933) or1q1na1 equation descr1b1ng o;cupatyon of receptors by drygs.

"q proportwon of receptors 1rrever31b1y b]ocked

~ Therefore responseﬂafter b}qckade is proportiona] to (1 - q) After
blockade: |

iyl = -_l£_;_ (f - Q)
A +Ka B

'When equ1act1ve doses are cpmpared and assumlng equa} response means ‘_;&;7

[AE S

oqual receptor occunatlon by auon1st -

- 'A}.ﬂ‘i‘ "A (1-(1) R

1t

" A is a dbsé equihctivc_to’A.e -f



. Thus a,plot of A aqa1nst %. yle]ds a stra1qht ]1ne w1th s]ope equal

] } When deal1ng wnth preparat1ons in wh1ch the max1mum sh1ft

before depress1on of max1mum response has beep 1nduced the receptor

to

reserve equals (s]ope - ])/slope

' C. PRETREATMENT WITH N N, DIMETHYL 2 BROMOPHENYLETHYLAMINE (DMPEA) _f

\ I

For some tissues, a contro] dose résponse curve to h15tam1ne'; o

53

was obta1ned DMPEA (10- 5M) added to the. bathing medium for a perlodj-'

of 5 m1nutes, and a. second dose response curve determ1ned after remova]

of, the DMPEA by wash Phenoxybenzam1ne (10 5M) was then added fqr 5

oL

“minutes, the t1ssue washed for ]to 2 hours, and a th1rd dose reSponse ,'

curve obta1ned Concurrently, t1ssues not prétreated w1th DMPEA were -

rub]ected to phenovaenzamlne b]oackade 1n0the same manner.as des—.'
“cribed above The procedure is shown schematlca]]y ln F1q 23

The means of the max1ma from the t1ssues pretreated and not

pretreated With DMPEA were compared and analyzed by Student S t test ;'ﬂ""

0. DE%ENSITIZATION e '

-0

Pa1red t1ssues were. employed to determ1ne the effect of desen-'i,iv*ﬁa'

o

sithat1on on the deqree of b]ockade produced by phenoxybenzam1ne

Control t1ssues were exposed to phenoxybenzam1ne (2 x 10~ 6M) as des-;,

crlbed preVlously whl]e experwmental tlSSues were deSen51t1zed to



<

’

v “’the Tonq1tud1na1 smooth muscle of the 1Teum It was found that the /14_;“ i

a0

©at- Teast T hour. (It was found from stud1es onseoﬁtrol t1ssqe3, that

54

histamine before treatment with aTkyTatind agent, ‘Desensftiiation
_was’induced by addition of 10-4M hfstamine,’to the bathing medium,f
for varYing ]engths'of,time; Thevaoonfst was then'remoredﬂby5wash'd‘
and the. dose ratio.(vide infra)'determfned-by fnduciancontraCtions

with doses, of h1stam1ne in the ED40 to EDGO ranqe Upon compTet1on L

_ of the dose- rat1o determ1nat1on the t1ssue was lmmedlately subJected

to phenoxybenzam1ne treatment Both t1ssues were washed under 1den-

,Htlcal cond1t1ons. th1osquhate 1on being present when the paraTTeT

sh1ft of the dose response curve was be1nq 1nvestiqated and absent

} when the expenjment deaTt w1th depress1on of the max1mum response

The response -to h1stam1ne was then determ1ned after a wash per1od of

: aTT effects of desen51t1zat1on had d1sappeared after th1s t1me )

| Th1s methodoToqy d1ffers somewhat from that of Ranq and R1tter
(1970b) who aTso studled the effects of desens1t1zat1on on 1rrevers1bTe
bTockade but in choTinerg1c preparattons They aTTowed recovery after
their measurement of desens1t1zat1on, 1nduced the effect aqa1n and
treated the t1ssue w1th alkylat1ng agent after &a1t1nq a per1od of

t1me equa] to that wh1ch had eTapsed before the measurement of the

o extent of desens1t1zat1on Thus they did not have to aL;er the 1nduced

0

desensxt1zat1on by sub3ect1ng the t1ssue to the doses of hlstam1ne used

to measure. the dpse rat1o It must be assumed however, that the same

‘ amount of desens1t1zat1on w1]1 be 1nduced the second t1me as was Jn-‘»' SRR

duced the f1rst an. assumption wh1ch appears to be vaT1d for the cho-

T1nerq1c receptors of the ch1ck b1venter cerv1cus musc]e but not for

| ‘f second exposure to h1gh doses of h15tam1ne produced a desens1tizat10n



- lof unpredlctab]e maqn1tude ' As‘theiaCtual quantitation of the exteht
of desens1t1zatlon is. not of 1mportance in 1tse1f and as the method
:of Ranq and Ritter (]9709) wasrshownvtopbe.1mpract1cab]e in 11eum;
Y-.the btockinp agent nas added-after the.measurement.of the"dose-ratto_
Was'tarried:out, As discussed in Chapter I, the Tack of'specificity'
of the-desensitization-makes quantitation of this.effect diffiouit;
vThe‘response to acetylcholine.has tested inhsome tfsSUes that were .

.prev1ous]y desens1t1zed to h1stam1ne in an attempt to measure the ex-'

‘ ,tent of the non- spec1f1c desens1t1zat1on

H1gh1y desens1t1zed t1ssues do not respond to doses of h1s-<
tam1ne prev1ously capab]e of produc1nq a max1mum nesponse thus. 1t 1s

| poss1b]e that such a concentrat1on of h1stam1ne cou]d be present but-

-, undetected, in the organ bath d“r‘ng the eXposure to a]kylat1ng agent{.f'Tf -

“’Thus this, res1dua1 h1stam1ne (from the dose of h1stam1ne used tO° cause’
desen51t1zat1on) theoret1ca11y cou]d protect receptors and cause an i'f_~"'
| 'effect on a]kylatlon wh1ch cou]d erroneous]y be attr1buted to the de-i
. sens1t1zat1on- To guard aga1nst th1s, some t1ssues were exposed to
,phehoxybenzam1ne in’ the presence of the h1ghest concentrat1on of h1s-gti.'
taaine which wou]d be undetectab]e at max1mum desens1t1zat10n and d
the effects on blockade noted The procedures are shown schemat1ca11y
in F1g 24 . o | " | p _‘
o The d1fference 1n e1ther the sh1ft (1n log un1ts) or- depress1on

I

‘bet een the desens1t1zed and non desensxt1zed t1ssues was then deter-

;7;m'ned and the S1qn1f1cance tested wwth a pa1red t test.f The measured

.;x'51t1zat]°" Wh‘Ch was def1ned by a term p | The der1vat1on of th1s N

TLJQUant1ty was flrst descr1bed by Paton (1961) .?r4;i-:.:;t.;.

/ :.5:7: = 5., ) 7, 'Lﬁr+l :a 4 a"-i.';‘j,f'-» e

f"h]fferences in: b]ockade were a]so corre]ated w1th the extent of desen-,ff;;} e
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.l Sw :
pos the proportfon of receptors wh1ch cannot be actlvated by agon1st
: - 2 ,
. to produce response i. €., proportwon desens1ttzed

R o o E R o
‘(1 -p) = the proportion of receptors_availab]e-for combination with
~ agonist to produce response.’ SRR L L

" DR = dose ratio = the rat1o that the’dose of agonlst must be 1ncreased

by in order to ach1eve a response, 1n the presence of the desens1t1-: ['* -

zat1on, equal to some standard response before desen51tﬁzat1on

.ugR.étTf;?Ffa7ti;;;: (Paton 1961)

“,;I;e'RECEPTOR-PROTECdeN;['
'i)' Protection Againstnhlockade ‘
In receptor protect1on experlments the protect1ng agent was

, added to the bath1nq med1um for vary1ng lengths of t1me, depend1ng

on the agent before and dur1ng exposure to phenoxybenzam1ne -fln,f;sﬁ

StUd‘es on’ the protectton by fU?l or part1a1 agon1sts, the 1rrevers1ble;g;’;7;"\

b]ock1ng agent was added to the medxum 20 seconds after the agon1st

had reached a plateau 1n the contractvon trac1ng 1nd1¢at1ng a constant ;t*fyejf;
1» (general]y max1ma1) response Although stud1es by other workers often L

S ut111zed longer Per1ods of 1ncukat1on of agonlst wwth the t1ssue be-.~ 5'~5i

fore the add1tlon of antagon1st it was fe]t that in our stud1es th1s

wou]d have 1ntroduced the var1ab1e of desenswt1zation already noted

' ' to have effects on alkylatwn by phenoxybenzamme Protection m th / }':

"_' the revers1b1e antagontst d1phenhydram1ne requ1red an exposure of at

-‘\.

¢
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teast 5 m1nutps before add1t1on of phenoxybenzam1ne as stud1es haveg'ﬂ
- 1nd1cated that the atta1nment of. an equ111br1um between th1s agent
and the receptor popu]at1on requlres th1s time perlod (Cook and
) Krueger, I975) ~In view of exper1ments 1nd1cat1ng the poss1b1e
cont1nuatlon of the aIkyIat1on process after the removaI of antago—a
_.n1st (see Chapter III - Sectwon Q) thé protectxng agent was re-
) 1ntroduced 1nto the bath1ng med1um for a per1od of 30 m1nutes after""
’1ncubat1on w1th phenoxybenzam1ne (desplte the r1sk of" desen51ttzat1on1;§?5>f
"and consequent alterat1on of bIockade)”and compar1son made‘to t1ssues‘;;i1(¢f~
,'dwh1ch were not re: exposed to the protect1ng agent It was found thate .
the longer: per1ods of 1ncubat1on w1th protectlng:agent had l1tt1e ziifinfl}ril
I,effect on the blockade prodUCed by the aIkyIatlng agent o
In stud1es concern1ng the depress1on of the max1mum response,f['f-
"7} the t1ssues ‘were exposed to phenoxybenzam1ne (2 x IO GM) for 3 m1nutes
.“and washgd for 2 hours w1th Tyrode squtvon conta1n1ng no thaosuI- S ‘
:’Phate ion. ' In experlments dea11ng w1th the sh1ft 1nduced 1n the dose fﬁfhvd
reSponse curve the t1ssue was exposed to phenoxybenzam1ne (IO 6M) gfie}[f;

) Af};for 3 m1nutes and washed for 2 hours w1th Tyrode solutlon pontain1ng

’.._.

\"

:'ﬂth1osulohate aon (]0 3m) , ffl.rﬁzdgﬁj“;fu]<§“;f7“

Pa1red twssues (selected at random) were'uSed to study dlf- .,Qt;:f_;.

N

'5f;ujferences between antaqon1sm of contro] and prOtECted preparat1on5

T 5f:0ne t1ssue was protected both exposed to phenoxybenzam1ne and both

giwashed for the same per1od oﬁrt1me before a second d e responSe curve
'dbf_was determ1ned ‘ The sequence 15 shown SChepatlcaIIy 1n F1g 25 After
ﬂ";xthe wash period the extent of depress1on of max1mum or Shlft 1n dose
- Jggresponse curve was determ1ned and the d1fferences between controI/and

protected tlssue analyzed by a palred t—qest .f'}jicfn;-,g jg”;:Q
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Schemat1c dlagram of procedure for receptor protection |
o exper1ments (see teit - Chapter 1r - Sect1on I (1))

WM diethyl+2-gthylaninopyridine (Et,pyretanine) .



'it).'tnéreasc in.BIockade Durinq Qash ".p :\_,

It had been noted that, in some ttssues treated w1th phenoxy— .
‘benzam1ne and washed w1th Tyrode wh1ch d1d not conta1n sod1um th1o—
'*sulphate the magnwtude of the bﬂockade 1ncreased over the wash per1od.-
It thus seemed p0551b1e that 51gn1f1cant amounts of uncycltzed phen-t
oxybenzam1ne or: phenoxybenzamlne az1r1d1n1um 1on ‘was b1nd1ng to non- f'
':Spec1f1c s1tes on the ce]] membrane dur1ng the 1n1t1a1 exposure off;a~7,'
: the antagon1st and funct1on1ng as a pool of s ha]oa1ky1amane fromrhi
'wh1ch further b1nd1ng to receptors cou]d be ach1eved’; Phenoxyben-':

fzam1ne was therefqre d1sso]ved 1n 0 1 N HC] fto retard cyclizatlon and ;5.fp‘;f

vr7prov1de more uncyc]tzed antqgon1st) added to the bath1n9 med1um

':',(5 X }O 6M) for 5 m1nutes, and removed by wash A dose response curvei?1'£ ;:
l;to h1stam1ne was then determ1ned after 30 m1nutes of wash w1th Tyrode ‘?hfﬂ :
‘kwh1ch d1d not eonta1n sod1um th1osu1phate and aqa1n after a wash |
"fper1od of 2 hOUrs The d1fferences in the maqn1tude of b]ockade were rit?3'f1d
’1‘then anaTyzed by a pa1red t test ‘ flr;;.ff}er]f)hgﬁgfff'ff"s'fft;;pflfi';‘

i 111) pA? Measurement for~the Part1a1 Agontst Etzpyretamine .

Sch11d (1947) out11ned a method for determ1n1ng whether two

"fi"drugs att at the same receptor The procedure yields a term pA de-,;ﬁ;}gn?yf

SR f1ned as the neqat1ve 1oq10 of the concentrat1on of antagon1st at

. ‘-anh1ch the rat1o of equwactlve doses of aqon1st, 1n the presence and

;vabsence of antaqon1st, 15 £ “ 1 Thus, two agonists prov1d1ng 1denticalT?v'.

¥

| ’A'fgpAy, pAq and pAl0 ya]ues for any q1ven revers1b1e antaqonlst wou]d be:f}:?f;ff

L 'def1ned as act1nq on the same receptor The agent Etzpvretam1ne ffd;ntw-u.-=f=

1’n:ff(N N- d1ethy] 2 ethylam1nopyr1d1ne F1q 26) has been described as a :f”

ffipartlal aqon1st fOr the H, eiiptor (Walter et ai 1941 Hunt and

. .
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‘;Fosb1nder, 1942) but, as no pr data was read11v avallabe the pA?
for d]phenhydramlne was!determ1nod for th1s aqent and for hlstam1ne
" An EDSO dose for both aqon1sts was determ1ned and then an -
. _arbxtary concentratlon of d1phenhydram1ne was a]]owed to. equ1l1brate
with the tlssue for at. least b m1nutes Twwce the EDSO dose (1 e»,'
= 2) was then ut111zed to e11c1t contractlon and the preparat1on :
washed free\ot all druos If thce the EDSO dose of aqon1st caused
- a contract1on of sma]ler maqnwtude than the EDSO concentrat1on before
_the presence of rever51b1e antagon1st then the procedure was re- f; ;
:, peated w1th a sma]ler concentrat1dn of d1phenhydram1ne If tw1ce the -
_EDSO concentrat1on of h1stam1ne produced a 1arqer contractlon than -
L the. EDSO did beforehand the procedure was repeated w1th a 1arqer
'dose of revers1b1e antagon1st j, ”Q‘V1a:ifr’;~;fffa;;;f,:d :

o e
: A Plot was. then constructed of the percent of or1q1na1 fbso'\.;“

.f.CO"tFaCt10ﬂ PrOdUC@d by tW1ce the dose of hwstamlne 1n the presenceflf SR

5of antaqon1st as the ordanate and the correspond1no concentrat1ons féo;f[d;f:f'

of d1phenhydram1ne as the absc155a The value on the absc1ssa cor-d_ f;": o
.drespond1ng te 100% of 1n1t1a1 EDSO contract1on on the ordinate (as e

"-determ1ned by a stra1ght 11ne¢301n1ng the 2 points), represents thefthfdf-;”t
'1~f4yy,‘AQanistEAnfaaan{;ffchenfcai tnteréttténsti &

hl'f7;‘ It is we11 known that r-haloalky]am1nes are ab]e to. a]kylate

o ;5.;*e1ectroph111t chem1ca1 qroups and thus the possib1l1ty of react1ons

Zt'occurr1nq between the protect1nq aqents and the blbckwng agent must be

'fcons1dered Fruton and COWOrkerS (1946) have shown that n1trogen mus«hnw,.l"“’

B : tards can form the pyr1d1n1um 1on and 1m1dazolwn1um 10n with pyridwne L

el




and 1m1daone respectlvely (see F1g 27) thus there—7s the'possibiTjty ;

of reactions between phenoxybenzam1ne and eithe) Etép/retamine Or S
‘h1stam1ne Such a ehemécal antagon1sm would reduce the amount of
b]ockfng agent and give the mlslead1nq 1Npress1on that receptor pro-

: tect1on was. taklnq p]ace ' Because of thlS poss1b1]1ty, ‘the . am0unt |
-of a21r1d1n1um ion. formed after 3 m1nutes under phys1oloq1ca] cond1-

- twons (pH 7. 4, at 37 C) was assayed 1n the presence and absence of

.'Athe various protect1nq aqents The extent of the 1nteract1on bet--.

ween pyr1d1ne, 1m1dazole and az1r1d1n1um 1on was not obV1ous from the

study by Fruton and coworkers (1946) as the reactwons were carr1ed '

r

out Under extreme cond1t1ons of pH and for t1me—spans of 12 hours

Thus, 1n contro] experiments, phenoxybenzamtne (5 X TO'éh was added

s

a“to ZJ mT of buffer (Appendix II) andafter a 3 mlnute t1me per1od

‘a 10 mT a]1quot‘removed and assayed for d1p1cry1am1ne an1on In odher-r~~}‘f”

“experIments, var1ous concentrat1ons of Etzpyrotamlne or h1stam1ne

:f.were present 1n the buffer" A s]zqhtly mod1f1ed Vers1on of the d1p1- ﬂ;fi; -

cry]amlne assay descrlbed 1n Methods - Sect1on E was then used to de- {ff;j .

term]ne the amount of rema1n1nq free orqan1c base‘(e1ther Etzoyre-
E

tamlne or hlstamlne) in the aqueous buffer Kertes and Kertes (1956) f7”<¢“

-.:v

uo? 10 ml) of

?fi‘.and dkher orqanwc bases w1th d1p1cry1am1ne The a

T“-ffcw buffer conta1n1nq phenovaenzam1ne and orqan1c base\ere brought to pr~5“;'[“7’

”

f:and Kertes (1956) descrwbed a. method fgr the determ1nat1on of pyrwdwned;ifbiif%

TT w1th NaOH 60 1 N 2 ml) and extracted w1th methylene chloride (5 ml);af“lih

‘ﬁ"n=At the hx!h pH aTT of the free orqan1c base entened the organ1c Phase,fhfﬁ Sl

_ajTeavhng any charqed complexes between the base and phenoxybenzam1ne

\

'5(1 e. 5 Pyr1dtn1um 1on) 1n the aqueous phase 2 mT Of the methylene

o 7chlor1de phase were then qpmblned wlth 1 m] of the d1p1cry1am1ne gfjf;fhf;fi«e
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Format1on -of comp1exes between phenoxybenzam1ne and agon1sts"

'_a'.

Pyr1d1n1m1hm ion formed from the az1r1d1n1um 1on of

.phenoxybenzamwne and’ Etopyretam1np

+ Imidazolinium (or histamininium) “ion formed from the o

az1r1d1n1um 1on of phenoxybenzam1ne and h1$tam1ne



‘Sd

, readent.(Chapter I - Section F) in a T cm euvette | ~The o;qanic base
*becores a proton acrnptor for the. d1p1cry]am1ne hydroqen and the red
d1p1crylam1ne anion 1s thereby qenerated A study by Sch1lL and

. Danielsson (1959) showed that this anion absonbs at 420.nm. Dif- -
ferences between the amount of free Et?pyretam1ne in buffer con- |
ta1n1nq phenoxybenzam1ne and—buffer alone 1ndfcate the amount- of Et,
pyretam1ne react1ng with: phendxybenzam1ne By relat1nq th1s fract1on

_ tb the reiatlve concentrat1ons of Etypyretamine and phenoxybenzam1ne,

a measure of - the amount of phenoxybenzamine form1nq the pyr1d1n1um

1on w1th Et;pyretam1ne under these cond1tbns, can be determ1ned ,.‘ e

The uncyc]1zed phenoxybenzamlne is not a stronq enouqh base to cause
) : ‘ D_:
»1nterference in this assay. 7"'; S Q&&'

As h1stam1ne was a rather poor’ proton acceptor for d1p1cry-
f_]amrne leadlnq to 10w absorbance values, the amount of a21r1d1n1um ,

ion react1ng w1th Etgpyretam1ne was dftenn1ned in the presencewand

st

) _ absence of his am1ne If hwstam1ne a!re s1qn1f1cant1y dep]etlnq the .
then after 3 m1nutes, there wou]d be Jess of th1s

'az1r1d1n1um 1on

'.;'spec1es to react w1th Etgpyretamine The follow1nq pracedure wasf [ L

J.therefore emp]oyed , Phenoxybenzam1i§ (10'5M) was added ‘to buffer
L‘(25~m1) at’ pH 7 and 37°C in the{zjssence and absence of h1stam1ne d;
'1(10'4 );: After 3 mlnutes, Etppyr am1né%§]0 M was added to both

‘:7.‘tsamp]es and to a th1rd samp]e of buffer 3 Minutes 1ater; a]l 3 weren

assayed foree Etppyretamme as, descmbed React1on between h!s--" -

o

_tam1ne and Dhenoxybenzamfne wou]d be ref]ected by a qreater concen-a-“5*7':

PRt

;5~trat1ep of free Etppyretam1ne in the samp]e contalnlnq phenoxybenzammneﬁf_3 e

| and m Stamine



-1ng the aqon1st concentrat1on protect1ng the receptors aga1nst ‘

The reaction between phenoxybenzamine and various concen-

trations of thiosulphate was'determinedg_ In these experiments,

.- phenoxybenzamine mas incubated in buffer as before in-the presence

and absence of thtosu]phate ion. After 3. minutes,'the samp]eslwere
¥ , - *

assayed for azwr1d1n1um 1on as’ 1n Chaoter II - §°Pt1on E.

Est1mat1ons of the pharmacoloq1ca1 effect of. this chem1ca1

H]

antagonism. can be derived by. carrying out the experiments t0cdeter-'

“m1ne blockade in the presence of a c0ncentrat1on of th1osu1phate ion

65

fOUnd to chem1ca11y dep]ete the 3~ ha]oaTky]am1ne azir1d1nium jon 'Af7~1;.

g‘.
9,

‘concentrat1on to the same : degree as the protect1ng agent Pa1red

t1ssues»were used, ‘1 exposed to b]ock1ng agent and 1-to antagon1st 1n

the'presence of th1osu1phate_and the d1fference_1n b]ockade recorded.

W) Effect of Histaminase Blockade in Prptectton Exp‘er.i'ments .‘

QL If the enzyme htstam1na5e were hydro]yz1nq and thereby deplet- H

a

',

n—ha]oa]kylam1ne blockade, the protectlnq effect of th1s agon1st wou1d ;

then be underest1mated Such a prob]em coqu theoretqcally occur

when compar1nq the protect1on prov1ded by the ‘agents Etzpyretamine

and h1stam1ne 88 the latter can ‘be hydro]yzed by htstam1nase while '

the former connot (Arun]akshana Monqar and SChl]d. 1954)

3;_ The ab111ty of h1stam1ne to” protect receptors, in some exper1¥

~ments, - was. therefore stud1ed 1n the presence of the h1stam1nase 1n-~-

h1b1tor, hydroxy]am1ne (Zeller 1942) The protect1on exper1ments

_ descrwbed in Sect1on Je(i i) were carrled out in the presence of 10 5M

‘

- hydroxy]am1ne and the resu1t1ng protect1on compared to the studies |
with no h1stam1nase 1nh1b1t1on by Student s t test The p0551b111ty of

’_-protect1nn by hydroxy]am1ne 1tse1f was tested W1th the appropr1ate contro1

( -v .

"Qs



11 RESULTS
A.'TDOSE~h[SPONSE CURVLS 10 HJSTAMINE
P . ) . 7(3 )
There is no’significant difference-between dose-response
curves obta1ned Wlth washing between exposures to aqon1st and those

: obta1ned by sequent1a1 add1tron of cumulat1ve concentrations of

;agon1st-(F1g. 28). In all experwments the dose-response curye

s

after blockade, was determined in the same manner as the contrott'

B. SPECIF[&TY ’O:F BLOCKADE BY B-HALOALKYL’AMINES

As antaqon1sts of the g- haloa]kylam1ne type are. knOWn to be

, —
fairly non Spec1f1c (Furchqott 19541, the. select1v1ty of the b1ock-

™

© bR

ade was tested in this preparation by observ1nq the1r effects on the L

. ' 1
~response to a number of aqon1§ts B ;

At the concentrat1ons and exposure t1mes employed 1n these
- exper1ments the b]ockade produced by the )-haloa1ky]am1nes appeared

to be relative]y se]ect1ve for the h1stam1ne response F1gure 29

shows the antaqon1sm of the response to hlstaqlzf by SY14 (2 x 10 7M

3 m1n) wh1le F1q 30 shows the sma]l c%?k0m1tan b]ockade of response .

to acetylcho]1ne The responses to potass1um ch]ortde th 31)

t

“:bar1um ch]ortde, (F1q 32) and prostag]and1n F,a‘(Fgg 33) were not _." o

f5510n1f1cantly a]tered by th1s treatment w1th SY]4 When htgher con— T_fnf1

ihccentratlons of antaqon1st were used, such that the response to h1st—

{

‘1am1ne was a]l but abol1shed the blockade of the acetylcho]1ne res-

ponse became more apparent Th1s is shown 1n F1q..34 and 35 for phen-;-j-"

"foxybenzam1ne an antaqontst known to block the acety]chol1ne response

--when used in hlgh concentrat1ons (Furchqott 1954 Cook 1971) -Ihe'~ B

para]le] sh1ft in the dose response curve to acetylcholtne produced by jf?f

el '\"’_ L
L N

SRR



Figure 28. I
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Dosn response curve for h1stam1ne Mo]ar concentration

£7

as daf scissa, percent maximum response as ordinate. N =,4;;_;fj-s

‘Bars: represent standard errors. .
 0———0 wash between doses of agon1s; S :
' _A-f-A sequent1a1 add1t1on of cumulat1ve concentrat1on of:”;"

agon1st



Figure.29. |
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e—e ) .control dose response cu»lrve *for hmsta’\e

“Figure 30..
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'Effect‘of SYiﬁ on”rosponse“to acetylcholine. Dose-_‘
_response curve: for: acety]cho]wne. Malar. concentration « -
as: abscissa, -percent maximum- rcsponse as ord1nate.ﬁ.N;é

. Bars represcnt stanuard errors ) , -,.:Z'.:.E_, C

e—e . control. dose- responsc curve for acety]cho11ne f;:f’ o

'-‘_le—-x; response to acetylcho]1ne after SY14 (2 X 10'7M

for 3 mvn)

. AR
) LN et

Effect of SY14 on response to h1stam1ne DoSé'response"
‘curve for histamine. Molar- concentration as abscissa, :

;x-e-x response to hlstam1ne after SY14 (2 x 10- 7M_for ;:~

£
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Figure 31.

Fiqur ~:é.'
; Figure 22

100,
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3
&

{KClj M

»

Effect of SY14 on response to potasswum ch]or1de.

concentration as abscissa, percént maximum response
. as. ord1nate, N'=~4J Bars represent standard errors.

| x—f—x 7 reSponsn to potass1un chlorwde after SY14

Lffect of SY14 on response to bar1um chlor1de.
response: curve for. bar1um chloride. Molar concentratlon

(2 X Ta- /M fon»3 mln)»

'ioo

[8002] M |

Dose-response curve for potassium chloride. :Molar L

Tose

*1as abscissa, percent :maximum response as. ord1nate.~
lars represent standard errors.,, L

(2 x }O"H for 3 min)

N = 4

“ftfi-**i Contro1 dose response curve for bar1un ch]oridefJ
R-ffXQ—fx”- response to-bariup chlor1de after SY14

*_if—fo contro] dose response curve for pota551um ch]or1de

u

ik




Figure 33.
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Effect of SY14 on response ‘to prostaghand1n an.j~
Dose -response curve for prostagland)n an-, S e
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response to PGF2q after SY14 (2 X 19 7M for o r1n)

100

: L
et J
R R .
g C e {
: ’%50 .
- B
i3
O "
,' iy |
e o
et

lO '
[HMmmﬂ

u1ockade of h1stam1ne response by phenoxybenzam}ne .
12 %17 for 3 m}n) - Molar: cdncentrat1ons anGUQClgsa,
percentage of ‘maximum’ response as ord1nate.‘54‘ BRI

ontro] dose response curve o :
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Figurej35 Effect of phenoxybenzamwne (2 X 10‘5M for 3 mln) on. res-“
-~ - " _pohse. ‘to acetylcho]1ne. Molar concentrations as abscwssa,
- ‘percentage of maximum-response as ordﬂnate. N =4, Bars ’
S ‘represent standard errors. v:{-;-- : _

”‘j~;o—~—o Contro] dose response curve

?f’u.j;‘ .'fA~—-A Dose re1onse curve after phenoxybenzam1ne ERE
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Tl ponse-¥to. potassium: ‘chloride;.. Molqr concentrations ‘as e &
~abscissa, percentage of-‘maximum response ‘as- ordvnate.«3 L
.eN;: 4. Bars represent standard errors. e

Loat T

‘“3go;ﬁeo;AControl dose response curve

‘“-f&:%+A iDose~response cu?ye after phenoxybenzamine




7
phenovaenzawlne shown in F1q 35 d\fferes somewhat from the type of
) blockade observed by Cook ( 1971) in ‘which 1mmed1ate depre551on of the._d N
J‘max1mum response was observed  This dlfference 1s~most 11kely due tov.~;,'
';‘ij.the fact. that un11ke the ear11er report th1osu1phate ion was used
’ 1n the exper1ments reported in th1s thes1s Th]S 1on removes-the :'.
L a21r1d1n1um ion of phenoxybenzam1ne (see Chapter II - Sect1on C) and
- thus re11eves a rever51b1e component of the blockade due to th1s -

Spec1es The mechan1sm by wh1ch th1s occurs s descrtbed in’ deta11 ffi[
| | ‘ | e
ina later sect1on ST

The seTect1v1ty at the druq receptor 1eve1 1s st111 ev1dent "
_as the responses to potaSS1um chlor1de (F1q 36) and bartum chloride ~n;pip-,
_(F]g»>37) were not s1gn1f1cant1y d1fferent from contro1s aftar ad-~

..

,};m1n1strat1on of phenoxybenzam1ne Ll
. VC-; DOSE DEPENDENCY OF BLOCKADE BY PHENOXYBENZAMINE
~3/'3' In the absence of thlpsulphate 1on, small concentrataons of ,tijVj:j
_ phenoxybenzamme caused depress1on of the maximum response to h1st- ~tfyy;__
o am1ne The max1mum paha]le] sh1ft w1th retent1on of maxtmum response;?‘ S
f{ thqt cou]d be ach1eved under these cond1t10n was 0 G& 0 07 1og e
uf; UN1tS (F1q 38) Th1s resu?t is s1m11ar to that obtalned prev1ously‘%fft,5i?j
- (COOk ]97]) and squests that the max1mum para1le1 sh]ft W1thout e
' depress1on of maxtmum response under these cond1ttons TS 1ndepen- 3;f15;$jp;n
o dent of whether the measurements are. carr1ed out tsotontcally, as in 1ﬁu;;i:t§
| th1s present study, or 1sometr1ca11y as done prey1ouslv N1th th1o--d€f?;; ;;

| - tsulphate (10 3M) 1n the wash medaum, 1ncraases 1n the dose of phen-fff"

.”7 oxybenzamtne cause an 1ncrease 1n the sh1ft of the dos”

esponse curve7‘f?’¥;t

to h1stam1ne as can be seen 1n th. 39 The max1mum‘sh1ft:observed




'KFigure 37.

: {Figyre 38.
S present during wash. Molar opncentrat1ons as- absc1ssa,, e
. percentage of max1mum response as ord1nate.. Bars representf?;;lﬁ"

‘standard errors ;?Q” L SRR RN A _ RS S

1!fo-—7o control response to h1stam1ne”v”' U i
h=——pT after phenoxybenzam1ne /7 x 10'7M for S m1n) washed o

D
T

. ¥

"tf;;:Qr4469:after Phenoxybe?zamine (10 5M for 3 min)a %ashed'f“r;}

' Effect of phenoxybenzamlne (2 X’ ]0 3M for 3 min) on. response
-to barium chloride; “Molar concentrations abscissa -per= . ,
 centage of maximum- response as ordlnate. . Bars re-vtfn‘r;
"_present standard errors, - ﬁ-~v“‘-, - N
o———o contro] dose‘response curve: = : ;;;if;j s
: A——-A dose response curve. after phenoxybenzamine T

?Dose response curves for h1stam1ne Th1osu1phate fon not
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e L
| before denressaon of the maxtmum resnonse was ] 97 3 ﬂ? 1oq units -
| (5 x 10 6M for 3 m1n) “This resu]t is the mean of va]ues from 2
"‘separate samp1es of thsue b]ocked w?th phenovaenzamtne that d1d
' not produce s1gn1f1qant1y d1fferent max1mum shwfts of theﬁdose resnonse :'
curves quher concentrataons of . phenoxybenzam1ne or 1onqer ex-ti_

. posure t1mes oroduced a depress1on of ‘the- max1mum response : The_
'Jﬁhslopes of the sh1fted curves are not s1qn1f1nant]y7dnfferent at the'

EDJO except for the max1ma11y shtfted dose response curve (5 X ]0 6M

‘7for 3 m1n) The s]ope of th1s curve is s1an1f1qant1y areater than e

'53 control at the EDBO “the: sIopes are shown Jn Table 1 Fiaure 40

- !_j‘aF1g 42 ) however, are s?qn1f1qant1v qreater than contr018 K The

"'s1dered w1th cautlon s1nce the dose resoonse curves from which they
,.“giavtwere der1ved conta1ned fewer p01nts than 15 necessarv for accurate es—juv
f~%«f_t1mates of the slopes by probwt transfonnattons Thq?e exper ments

'ftffwere carrted out to obta1n an accurate measure of7uﬁ?EDSO ané

'f‘shows the plot of the orohtt ]1nes for the f1rst ﬁour dose response ‘;
'ffcurves shown 1n F1q 3q The s]opes of these urObit lines are-not
't;s1gn1f1qant1y d1fferent (Student s t- test ) 1nd1cat1nq tbe para]]e]

-7,

oxybenzam1ne-(5-x-10 M

fvnature of the sh1ft‘ Th problts for the curves sh1fted by phen—-- ks
&ermF*m 47)(‘Sx]0 M 3m1n---'

l
V

-'slopes of these probit 11nes are shown 1n Table ? hut must be con- fi"fif

b h1mum response and on]y a few po1nts were requ1red for this puruose

BLOCKADE OF HISTAMINE RFSPONSEVBY SY14
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% -Response
[8,] .
o

".;quure 35b6

AN
I
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!»
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”\f¥h1stam1ne
mum reSponse as’ ord1nate

fcontrol dose response curve for

-~ pooled. controls) e
'-response after phenoxybenzamlne

W

S .*—‘—-l

[Hmﬁmmﬂ M o

Sh1ft of the dose response curVe to h1§tam1né as. a rnsu]t
‘of blockade by phenoxybenzam1ne dose- -response- curve.to

Molar concentration as abscissa, percent max1-‘. :
Bars: represent standard errors T

response after phenoxybenzam1ne

SAN=T7) :

'response after phenoxybenzam1ne

(N 5)

”'reSponse afLer phenoxybenzamine

CANET)

" response - after phen0xybenzam1ne

A(N=14) :

%?esponge after phenoxybenzam1ne
N=25) o ; A R

[

h1stam1ne N = 42 i
(2 X 10'8M for 3 m1n);ifiﬁ
(5 x 10 8M for 3 min)'ia-
{2 x 10" 7M for Imin)
(5 X 10’7M for 3 m1n)?ifﬁ57
(5 X, 10‘5M for 3 m1n);if}ﬂ

(IO‘SM for 3 m1n)
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Probit

\ | o
; [Histomine] M
Prob1ts for dose response’ curves to h1stam1ne after
treatment with. .phenoxybenzamine.
- as abscissa;, -probit of percent max1mum as ord1nate
~ - Dars. represent standard errors. SR .

- Fiqure 40

prob1t for control dose- response curves
probit for dose-response curve to histamine
_phenoxybenzamine (2:x 10-M for 3 min) (N-=
probit for doSe-response curve -to hlstam1ne
“phenoxybenzanine (5 x 10-31*for 3.min) (N =

probit [or dose-response curverto nistamine
phen0vaenzam1ne (2‘x_10“7H for. 3 min) {N =

. 0--—.
: O»-.--O )
BRI P

L a—o’

F S .’-.1

IO-

—-—‘;-4:.7...1'1. >~ e ) A 3
B T :f [Haslamme] M poe a

'27' g -

[ o

-ﬂf‘F?jure;4]:"Prob1€ for dose response. curves to nvstamlne after

“treatment with: phenoxyhenzamlné

e;:iBars represent standard errors. SR ':‘lb
fglf’o--o ‘probit for ¢ontrol dosefreSponSe curve
om0 probit fq;

S phenOxyl ehzaine (5 X 13-7r1 for 3 mm) (f.

77

Molar concentration

after

after
7). .
Q- tu
2)

_ “Molar. concentration e e
“as’ abscissa, protit of percent max1mum as ordinate._;;:h";ﬁ:~-

dose-response, curve -to h?stamvne'after“715f' "
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*Fiqure 42. Probit for dose-response curves to histamine after treat-
ment with phenoxvbgnzamine. Mblar concentrations as ab-
scissa, probit of percent maximum as ordinate. Bars
represent standard errors.

- ¢—9 probit for control dose-response curves
X——x probit for dose-response curve to histamine after
phenoxybenzamihe (5 x 10-6M for 3 min) (N = 14)

N\

>
;

100

o Resporse
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)
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Fraurc 43, Maximum SY14-induced ‘shift of the dose- response curve.
Dose-response curves for histamine. Molar concentrations
as abscissa, percentage of maxtmum response as ordinate.
Bars represent standard errors.

¢—o¢ control respopse tp nistamine
S~ after 2 x 107/M SY14 (exposure time of 3 min).
S Wasned witn Tvrade <dlution containing sodium
thiosulphate for 3 hours. (N = 8).
0-~——o0 after 5 x 10°71* 5Y14 (exposure tire of 3 min).
Washed as atove, (N = 4). t.
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maximum Shitt of (he doose responae curve, induce by other o -halo-

adbviamines | oand to corpar o i ta the data for phenoxyhenzaline

/ N

R ‘ ¢ M
eatment ot 30 tadinat -omonth mucc e teaps from quinea

K

prg ot leum with syla (2 ¢ 10 Mt e ) produced a shift oo f

- ) : : . .
1.29 « 0% lgg unit~, 1n the doceyoaponse curves to histamine.
- —~—~—
The maanitude of the ;jlﬂ~indu(p4 mift of the dose-response curve

wan sianifiqant 1y different (p n.0%) from that produced by phen-
N : ) )

oxvbenzamine (a4 cample of M oty ges hlocked by phenoxybhenzamine
wan combared tg g campte ot B ticoues blocked by SY14 bv a .
\ o
. : . L . “Tu .
tudent's t-tect ). At hidgher (On(ontraflogij)SY]ﬂ (S,x 107", 3 min)
produced a dOp.p sion ot the maximum response to histamine (Fia. 43);

the time courae of the recovery and therefore the reversibility of
: . (
this deprescion was not determined.

~

Aqueoys hydrotysis of the aziridinium ion of g-haloalkvla-

-~
-

mines yields the ;nrroxpondinn alcohol. The alcohol of SYfﬂ was a
witah dH?SQOHIHf of the foxponﬂv to higtaminnf(fio‘ 44). The antago-
nism by this Aqnnt Vs readily removed h? wash and anppa;% to be of
the competityye rvar,lblv'ty[f‘\\ihw ause high (oncpntrat10n§ nf -SY14
alcohol 5 ﬁpquirgd for blockade of the histamine resnonses, relative

th the conretneation of SY14 iteelf. and hecause antaaonism by the

)

alcohol i< rnqdi]v’rvvprﬂpd by wash. unlike SY14, it is unltkely

that this hvdro1vsis nrodud plavs a sianifiaant role in the irf;Ver—

sible hlo<kddn nf the histamine response hy SY14. |

(. BLOCKADE OF THL HISTAMINE RESPANSF BY N-FTHYL-M-(2- CHLOROFTHYL)
BEN7YLAMINF (FCR)

» As shown in Fiq. 45,\FCB-(? X IO_SM, 3 min) produced.a shift

of. the dose-reqponee curve to histamine of 1.53 + .03 loa units
\1) . -

2N
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43, [ffect of SY14 alcohol on resppnse to histamine.

Hose-response curve for histamine. Molar concen-

tration as ahscissa, percent maximum response as
ordinate.” N =-1. - .o

o—e control dose-response curve

x—x  dose-response curve in tpe,presence of
alcoimipn® Y17 (4 x 1079M)
\.,

100,
o 50
g
0
Pnstamane | M
“bo tote resnonse curves for histamine. elar concentratione

as ateacicsa, perceniage of maxinun reqprnae as or:

tars represent stancard errors.

o—9 contro]-response to histamine

pa—pn after 2 x 17791 ECP (exposure time of 3 min).
asnea for 3 pours with Tyrode solution containing

‘1 %M thicsuiphate. (N = 10). .

0—o0 after 4 x 1'"°M ECP (expnsure time of 5 rin).

Washe! as alove. (N=11).. -

R1
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. . . . ‘
bigher concentrations ot tny gaent or Jonager exposure times did

!

notoncrease thic nrtt it ant deoressing the max imun response

| -
(g, A5 thus the ey pALUJTyF <hift with retention of the
RFDRITII to‘hlﬁtaminr Caused by‘(la iﬂ';iqn}fICagt]y differenp
Do nR) fraw that producced by ~;thwf.phéﬁhx9behzd¢ine (a.separate
- : B

ot ) . ’ ' . ’ .
phergashenzamine cantrol from that for SYI4)-or SY14 (see Table 3).
T ! i v ’

P RECEPTIDR R[SﬁRVEﬂ CALCULATED FOR PHENOXYULNZAMINE, S¥Y1a, ANDFCR.

The double reciprocal- calculation described in Methods -
o | - | ‘ S P
section Boutilizing.the magnitude of the maximum parallel shift in

the dose response curve with retention of the maximum response was

<&
-

apparent v« eptor reserve fgr his-

-

used to provide values for the
tamine in our preparation. A the receptor reserve is a unique

property of the preparation, measurements of this quantity, with

ditferent drreversible agents, should yield equivalent results.
' o ‘ . ™=
The double reciprocal plot showr in Fiq: 4¢ and the subsequept cal-

culaticns (Table 3), however, indicate that the receptor reserve as

measured by PB i< significantly smaller than that measured by either

\

phenoxybenzamitie (p . .05) or SYI4 (p . 05).

[t io theorctically posible to calculate a value for "q7,

the fraction of receptors irreversibly inactivated (see Chapter II -
_ y R : .

Section F) f@nﬁhthe magnitude 0f the shift induced in the dose response

curve, .Thiéfca]culatinn, however, would require the assumption that
thggéhift in the doée responsé’gurve was bana]]e], an assumption
Lhic% ﬁannot'he ﬁade in Tight of the résults repofted in Sectién"C
of this chapter. EQufaCtivé'dégés before and after biockadeiwere

therefore compared for each set of dose response curves and-an estimate
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Reciprooal of equacive doses for blocked curve 1 0

(=]
[ Y-

' 14
Reciprocal of comrol doses [H:si] 110

Figure 46. [ouble reciprocal plots for calculation of "q" - the
fract1nn of receptors irreversibly blocked by various’
:-haléalkylamines. Reciprocal doses for control curve as
as abscissa, reciprocal of equiactive doses for b]ockeo
-curve as ordinate. :

o—o EPC (2-x 10°W for 3 min, N = 8)
0o—o0 SY14 (2 x 10-'M for 3 min, N = 8)

;—=2 phenoxybenZamine (5 x'TO~6M for 3 min, N'= 8)
~ sample POB-E (see Table I11)
x =-x phenoxybenzamine (5 x 10-6M for 3 min, ! I

sample POB-S (see Table II1)

100

% Response
(8]
(]

o . O

[ Histamine] M -

Fiqure 47. Effect of thiosulphate jon on puenqubenzam1ne induced
T “depression of maximum response to hiistamine. Tose response
curve for histamine. Molar concentrat1on as abscissa, per-
cent maximum response as ordlnate N = 5. Bars represent

standard errors.

e—e control dose—response curve

0—o0 dose-response curve ofter phenoxybenzamine (5 x 10-CM
-~ for 3 min and 3 hour wash with normal Tyrode solution

A—4f  Sam b1ssue after 1 hour wash with Tyrode solution
T oco ta1n1ng 1" mM thiosulphate
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o . . .
aof the receptor reserve of each tissud obboned mothiy manner.

G REVERSAL OF GLOCEARD @5 Pt sonYBERIAMING WITH THIOSULPHRTL TON

O It was wmportant to determine whether any part of the blockade
produced by these-alkylating . aqents wWas reversible. Any readily ye-

versible phase of .antagonism-would imply that a portion gf the block-

* 3

’ ’ kN " N
ade wao due to 4 reversible complex betwebn antagonist and receptor
and not a LovalehtTi~bouhd species. It was . found that the maximum
. -haloalkylamine induced shift of the,do3c-réspon%5'curve,was‘not

reversed by Wéah procedures designed to remnve aziridinium ion from
. ; _ nie

: ) S ! t ,
the bathina medium: The depression.of maximum response, however, was
. [ . . - N

reversed by these procedures.: . )

s

After tissues ‘were cxposed to phenoxybenzamine (5 x 10761 for
3 min) and washed with Tyrode xﬁ]uﬁion for 3 hours, the maximum res- - .

,ﬁonse to histamine was 72 + 8.17 of control. When, sodium thiogu}phatej
- 7 - .

(1Of3M) was then added po the wac@ medium and w;shinq contihuéd for
d'fﬁkthof'BO to bﬂ.m;nﬁtes? a sizeablo.porfion of the b]ockade was
r@ve}ﬁcdvand the maximum ;eéponae ofbthé tissue was 97 4.2% of con-
troi (fuqﬂ 47).‘ Ao can hé goen ffom fiq. 48, thiosquhqté.ion Etself

had no effect on’;ho,gespanzo'to histamine. The reversal of blockade

coudld be qrédtlyichhanced by the presenceobf_O.S%'BSA in medium already
containing thinsulphate (Fiqi'dﬁ)j The timé course of the reversal of

)
'

the phenoxgbenzamine ﬁn&uceg d%press1on of the méximum rééponse can be
seen:1n FiqL SO"(leést sduares fit). Although thé bJockéde‘tan be
revo}séd by washing wfth’norma] Tyrode so]utioh, ghé Euﬁfor this pro-
‘pegé s very }ohq (tv . 1150 min).’ WitHABSA and thiosulphate ion in

. R . . . .
‘the solution, the process was clearly faster (ti = 200 min). Although

N
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-Piqure 47, lose res
as abscissa,

N = 6.
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Figure 36, ffect of thiosuiphate ion op response. to histamine 1in
quinea viq ileum longitudinal muscie. Dose-response
curve for hl%tam1ﬂL Molar concentrations as abscissa,
percent maximum response as ordinate. v = 3. Bars
~ represent standard errors: g ,
= e—eo control response for histamine
y —x ' response’ to histamine after 6 hours wash with
. . Tyrode solution containing thiosulphate ion
b (10 |
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sponse. curves for histamipe, ‘Vo]ar concentratinns
percentage of maximum response as oruinate..
Bars represent standard errors.

p .

control response for nistamine’

after 5 x 10791 phenoxybenzamine (exposure time of
3 min) «thiosulphate or BSA not pres ent in wash.

Mashed for 4 hours.
same’ tissues after 2 hours wash w1th Tyrode so]ut1on

conta1n1nn 1 mM Lhios u]pnatf*/r 5. BZA

9,

«
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Figure 50.° Reversal of phenoxybenzamine blockade with time. Time in
minutes -as abscissa, log 4 blockade of maximum response as
- ordinate. . o

3 Coe—0 tissues wached witn normal .Tyrode solution,
t. = 1150 min' (N - 8)
0  tissues washed with Tvrode <olution containing
1 mM thiosulphate/0.5° BSA, t =200 min /N = 8)

¢

b

100

L

‘ "'5”7"“}} M . ',,
Caure 51 vffect of mercaptopyruvate on responcse to histarine. Molar

' concentratinns as abscissa, percent raximum response ac
ordinate. i = <. Bars represent standard errors.

“8—e  control dose-response curve _
‘0—o0 dose-response_curve after loading with mercapto-

. pyruvate (10-3M for 30 min)
h—=A - dose-response curve after 2 houf wash
0—a0a - dose-response curve after. 4 #ur wash
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- Shoeoulpiate en was carat 1o of ceversing J0oto 30 nercent of the

Sopredaro of maainume respone e Jused by phennxybenzamine, 1t wds

’

Nincapable of causing furthey reversal. It appears that some portion

ot the aziridinium jon is inaccennible tn the thiosulphate since
v : ‘ l
ik ’ COA wa required to provide rasun reversal of binckade. These

~

result sugaest that tive cboerved deprecsion of maximum response

N gan o not the resglt of an oivylated drug-receptor complex but rather

U trgue vindica of the acvesinjur ion of phenoxybenzamine. It

* V . * . . . ——

1.oamportant to point out thet under o ¢ ircumstances could thiosul-
AN N

phate fon or DSA reverse the shift of the dose-response curve thus

{

pmplying that measurable differtrce%‘in the shift of the dose:respdnse

.

curve are smaller than Oxpvrimental'error_(correlation coefficient =

”9‘22): " The ﬁreséncé ot thiosulphate ion and BSA 1n the wash did not °

\ dlter fhe behavior of a shifted curve with respect to the wash“time -
there was no detectable difference 16 the calculatéd fractions of
d]kylated:feceptors at various wash times. This suqqests‘that the
phenbxybendeino‘lndﬁccd shift of thewdose-response‘curve is due to

i covalentyBbonded. complex.

H. PEVEPSAL OF THE PHENOXYBKNZAMINE—INDUCED DEPRESSION -OF MAXIMUM ;ﬁf

RESPONSE WITH MERCAPTOPYRUVATE

In vizw of fhe recent reports 1ndicating‘that phenoxybenzamine
i able to ente} intolthe cell cytoplasm and nucleus (Graham g& al.,
1908, Graham et al., 1977; Mottram, 1974), it was-of interest to try
to determine whether a component ofithe blockade of tho response to
histamine, induced hy phenoxyben%aminc,.Was due té intracellular”

alkylation of components of the excitatfon-contraction mechanism.
L 4 v
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]

Sorko (1957a) reperted that the aqent rmercaptopvruvate is capable of

entering. celle and taking part 0 g ¢echanism which produces intras

[

celliular thinsulphate ion.  This* thiosulphate ion could then inacti-

vate any intrace!lular phenosyneczamine.  Sorbo (1957a) also stated

that.mercaptnpvruvate 1toeld 1 'deh]7§7f~redCtinq with aziridiniym
on. ¢
L 4 oortior of e biocs ade i due to n]kylatiQn of an intra-

el manent of e e i respancible for the response tn

i

£ 4 . .
hestaaee s then precgtiably pectreatment ot a4 tissue with mercay&o—

B . - AN
ste a ante e s Tular concentration of spectes —

N

DL TGN e g ‘jQ’If‘Jr'."
Capable o soavenqging cooodin o on and thus protect against any

tracetlular Component of tlociade.  Fasth and Sorbo (1973):f0und

«

“hat ooretreatment of celly for 30 mingtes with mercaptopyruvate led

4 -
f ! 4 . [
oo taxvmum antracellular level of thiosulphate.  The maximum dose

Sf mercaptopvruvate which nad no-noticeabls effects an the response

' _ A : . “in-3
to hastamind when the tisque was cxpored to 1t for 30 min was 10

M
{ee fld. S51). However, no detectable amount of thiosu]phafe 10n was

chhervedman tissues pretreated with mercaptopyruvate in thi- manner.

Protreatpent of £1 sues with mercaptopyruvdate had no effect on the
“f : -

Cblockade sf s tamipe resucnge producs v pienoxybenzamine. Mercap-
N 2
Lopyruvdte, hawever | did affect the rate of reversal of the phenoxy-

benzamine-induced depression of the maximum response. Fiqure. 52

“hows the sizeable increase in the rate of recovery from blockade by

phenoxvbenzamine in tissues pretreated for 30 minutes with mercapt0~

pyeuvate (10°3M). The t for the reversal of the debression of the

’

maximum response was 2680 minutes as compared to a t of 1150 minutes

for control tfssueﬂ (least squares fit). No reversal of the

o

89

o

“

Al

_-‘.\” .
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Rever-al of phenoxybenzamine blockade with time. Time in
minutes as abscissa, log © blockade of maximum response as

Figure L0,

. urdinate., .
o-—e L washed with normal Tyrode solution
, t IISOJWH1(N_7 8)
) 0—0  tissues gashed with’Tyrode <olution-after 32 min
Teafing with FO-OM mevcavtoprruvate, t. - D007 min
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Sure £S5 Peversal 6F pueonoxybenzarine blockade with time. Time n,

inutes as-ab<cissa, loa - tlnchaac ofénaximum’response as |

To—erdinate. . '
" —0 tissues washed with normal |vrode solution
t = 1150 min  (l = 8) S .

0—o0 .tissue washed with Tyrode solution containing 0.5%
: “BSA/10-3M thiosulphate ion after loading with mer-
I ‘captopyruvate (1073M ‘for; 30 min) t. - 100 min (N =
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The ottecg, o "w;;A@in:.jqutw and LSA/thinsulohate appear

)

RN

o be sdde o g et e reoovery . owhen iyih treatments were

doodwa e tpen taat Con o e tregtrent alone (ts ‘IOO_rHr1;
SRR - '

| | -
boo TIME COURSE DFCAZIRTLIND Y D0 PRODICT ION AND DECAY . oo

errens e b eaxamum response by phenoxybenzamines
acars to pe due o tae woiyoainum fon of this-antaqonist, this ion

O - » . . )
st be Shown 29 b chewre Ty wtabile during this tine period. Fiqure

B4 howe the production and dece s wrth tire of the az1r1d1n1um ion

Sf phencaybenzamine oy uecas cciution. The values on the ordinate
. . ! -

e opercentaqes ot the maxamam amount of aziridinium ion detected in

A one capervment. The concentration of aziridinium ion s propor-

tional to the amount of red dipicrylamine anion formed in the assay

cediar which o 0 Lurn T
As there 1s no standard cnncentration of aziridinium ion with which

: ' Lo .
boocompare the valure of absorbance, they cannot, be’ readily converted

mteoeolar nuantities.  The percpntages were obtained by comparing

the 4ba;:henir‘*qt the hrhitrd?; ssay times and therefore the actua]

BN

peak of the (on«entrdt1nn nf the 321r1d1n1um ion may or.may not have
been observed by this method.
Since Fig. 54 is the mean of sevensdeterminations and as the

max imum concentration of aziridinium ign was not obtained at the same

.

1

sampling time for each exper7meht\ the ordinate value did not reach

100 Con51stent measurements were d1ff1cult~Q} obta1n bt tﬁﬁs reg1on

v

=33

“red by the amount of absorbance at 420 nm.
“ L.

>
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0f the qraph as the arate of cyciization was very fast in the initial

N
. . . N . ) . . ) T £
time periods (5 min to 0 mind.  The primary function of th¥s assay,
- T ) :
however, was to ascertain whether or not there was a detectafle
. S
. . . . . L - . . .
concentration of aziridinium ion present in the aoweous solution at
/A . N . . ‘ .
pH 74 and at 37°C. As seen in iag. 54, there appedrs to be a sig-

nificant amount of aziridinium 1on present even after 3 hours under

these conditions. _—
3

J1BMPEA AS AN AGONIST IN GUINLA PIG [LEUM

Ao DMPLA has bvpn‘fdhnd Lo be an irreversible «-blocking

agent with remarkable propevties (Moran, Triggle and Triggle, 1969),

w .
attempts were made to study Llockade of hictamine receptors by this
. 1 . \ -

. : LT .
agent.  DMPLA wab found to be a fyll agonist in this, preparation Va

(Fig. 55). When DMP(A wa preincubated with -thiosulphate ion, the

' - #
agonist properties were lost, indicating that the species responsible
was most Tikely the aziridinium ion of DMPEA (Fiq. 56). -

Q%It has been nuggested that DMPEA has "acetylcholine-1ike"
activity (Graham and James, 1961). Responses to DMPEA were not
blocked by concentrations of SY14 sufﬁicient to.significantly dimi-
-nish contractions tq hjgtdmino. Antaqoniﬁm of gpntractions ih fes—
vhénse to DMPFA was oh?orved, however,wwhen h?qhir cohcentration; of

SY14, capable of blocking responses to aqéty]cho]in , were used

(Fiq. 57). Estimates -of bA, values for at;opine,:;§inq acety]qhg]ine
andvDMﬁEA, were not:qreat1y‘different (Table IV) providing further
cvidence for the muscarinic effects of this species. |

The contractile response to DMPEA}was also/tested on ileum

which had been isolated with an intact nerve supp]j?and mesentery.

)

D) ' g}"
' - . L

' h \_\
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Figure 54. Production and decay with time of aziridinium ion for
phenoxybenzamine, in aqueous buffer. Percent formation
- of aziridinium ion as ordinate (see Chapter I] - Section E),

time in minutes as abscissa. i = 7. Bars represent
standard errors;7 '
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Fiqure %5. lose-response curve of quinea piq ileum to N,N-dimethyl-

1-bromophenylethylamine (DMPEA). Molar concentration
DMPEA a3 abscissa, percent maximum response as ordinate.
N = 6. Bars represent standard errors.
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TABLE 1V : S

PA, Values Against Agonists for Various Antagonists

- “~
W %

Antagonist Agonist pA, pAs
Diphenhydramine Histamine 11.11 9.11
Diphenhydramine DMPEA 10.91 9.4]
Atropine Ace%y]cho;xne 2.2 "

~ Atropine DMPEA p 1 "
DMPEA alcoho! Histamine .7.51
DMPEA alcohol Acetylcholine 6.51
DMPEA alcohol OMPEA 6.50

r ol

These values are lower than those found in the literature. They
were obtainad after Atropine had heen equilibrated with the tissue
for only 10 minutes. This short equilihration time could account
for the discrepancy.

*
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Fioure 56. " Isotonic contractions of guinea pig ileum to DMPEA. \
A - DMPEA (3 x 10-5M)

B - DMPEA (3 x 10-5M) preincubated with thiosulphate ion
(10-3M) for 10 minutes.

1

i

YA

A B - C D E

Figure 57. TIsotonic contractions of guinea pig ileum to DMPEA and z*
‘ histamine. : tffv

‘A - response to histamine (10-6m)
B - response to UMPLA (3 x ]O;5M)
C - SY14 (5 x 10-6M for 5 min) »

- response to histamine (TO‘4M)

response to DMPEA (10-4M)

m oo
}
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A
The nerve was stimulated with bi~oalar electrodes (60 Hz) and con-
tractions. causcd by relecae of neuronal acety]choTine‘ recorded
rsotenteally (fankelman, 1930 fhe preparation was stimulated for
S houre in the presence of h.wi'hquHFUm (iU'UM), an nqeni thouth
to prevent uptake of choline necesiary, for ﬁiosynthesis of acetyl-

. EY ¢’ - .
choline. into the nerve terminai. (Birks and MacIntosh, 1961).

‘After the 2 hours of stimulatinn, the neuronaf acetyPcholine stores
e depleted to the extent the nerve stimulation caused minimal
contraction, while fesponuocto vxoqenougly administered acety.l-
choline was unaffected. Under these cihcumstances,‘in a single
experimeqt, the response to DMPLA was reduced to 80% of control.

Theoe reaultﬂ Guq%eép that DMPEA mav posse.s a small indirect compo-

™, : : .
nent of adtion resulting trom the release of neuronal acetylcholine.

13

. DMPEA AS AN ANTAGONIST OFFIISTAMINE

o »

. N
Although DMPLA is known to inhibit histaminase (Graham and N

James, 1961), at concentrations less than 10’3M it“does not sig-
nificantly antagonize the°response‘to histamine in 1qnq1tudina1
smouth muscle (Fig. 58). bn.hiqhvr doses (10-3M) it produces a

small shift of the dose-response curve for histamine which reverses.

with time (Fig. 58). -

‘The alcohol of DMPEA antagonizes the response to histamin
. t

in a reversible manner (Fig. 59). It is not clear, at présent, what

@ : _ : '
causes the transient blockade of histamine by DMPEA (10'3M). Whether

it is an effect of the alcohol of DMPEA, a brief alkylation (with

fast hydrolysis) or a binding of aziridinium jon has not been deter-

mined.



Figure 58.

Figure 59.
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Dose-response curve to histamine. Molar concentration
histamine as abscissa percent maximum response as ordinate.

Bars represent standard errors.
control response to histamine
after DMPEA (10-3M for 5min),

(N:]) . '
after DMPEA (10°9M for & min), washed for 30 min - e

(N = 10)

—9
washed ‘for 30 min
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B

Effect of DMPEA.alcohol on response to histamine. Dose-
- response curve for histamine. Molar concentration as -
abscissa, percent maximum response a% ordinate. N = 2.

e—o control dose-response curve ™ o
0—0 response to histamine in presence of alcohol of
DMPEA (7 x 10-8Mm) |
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L. EFFECT OF DMPEA ON BLOCKADE BY-PHENOXYBENZAMINE OF THE‘RESPONSQ

v
PRRRS
[

T0 HISTAMINE'

It is interésting to ndte'that others (Moran, Swami and»
Triggle, 1970, Janis and Triqgle, 1971) have used OMPEA to distinquish
more’ than one binding site for r—ha]oalky]aminés in the a-recéptor - -
system. Theré it was found that DMPEA pretreatment aﬁtaqoniied
binding of other . -haloalkylamines at.oﬁé of the sifes. In‘view of
these results obtained with this agent, the effect of~pr¢tre§tmen§~/'
with DMPEA on the blockade of histamine response by phenoxybeniamine
was determined. |

-

Pretreatment of a tissue with DMPEA (5 x 107°M for 5 min)
did not affect the shift in the dose-feSpongé curve produced by
phenoxybenzamine (5 x 10-®M for 3 min, Fig. 60). Table V shows a
comparison of the maximuT parallel shifts of the dose-response curves
to histahine with retention of maximum response with and without
- DMPEA pretréatment and it can be seen that there is no significant:
difference. .Thefe i§ a significant difference, however, in the depres- °

5

sion of the maximum response produced by phenoxybenzamine (107°M for

5 min)'with and without pretreathént,with DMPEA (Fig. 61). Wffh
bMPEA p}etreatmeﬁt, the méximum response after phenoxybenzamine was
96 . 2.27 while in control tissues (phenéxybenzamine oniy) the maximﬁm"‘
reéponse was 76 + 6.7%. The differénce is statistica11y significant

(p - 0.05, see Table V).

M. HISTAMINE DESENSITIZATION
“In view df the very high cdncentrations of ggonist required

for receptor-protection studies and the high probability of resulting



Figure 60.

{

Figure 61.

AN
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[Histomine | M

Dose- response curves to histamine. Molar concentration
of histamine as abscissa, percent maximum response as
ordinate. ‘

e—-e control dose- response curve to histamine for
tissues pretreated with DMPEA }

A——A control dose-response curve of tissues not
pretreated with DMPEA

0-—0 . -after DMPEA (5 x 10-6M for 5 min) and
phenoxybenzamine (5 x 107%M for 3 min) (N = 4)

X===X ?fter phenoxybenzamine (5 x 10-6M' for 3 min)

21)

Y | . T &

50

% Respa-se

0® o’ 0 0> o
[ Histomine) M ' .
Dose-response curves to histamine. Molar concentration
histamine as. abscissa, percent maximum response as ordinate..
“Bars show standard errors. : v

*—9o 'control response to h1stam1ne.g )
o—o after DMPEA (5 x 10-6M for-5. min) ahd phenéxyben-

zamine (10-5M for 5 min) (N = 9) _ )

L—1 after phenoxybenzam1nev(10’5M for 5 min) (N,[

‘ iss ined after a
A1l dose-response curves of b]ocked.tlgsqes‘obtajne‘ 4
2 hour wash with Tyrode solution containing 1 mM-tgﬁosu]phate._
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' TABLE V

! 4
ttect of OMPEA on Phenorybenzamine-induced Shift of the Dose-Response ‘
®

Curve and Depression of Maximum Pesponae
p

Concentration DMPEA - ~Phenoxybenzamine
‘ PhenoxybenZzamine - Pretreated only
S o . o e e
5 x 10°°M for 3 min 1.99 + n.04 1.97 + 0.03
_ , n 6 n =21

Maximum Shift
(Tog units)

Maximum Respofise  1079M for § min 96.00 + 2.2%"  76.00 + 6.7%

"Maximum response siqnificantly different from” that for phenoxybknzamine

-y

.

only {(p .~ 0.01).

-



extensive desensitization, the effect of desensitization on the block-

Ao produced by phenoxvbenzamine was determined. Desensitization has

-

already been shown to affect the drreversible blockade af cholinergic .

A1

retéptorﬂ (Rana and Ritter, 19705 Miledi and Potter, 1971; Lester,’

19727 Drvden and Harvey, 1974) thus-it was felt that this effect re-
auired investiqgation in the histamine receptdr systen.
A non-specific component of histamine desensitization has been .-

o 3 £ . )
Characterized (Canton: and Lastman, 1946, Paton, 1967; Bown et al.,

- /7973; Schi]d, ]973g)hwhich make<'dudntita§i§e measurement of ., the

*

fraction of histamine reteptors desensitdked,iifficu]tA(see Chapter
. - \q" N .
IT - Section H). The cffect of Jesanéitization.to‘histaminé bn the

response to acetchholine was therefore determined.in.an'attémpt to *
. » . ) . R .

measure the exfent of thelhon-spocific componént of desénsitf;ation;

Figuré 62 shows the parallel éhift induced in a dose—resppnsé
curve to hlstam1ne bv a desen31t1zanq dose of hlstamlne The concomi-
tant desens1t1zat1on to acety]cho11ne‘1s shown in Fiq. 63, illustrating
the non—spec1f1p component of the desens1t1z§t1on.

" As many of the éxperiments containedin this thesis suqggest

that the phenoxybenzamine-induced depression of the maximum response

and shift of the dose—responseLcurQe result from 6jffefenﬁ?mechanisms}
. - Vg : . N . 3 » .. . .- : ‘ ."n o ” “-’-"*"v y
. 1t was decided, that the effects of desensitization on these jtwo effects

Ghould be studied.separately. o ) - ¢ ﬂ_'.”

N. EFFECT OF DESENSITIZATION ON THE PHENOXYBENZAMINE INDUCED SHIFT OF

0
~f
! ! . H

THE DOSE PESPONSE CURVE

. . ; . =
Paired-tis§ue§ were uti]ized tb{determine differences in the

R : ' N . i ? i . . )

- phenoxybenzamine-induced shift of the dose-response curvé (in log units)
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Fiaure 6¢. E£ffect of maximal dewensilization to histarine on the
response to histamine.  Moldar concentratigns as abscissa,
percentage of maximum response as ordinayé. N = 20.
Bars represent standard errors.

N

e—e control dose-response curve to histamine

x-—x dose-respunse curve after desensitization to histamine

,w

) f
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o
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Figure 65. Concomitant desensitization to acetylcholine after desen-
sitization to histamine. Molar concentrations as abscissa, -

percentage of maximum response as ordinate. N = 6. " Bars
represent standard errors. : ' )

e—e control dosc-response curve to acetylcholine .

x—x dose-response curve to-acetylcholine afte
desensitization with histamine
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cin de.ensitized and non-desensitized contrel tissues., Little dif-
°

ference in the magnitude of the hift of the dose-response curve was
abeerved hetween desensitized and non-desensitized, tissues and there

was no correlation (correlation coefficient = 0.26) between diffe-

. .
rences in the shift and . . the measure of desensitization (Fig. 64). -
7 Since in some cases thero was o measurable difference in
" - 5

the phenoxybenzamine-induced “hitt of the dose-response curve be- .
twoen control stissues and tiosue. which were maximally desensitized

o 09), 8 pairs of tissues were utilized in an attempt to deter-

4
mine the significance of.this effect. Under these circumstances, a
p , : A .
Cdifference of 0.30 + 0.07 lng units was observed (paired t-test,

p - 0.05;-nnte these 8 maximally desensitized tissues also appear in
L

Fig. 64). g
;4/?

(. EFFEC{ oF DESENSITIZATION ON THE PHENOXYBENZAMINE-INDUCED
DEPRESSION OF THE MAXIMUM RESPONSE

Desensitization had a much more profound effect on the phen-
oxvbenzamine-induced depression of the maximum response to. histamine.

Figure ©5 shows the correlation between p, as.a measure of desensiti-

N

zation, and ~max, defined as the difference between the maximum res-
ponses of a desensitized and non-desensitized tissue (both blocked .

by phenoxybenzamine). Desensitization reduces the phenoxybenzamine—\

induced depression of the maxinum response (correlation coefficient =
T . . )

0.86). Phenoxybenzamine depresses the maximum response of a non-

doqnnqitiaéd tjéeue to 327 while that of a maximally'desensitized

Y

-om *
tisoue (o 100) i+ depressed to only 827 compared to unblocked, non-

desensitized tissue (Fiq. €6).

>



Pigure 647
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Oifferences between parallel shift induced in the dose-
response curve, by ph@noxybenzamine (2 x 10-6M for 3 min),
of desensitized and non-desensitized *issues, against -
as a medasure of desensitization. N = 17. Correlation
coefficient = 0.26.
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A-plot of difference between phenoxybenzamine-induced
depression of maximum response to histamine, in desen-
sitgzed and non-desensitized tissues, and o as a
medsure of desensitization. N = 16. Correlation co-
efficient_= 0.86.
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Fiqure A6.. tffect of maximal desensitization { )= 100)"0n depression
of maximum response by phenoxybenzamine (5 x 10-6M for 3

, min). Molar concentrations as abscissa, percentage of
“maximum response as ordinate. N = 4. Bars represent

-: standard errors.
e—e control dose-response curve to histamine
(—=4 dose-response curve after phenoxybenzamine

0-—0 dose-response curve, after phenOXJbenzamlne of
ficwue desensitized before exposure to antagonist

) 160

"o Mesponse

3

. B . :
0 % 0°® w0 0*
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@
2

Figqure 67, {fiect.of histamine f]O‘bM) present ih'the“Bafh during
: “expoLyre to phenoxybenzamine (5 x 10-6M for 3 nUﬁJ., Molar
concentrations  as abscissa, percentage 6f maximum” response
as ordinate.. N =-6. Bars represent Standard errors.

¢e—o Lontro1 dose- VOFpon(e curve to h1‘tam1ne
n——r  dose-response clirve after plicnoxybenzamine

0—o0 dose-response curve after phenoxybenzamine in pre-
sence of histaming (10-6M) _ 2

©>
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— o . . . .
cerning desensitization and receptor blockade. It must be remembered

. RECEPTOR PROTELTION‘HY A SUCTHRESHOLD CONCENTRATION OF HISTAMINE
» l ( / Al

- ‘ \- (’ - . . .
One obvious methodoloaical problem is the possible binding-

stte protectimg effect of a <ubthreshold amount of histamine present

. . ! A .
inthe bath fluid of desensitized tissues.  This subthreshold con-

t

centration theoretically can be relatively high (up to 10-6M) since

/

~a highly desensitized tissue would not respond to such a dose. A

-~

second control was therefore included to clarify any possible pro-

tectaing eftect of undetected: concentrations of histamine on the

it
|

antagontsm by phenoxybehizamine. E //

x

I't was found that an agonist concentration of IO"6M produced
. Pl i . ! ‘
no effects on the phenoxybenzamine-induced shift of the dose-response

curve (see Section S). [t was found, however, that this dose of

forstamine had a small ettect on the depression of maximum produced by

PN

the o -haloalkviamine . In this case, histaminel(lO‘6M)

caused a difference between the depressed maximum response of desen-

s1tized and non-desensitized tissues of 8.3 « 3y (Fig. 67)." Such a

dose of histann/& would produce no response and therefore remain un-
f ; e\

r »

Yetected in highly doaonsitizo%/ﬁrebardtions (o = 100) wheke differen-

“ees in the depressed maximum response (smax) caused by desensitization

were found to be considerably greater (50.57 4.6%). Thus the pro-

*tecting effect of subthreshold doses of §¢amine,doestnot appear to’

be a serious complication in the interpretation of the studies con-

(4

that although 10-OM histamine is theoretically the hiahest concentra-

'tioh which could remain urdetected in the tigsuerbath, phere is no

ev{dcnce to imply that this is the case. If preséht, however, this

1
¢

residual agonist concentratinn could account for only a fraction of’

o -
c. .
b . L.

106
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the obserwed;differoncea.

It is possible that the histamine molecule remains tiahtly
bound tq the receptor for‘a considerable lenqth of time theréby
cadsiﬁq prdiecfion adainst_bindinq of phenoxybenzamine. [f there
-12 a ro(eptgr reserve of ?97 then 10-5M histamine (the‘lowest con-
centration which produces mdx1mu$ response) would only be binding
to 17 of the receptor population. To determine whether the effects
Of d<senc$§1Lnt1mn on h]ockadc by phenoxybenzamine was an aftifact
due ter tight-binding of histamine to the desensitized receptér, the
effects of a histanine concentra‘?on of 10-4M on the blockade by
phenoxybongamino*wax nbgofvna. ‘This concentration of histamine would
‘be sufficient to occupy 1007 of the receptors assuming & 99% réceptor
reserve. The ditference between the maximum responses of/controlk
tissues and tissues an the prosence'Bf.IO’AM histamine (Amax) ig
3 1.4 (nee }iq. 68). Thi, is considerably smaller than the
pftect of maximum desensTtization on the depression, by phenoxyben-

zamine, of the maximum-response (rmax - 50.5 ¢« 4.6%).

" INCRCASE N MAGNITUDE OF BLOCKADL BY PHENOXYBENZAMINE WITH TIME

As shown in Tiq. 69, there is a significant increase (p< 0.01)
in the phenoxvbenzamine-induced depression of maximum response after
‘3 hours of wash in normal Tyrode solution not containing thiosulphate

ion. These prCDdth]OH§ were treated w1th phenoxybenzamine dissolved

in dilute aC1d thUSfa larger concentrat1on of uncycllzed R-haloalkyl-

oa

,mine was nre;eﬂt in the bath than is normally found. These resu]ts,r

P2s

hOwever,-i]luetrdto thb ability of this agent to produce blockade
lTong after the initial period &f‘exposure to the tissue. As the
' N
LY
4



Figure 68.

Figure 69.
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EfEEEX\of histamine (10-%m) present in the bath during
exposure to phénoxybeinzamine (5 x 10°%M for 3-min). Molar
concentrations as abscissa, percentage of maximum response
as ordinate. N = 6. Bars represent standard errors.

0-——e coutrol dose-response curve to histamine

0—o0 dose-response curve after phenoxybenzamine

A=A dose ru&ponse curve after Rhenoxybenzam1ne in the
presence of histamine

100

——————

’
10
[ Histomine] M

Increase in blockade by phenoxybenzamine with wash in
normal Tyrode solution. .ose-response curve for histamine
Molar concentration as abscissa, percent maximum response
as ordinate. N = 4. Bars represent standard errors.

e—e control dose-response curve ‘
o-—o0 dose-response curve after phenoxybenzamine (5 x 10'6M
for 5 min) and 2" minute bagh with normal Tyrode

: solution
A——f response in same tissues after 3 hour wash w1th normal

Tyrode solution
<



cttect onot often oboerved under normal Orvcumstances but does be-
come cvadent an phenoy vhengamine that s frechly disnolved in ﬂ(;id,
vtoappear s that the uncve ived fore of phenoxvbenzamine is respon-

sible for this continuation of the alkylation process dfior initial

exposure to blocking aqgent.

S R. PHARMACOLOGICAL SIGNITICANCE OF DOSES OF VARIOUS PROTECTING AGENTS

Much of the work to this point in time indicated that phenoxy-

109

benzamine was binding to 2 weparate sites associated with the receptor.

Inan attempt to determine whether or not one of these sites was the
histamine bihdinq site, a series of protection studies was initiated.
ihe partial agomist Lt pyretamine, FQ]I agonist histamine and rever-
ihle antaqgonist diphenhydramine were used in various experiments.to
nrotect againgt the h]ockadg of _the histamine response by phenoxyben-
Zaimne.  Many receptor-protectiom <tudies suffer from the fact that
very larae concentrations of protecting aqgent capable of protecting

many non-specific sites are used. Attempts were made .to keep the con-

centrations of protecting agent utilized in the following experiments

within a reasnnahle pharmacological range although the failure of high

doses of histamine to affect.the phenoxybenzamine-induced shift of the

dose-response curve necessitated the use of very high concentrations”

of this agent (vide infra). The pharmacological significance of the
various doses of prbtectinq'éqent are shown in Table VI.

Although Et.pyretamine has been déscribed as a-partial agonist
for histamfno (Walter et aj,, 1641 Hunt and Fosbinder, 1942), no pA
Va]ues"ére feadily available. ‘Thgva, for diphenhydramine détermined

against histamine was 7.63 v 0.02, and against Et.pyretamine was

&
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TABLT VI

3

Phammacological Signitacance of Various Concentrations of Agents

Agent Concentration Siqnificance
- — - - — rm— m e e e e e e = o . - - \ e e e e e et e ————————
Histamine - 10-6M produces maximum response
Histamine 10 100 x dose which produces
maximum response
Histamine 107 3M 1000 x dose which produces
- o maximum response
€t .pyretamine 10-5M ‘TSUbthfeshold dose
Lt.pyretamine 5 x 107°M ED50 dose
ft .pyretamine . 1079 ‘ produces maximum response
Et)pyrétaMine: 10'3M 10 x dose which produces
e max imum response
Diphenhydramine 2 x 107~ m occupies 3.25 ¢ 0.4%% of the
o : receptors
Diph@nhvdraminc SRR T RAY occupies 10.9 + 1.3% of the
receptors

[ o e e e e e —— e e

- .

*As calculated by equation derived by‘Path_(196])

- : . ) .
- .
/ nno1o- -
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7.C3 + 0.0, Thiw is close to the value of the pA. for diphenhy-
dramine of 7.7 as determined with histamine by Van Rossum. f1355h) .

Aﬂdose—response curve for bt pyretamine on the longitudinal muscle
of the quinca nia ileum is shown in'Fie‘ 70},

in dealing with the pharmacological effects of diphenhydramine,
oneﬁeay to exbress the extent of receptor oceuhhtion bv this antagon-
it 1s with the equation derived by Paton (1961). Thexequatioﬁ
(dose ratio t P)/ (dose ratio) (“ee (hapterhll - Section H) can be used
to ealnuiateAJ,'the fraction of receptors blocked by reversible ant-
aannIst These percentaqes, for the protectina doses of diphenhyd-

ramine, are shown 1n Table V1.

-

S. EFFECT OF PROTECTING AGEhTr On SHIFT CAUSED BY PHENOXYBENZAMINE

»

€

[ 4
As shown in the hlrtoqram F1q~ 71, the effects of supra-

‘e
£

maximal dnsex:of histamine or*the phenoxybenzam1ne induced sh1ft in
the histamine 40§e-feﬁpnnse curve are mlnlma]. The results of the
statistical cgluu]atiﬂns are shown in—TSBie>VII where it cahibe seen
that one Aundg-ed times the concentration of histamine reqqired to
eiigit the maxiﬁem response . fails to*produce a siqnifican£ decrease
in the <hift bv phenoxybenzamine. Siqgnificant eifferenees‘in the _ A
maqgnitude of the shift in the dose-response eurVe were aehieved when
a high dose. of Et,pyretamine (10-3M) was utilized as:the protecting
agent. In ]1qht of. the chemicali-interactions between Etipyretamxne
and pheno<ybenzam1ne the full significance of this d1fference in’
. paraltel shift in dose-;esponse pu}ve wi11 be discussed in Section V.

The revers1b1e dnfaqonlft diphenhydramine produced a %arqe

d1fference in the phenoxybenzmn1ne 1nduced sh1ft n dose response curve

i
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100

[ E1_Pyretomine] M

"Fiqure "7 ‘toce-response curve for {(t-pyretamine. Molar concentra-
tion as abscissa, percent maximum response as ordinate
(100% -refers to maximum for Et.pyretamine - this is
approximately 87 of maximum for hi<tomine). N = 10.
Bdrs represent tancard eriors.
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Figure 71. Histogram showing protecting with various agents against

the phenoxybenzamine-induced shift of the dose-response
-

curve. Magnitude of parallel shift (in log units) as+ .
ordinate. T7) -Control ti,cuers. U7 """\ff'ffvfd//fl/ﬂSUP<-_

Bars represent standard errors. (7;/;//
A - protected with 10°®M histamine (N §%7

LY

1]

B - protected-with’]C’4M histamine (N = 55
C - protected with 10-3M-histamine (N ='é)
-.prqpécted with 105M Et,pyretamine (N = 4)
-‘propgcted with 10-9M Etypyretamine (N = 5)
= 4)

- 'protected with 2 X-]O'BM_diphenhydramine (N = 6)

D

E .

F - protected with 1073M Et,pyretamine (N
G

H - profegted with 10-/M diphenhydraming%(N = 4)
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T. LFFECTS OF PROTECTIHC AGENTS ON THE PHENOXYBENZAMINE- INDUCED
. €

3

U&}HH SSTONOF MAXTHUM PESPONL

lhw‘dvprpuyvnn ot the mosamue response, by phenovaeﬁzamine.
1o much more sensitive to receptor bﬁotcctinn by*histamine. As seen
in the histogram Fiq. 77, GYCQ;iﬁIbMAhiSthinP broduced a significant
difference in the dept‘ejﬂm-h ()f:\\m.aximgm with h ier doses nroviding
“qreater deqr@v; 5f protectinn. It 15 interesting to note that a sub-
thresneld concentration of bt pyretamine (f}q. /1) gaused‘a signifi-
cant protection anainst depression of the maxirur response by phen-
oxvbenzamine but thiz recult must be considered in light of the' find-
ings in Chapter 1117- Section V. This subthreshold concentration of
[t pvretamln; has no effect on the response to hiitamjne:(Fiq.‘73).
Uiuhonhydrqmine provides extensive protection éﬂainst depression of

maximum response by phenoxybenzawine.  The results of the statistical

calculations are shown in Table VIII.
U: EFFECTS OF ANTAGONISM OF HISTAMINASE ON PROTECTION BY AGONISTS
. \ i - ’ : )
AGAINST PHENOXYDBLHZAMINE-INDUCED HISTAMINE PECEPTOR 8LO§KADE

{
As mentioned in Chapter 11 - Section I (v), histamine is sus-

céntiﬁle to deqradation by the enzyme histaminase Whjle Etypyretamine
i not.  The deqradation of histamine, however, docs‘not appear to bé
an important méchanism in tefms of removal of agonist from the recep-
tor locus, in this preparation. As can_bc‘%een in Fig. 74, a tiséue

t

exposed to a concentration of histamine sufficient to nroduce a maxi--,
mum contraction, can sustain this response for 40 minutes. The small
decrease in the contraction was due to desensitization as a higher

dose of histamine did not increase the response.
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Fraure /2. 'Histogram showinq'protection with various agents against
the phenoxybenzamine-induced depression of the maximum
response.  Magnitude of the maximum response (after treat-
ment with phenoxybenzamine 2 x 10-6M for 3 min) in percent
as ordinate. (] - Control tissues. - Protected tissues.
Bar~ represent standard errors.

£ protection by IO“6M histamine (N = 7)

B - protection by 10-%M histamine (N = 7)

{ predbection by 1 BM et pyretaicine (W 5)

(- protection by 5 x 107°M Et. pvretamine (N = 3)

£ - protection by 10~ Et,pyretamjne (N = 3)

F - protection by 2 x 10-BM diphenhvdramine (N = 4)

G - protection by 10-/M diphenhydramine (N = 4)
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Figure 73. Lffect of subthresﬁp]d dose of Etzpyfetamine on the response

to histamine. Dose-response curve to histamine. Molar con-

centration as abscissa, percent maximum response as ordinate.

N = 6. Bars represént standard errors. '

o-—e control dose-response curve

S donogresponse curve in the presence of Lt _pyretamine
(12=oM) ‘

« Fe

Suntained isotonic contraction bv histam ne

A - 106y histamine . -

=
b

3% minutes later
C - 107°M histamine
D'- 5 x 1079M histamine
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Apather protes Lion wxpv&?mﬁnt concerninagsthe <hitt-1n the dose-

-~

response curve to nistamine was olso carried out in the presence of ».
the histaminase inhibiter, hvdrexylamine (]U‘4M). A< shown .in Fig. 75,
pvfroxviamine had no effect on tie response to histamine other than a

“l1ght potentiation as reported v Arunlak<hana and coworkers (1954).

There San no D ference in.the protécting effect of ]O’6M histamine
! ’ Y
e tomeencoy nr aboence ot hydroxylbamine (Table V1)

,

SELRELE AGONTST AND PHENDXYBENXAMIHE

-~
LA

(e
>

L
4 .

in 1iait of the nrotection against dp@ro&sion of the maximum
. \T
rosponse by phenoxybenzamipne observed witn/dﬁéés of Et pyretamine-
. ‘ ‘ '//
thit nad no vasable recentor pffultxjthe po<sibility of chemical
A . . / A . !
wcavenging ot azirdinium 1on by the partial agonist yad to be con-
cvdered. The assay described in Chapter 11 © Section 1 (iv) is
Jfficient to measure small ditferences.in the aqueous concentration
f0 pyretamine.  Fiqure 76 shows the relation between aqueous con-

Contratton ot thenrganic bese and absorbance and it can be seen that

o banear | ay predicted by the Beer-Lambert Law (Willard et al.,

the tercentaaes of phenoxybenzarmihe which react with variou§ ﬁ
neentration. ot gt pyrgtdmine and thiosulphate 1on, are shown in
Crg. 770 A concentration of 5 x IO'5M Lt py eténﬂne left es@entia{]y
. i
ne free aziridinium ion of phenoxybenzaming after 3 mjnuteg‘under ' r
invsinlonical ﬁond;tions; the same is true fyr IO‘ZM_thiosdlphaté ion.
'ann ‘oncentrations of *scavehqers” for pheroxybenzamine\wou]d not

neces arily prombrt blockade since there-would be a competition, for

phencs.binzamine, between the receptor sites and the chemical reaction.

\
>
L3 K
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Figure /5. tffect of hydroxylamine (10j4M) on the response to hist-
B T amine. Dose-response curves to histamine. Percent maxi-
& mum response as ordinate, molar concentration of histamine
. ds abscissa. N = 4, Bar%frepresent standard errors.
- -

[Histormine] M

e—e control dosenrpspdﬁie curve to histamine

;- response to histamine after/hydroxylamine (10-4M)

Ce—TN
b‘; R4
L3 « “v
: s
W‘.
v o e
oF A
‘ D

1 1 . 1 1 2 1 1

. 100
) - % v/\[j‘,mb(]ﬂ(je
'figure 76. Relation between percent absorbance of solutions of
, Et pvretamine and percent Lt pyretamine. Percent absor-
bance of dipicrylamine solution contaiping Et pyretamine

as ordinate. Percent of 5 x 10-5M Et,pyretamine a¥
ordinate. ' :
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Fiqgure 78,
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N ~. A B C D. t

Percent phenoxybenzamine chemically interacting with

either Ft.pyretamine or thiosulphate under pharmacolo-
gical conditions (see text - Chapter III - Section V).
Bars renresent standard errors. o

A - 10-5M Et pyretamine (N = 4)

B - 2.5 x 107°M Lt,pyretamine (N = 4)
C-5x 10°5M [t pyretamine (N - 4)

D 5 x 12-3M thiosulphate ion (1 - %)

E - 10°2M thiosulphate ion (N = 4)

e

e
. % mar

Differences in the Jinression of maximum resnonse Lv
phenoxybenzarine in the presence of thiosulohate icn.
Bars represent standard errors. [_J - Control tissues -
blocked with phenoxybenzamine (2 x 10- bM for 3 nin)
EA-Tissues blocked with Dhenoxybenzam1ne in the presence
of thiosulphate 1on.

A-5x ]U 3M thiosulprate ion (N = 3)
B - 10~y th1osu]phate ion (N = 3)

o

171



Frgure /8 Shows the effect of addition of the thiosulphate Ton as a
. »cavenger during phenoxybenzamine-induced b]ock;de. Thiosu]phate
in a concentration sufficient to scavenge 100% of the phenoxybenzamine
in 3 minutes (]O'ZM), produced a difference in the phenokybenzamine-
induced depreSsionvof the ‘maximum responséu(from that of a control
tissue exposed to phenoxybenzamine in the absence of thiosulphate) of
approximately 667. It thus becomes evident that the 46.87% value for
the difference in the phenoxybenzamine-induced depression of the
max i mum response observed in thé\presence of 10-5M Lt,pyretamine
(subthreshnld -.Fiq. 70, Fig. 73) is most likely an artifact due to
chemical intéraction of the agonist withtphenovaenzamine. A1l pro-
tection effects by'this agonist must therefore be considéred to be
partly due to chemicgl effects and partly to recebtor protection. A.
difference ot 0.33 log unit% 5 observed when phenoxybenzamine is
used to induce a parallel shift in the dose-response-curve in ;he
preséncc of 1072M thiosulphéfé?ion. This aqgain must be considered in
Lhe»]iuht of the results in Fig. 71 where Et,pyretamfne, in a very
hiqh'cnnaentrapion,(jo'zm) proddﬁes a shift of 0.57 ¢ 0.}'109 units.
L Histamine (IO‘4M) does not appear togreact to a significant
éxtent with phenoxybenzaminé. . The selective protection by Tow con-
centrations against depression of maxirum response by phenoxyben—

I3

. zamine is-therefore most likely due to receptor protecties effects

a;d not chemical scavenging. It is 1nteresfinq to note that even
10-3M histamiﬁg\caused'no.difference in the shff£ in dosé—ﬁfsponse
curve with phenoxybénzaminé. Th%s wou]d‘be unlikely if the aqoqist
could interact with.phendxybenzamine to any significant degree.  These

results are summarized in Table IX.
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IV DISCUSSION

A, RLVIEW OF RESULTS

At«this point it i< useful to summarize the major-results

outlined in this thesis before beqinning a discussion on thdir sig-
nificance. ' '

l._ A maximum parallel shift of the dose-response curve of
0.67  0.07 log units is abserved when the. preparation is

= blocked with bhenoxybonznmine but washed with Tyrode solution
not containing tniosulphate ion. Further treatment with
phenoxybenzamine resultg in aAdose—reéponse curve sbi%tedﬂ -
less than 2 1QG units to the right but with a depressed maxi:
mum response (Chapter 11 - Sectio&-C). lThis‘resu]t9was ob&
téined isotonically, but iéﬁsimi]af~to reéults in the litera-

ture which were obtained. isometrically.

28 The | -haloalkylamine FCB _provides an estimate ofgthe receptor 
reserve that is significantly different from that provided
by'oither 5Y14 or.phehoxybenzamine. The aqenig'ECé SY14 and
nhennvaen%émine ;]] cause maximun ShiftS.Of the dose-response
curves which are:siqnificéni1y different (Chanter I11 - Section

»

F). .

3. Very hiqgh dose& of histamine fail to nrotect aaainst the phen-
~ oxvbenzamine-induced shift‘of the dose-response cdrve, “The ?
depression,Aby phenoxybenzamine, of the maximum:response is
“very sensitive to protectioé:with histamine (Chaptef 11 -

L

SCCtiOHS‘S and T)". . s



<M “ <. A
Wasdiong o Cecsue blocked with phenoxybenzamie with Tyrode

“olutron contarmng thioculphate jon or BSA and thiosulphate

ton, edectively reseraes tie receplor-anecific depression
N

of the maximum rﬁxponxv buti not the phenoxvbenzamine-induced

shift of the dose-resnonse curve. The same can be achieved

wiien ‘the tissue is protreated with mercaptopyruvate (Chapter

IIT - Sections G and ).

The aziridinium ion of the i -haloalkylamine OMPEA appears to
be a muscarinic éaonist,in this nfeparatinn. This aqent also
selectivelv antagonizes the‘phenoxybenzamine—induced depres-
sion of the maximum response but not the shift of the.dqsef
rOSpOﬁGQ curvo.j This is achievvd by pretreatment of the tis-

SuC wWith <oncentrat10ns of DMPLA that dn not affect the hist-

amnine re%punse (Chapter 111 - Sections Jand t).

Desensitization appears to sefecti&ely "protect" against the
phvnoxybenzam1ng—1nduced depress1on of Lhe maximum. response
Althouah max1mdl desensitization has a sma]] effect on .the
phenovaenzdmlno-xndgced shift of the dose-resnonse curve,
th?? offect cannot be corre]&ted with the Tevel of desensiti-

Zation (Chépter I - Sections N and 0).

~The partial aaonist Lt.pvretamine, used to protect against/

blockade by phenoxybenzamine, can siqnificantly react with\thé

aziridinium on of phenoxvbenzamine. Such chemical inter- -

-actions must be_differentiated From pharmacological effects

(Chapter 111 - Section V). -

125 .
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There are g number of hvpotheses available to explain these
findings.  The phenomenan ot the paral]eI shift of the dose-respopse
curve by thewe agents can be explained dy competitive reversible
blockade, the presence of spare cells, the presence of spare recep-
tors or the cxistence of more than one bihdinq'site for thé-w—halo—
alkylamine. [t wijl be seen that the latter twolhypotheses are the

.
rnajor ones that concern this thesis but ail must be discussed.

. COMPETITIVE REVERSIBLE BLOCKADE ‘ {ﬂ

&

A parallel shift of a dose-respanse curve with retention of’

the maximum response is normallv indicative of compet1t1ve revers1b]e

176k

blockaoe Wwhereas - compet1t1ve reversible blockade is normallv d1m1nlshed

by washing, it ‘was found in these studies (as well as in the original.

experiments by Nickerson in. ]9 6) that prolonged washing did not sig-

nif1qant1y reverse the blockade_QFiq; 50). The obvious candidate for

reversible blockade would be the aziridinium, ion of the -haloalky-

lamine.  An example of a situation where an aziridinium:ion was found
to be responsible for a seeminq]y irreversible para]lel‘shift of the
dose;response curve was in thg,b]ockade of noradrenaline by SY28 in

rat vas deferqu}(Mo?an, Triqqle ahdATridq]e, 1969) . If,wa; f0und by

these workers that inthe presence of thiosulphate ion the bara]]el
‘ \ , . .

shift 'of the dose-response eurve diéappearod; Thus the finding-in-

rat'va§>deferen§ did’not'roqhire any bxp]anation mo're comp]icéted

' ~

‘than 31mple compet1t1ve blocpagsgby the a21r1d1n1um 10n .of SYZ8.  In

Qur proparataon however, "the ph noxybenzamlne 1nduced shlft of the

dose- response curve was nnt reversed by h1qh cdﬁcentrat1ons of th1o-

°

sulphate ion. The sh1ft of the dose response curve 1n the }onq1tud1na1

t
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smooth muscle of the quinea niq ileum must then be considered to be
the result of a truly irreversible antaqonism presumably involving

2]

a covalent receptor-antagonist complex.

C. THE SPARE CELL HYPOTHESIS

Li has been proposed that "spare cells” are responsible for
the B-ha]oalky]amine-jnducﬁd shi{t of the dose-response curVe with
retention of maximum réspon%e (Waud, 1968): It is difficult to
nﬁaqlnw how thcfe could be sparh ¢ells when measurement of }esponse:
are carried but‘iﬁometrigélly since the total forcg_produced by the
must]oigsg?d appeaﬁ to.depend on the sum of the forces generated by

each cell. Under these circumstances, it would be expected that

4
£

irreversible inactivation of any‘porfion of the smooth muscle cells
woutd cause an 1hm§diatc depression in fﬁé isbmetrica]]y reborded
max imum response. It was found by Cbok (197]),‘However, that hhen—
oxyben;amfne produced a parallel shift in the dose-response curvé 
with retention of maximuh response (measured isometrical]y). Fér.
thé ﬁsndreiéell“ hypothesis to be valid,‘there must be some other

iiechanism 1imiting- the mechanical response (in the ‘case of isometric
. ’ . ) : . < :

e -

studies).
The "critical.ceTls“ (some fraction of‘the total poﬁu}étion)
would bé deffned as the ﬁiniﬁum numbér of cells requiréd‘for haximum
response. Under these circumstances 1tvm1ﬂht he'exﬁécted>that the
maqhitudc Qf,fhis shift of the doséifequnse curyg wou1d_not'bé the
“same _when meésured’%sotonica]]V and i§ometEiCaITyu If the smodth
nuscle ge]1é areoriented such that>théy coﬁtfﬂct in seriegg theh.it“'

might Le possible for maximum isotonic shortening to occur (providing

3

that we are dealing with the ”critica1 fra¢tion” of nuscle cells).
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['f, however, these cé11§~aro drranqed‘in parallel, then although
maximum tsometric force mav ~till be achieved., isotonic shortening
would be qreatly diminiched. .T‘hua it can be ﬁL‘en that the orienta-
tien"of the muscle cells would affect whether or not the whole
Lissue would achicve maximum 1.0lonic short0p1nq. ~The maximum
Vhenovaenzaminé—iﬁducod shift of thé‘dose-?esponse,curve as measured
isotonically (Fiqp'38) was very simijar to that measured isometrically
. . . ,
(Cobk, 1971) when thiosulphate ion waé not\p;esent in the wash medium.
These data indicate that very similar "receptor re;erves“ are mea=
sured by these different methods. In terms of the "spare ke]ﬂ”
nypothesis, it must therefore pe assumed thgt the same number of cells
required for maximal éhorteninq is about equal to the samelﬂumber of
cells required for the qéneration'of maximal force Of contraction.

This is untenable in the light of the earlier discussion, thus the

experiments shown inFig. 38 and those of Cook do not tend to support

the. "spare cell" hypothesis. ' ‘ . : ~——

A basic tenet of this hypothesis is that the "spare cel]s“
are located deeper in the tissueiand are therefqrebnot as'suséép-.
tible to blockade by v-haloalkylamine. Under these circumstances,
jt might be ﬁuppb%ed that Tong-exposure times to afdose of antagohist
sufficient to produce a shift in the dose—résponse;curvevunder normal
conditioné (3 minute exposure) %hdujd produce depre;§iqn of .the maxi-
mum response. Thé increase in time period Qf exnosure would enable:
the gntadonist to penetrate to the ”Spare‘célls”_dnd cause dépreséion
" of the maximum‘respopse. Maqy variationslof Chncentratibns of'ant-
Cagonist and times of exposufe were uti]izéd in tne studieéncohggifnq“"'””“

the maximum p-haloalkylamine-induced shift of the dose-respoﬁse curve

. .
»
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nbtained: for diff?rent anents. Jdn these studies, varinus doses of
-haloalkvliamine were .exposed to the tissues for rather long expo-
sure times. [t wagnfound that lonaer exposure times were not’the
decidina factor in whether or not the maximum response was depressed
but that LOHLUHthtiQH appeqred Lo hg the sole determinant.  In ex-
peyaments utilizing a lonqger tine of exposure of the aqtaqonist to
the tinsue, there was sutficient blocking agent in ihe medium at the
end of the incubation Lfme, to LdUSé blockade of a fresh tissue. This
imniies that there was a sub;tantial concentratinn of aziridinium ion
present in the medium and that the antaqonist was not simply being
”renucsteredJ by the oUtsiQe muscle cells. In light of these resu]t;,

, 7
do not appear to be operative in this preparation.

"opare cells!

A}

0. THE SPARE RECEPTOR HYPOTHESIS

It wou]d'be expeﬁted that 1rrever%{blo inacfivatiaﬁ of.any
partvof_a population of ﬂICQpﬁors wouldAimmediatqu depresé ihe.ﬁin—
- rum respon;e if actrvation of the total population of reéeptors‘wae
rqquired.for the achievement of the mgxihum respbnse'to the-aqonisf.
The irreversib]evparaliel shift with retentibn of’maximum responsé
could therefore not be accounted for bv the existing theories of drug-
”receptor interactions before Stephenéon (1956) qhd Nickerson (19565
independently proponsed the "recentor reserve” hvbothesgs. Thé actual
theory describing this "receptor rescrve" has. been disbussed in :
Chapter L - Sect1on G and need not be elaborated upon further An
analysis of the pred1cted behaviour of a preparat1on suppo)edlv pos-

Se5S1Ng such a "receptor res ervo 1S a usefu} startina point from -

which tosconsider the merits of this theory.

AN
\



Nickeraan (195¢) "‘,tim{;tr‘d the recoptor reserve for histamine
noaurneea pra ot logm ta bhe 990 The magmitude of thae quantftw a5
detined . v untaue pronerty of the preparation and therefore inde-
pe.ndcr_mtﬁ.qf whatever agent 1+ used to measure it, vet 1t can be seen
in Chapter T11 - Section [ that two agents measip» %iqni‘ica:tly’dif»
ferent receptor ;eserves (ECB. 5Y14, and phenoxvbenzamine). 1t should
Le noféd that the blockade of the léet 10 of the receptors results
in the extensinn of.the parallel shift;in the dose-respoﬁﬁe curve of
nne complete log unit (Chapter Il - Sectioh F). Measurement of the
extent of blockade of the receptors in‘this fange (90% to 100%) is
relatively accurate since sma]]ﬁaifférences in the number of receptors
irreversibly inactivated are reflected by large differences in the
v;rnllcl shift of the doso—respon%o Eurve. It therefore is difficult
Lo dttr}bute the differences in the rcceptbr reserve estimates to
errors o-‘f&\‘nmsurement.

| The lack of protection afforded by d déée nf hjsiémine, capable
of eliciting d max i mum reéponse in an unblocked tissue, a@ainst the
'1rrovp#éible shift in the dose-responselcurve (Fig. 71),. can be ex-
plained by the spare receptor hypothesis. It must be remembered
that irreversible ;nfaqoniété, by.definition, possess a reTatively
srall rate of dissociation from the receptor while this need-not neces-
Sdriiy be true of fu]l.aQOnists (Paton, 1961). 'Thus; ﬁ—hhioalky]a_

mines possess a "thermodynamic advantage" over agonists when both com-

pete for a coﬁmng’indinq site or binding sites that are not mitually

13n

02

X
S

“exclusive (linked allosterically). An excess of agonist would thus’beb»

required to overcome this effect and when a concentration of histamine

known to nccupy 1007 of the receptor sites is used to protect aqainst

. [
< H . ! ‘ »

—



blockade by drrever-able antagonint ;o agnpiete protection_should not

4

beexpected. 17 0t i aamed that 997 of the hictaimine receptors

the do Hﬁjnn which would elicit this maximum tissue resoonée
jbvinﬂ 1" .0f the receptors. It should therefore
5ﬁ$t this dose of histamine wou]d cause any protection
fﬁﬁ5novaﬂnzamino—induced irreversihble shift of the dose-
%vo as this shi%t would rvf]éCt blockadn of the 99% of the
;ﬁot ércupind by aqbni;t (Arirns et al.,1960; Waué, 19R2 ).
&btpctinn dosé of full aaonist ds increased, however, there
‘?reator protection of the "spare rpcoptnfs" thus a concen-
3f Higtamine that was 100 timeslthat which is reauired for
maximu; ?spon%g should cgu?e some measure of protection against thé
e dose-rrsponse curve. As seen 1n rah]é VII and-Fid. 71,
however, concentrat{ons of up to 100 times that which\is renﬁirpd for

ma x imum se do not cause a sianifinant difference in the amount

J

of phean zamine-induced shift of the dose-response curve; This

“implies that either the "receptor reserve" is.areater than 99.9%

A . o
- {and that the doub]e—recinfoca] plot used to calculate this auantity

A

s hot valid) %r that some other mechanism of hlqckavde is opératf’ve(

[f the 7 loa unit shift of the doée-résﬁonse curve and SQB-
sequentAdepression of the maximum response caused hy 8—ha1oa]ky1amings
" .is the result of the Sequentia1:ajk91ation‘nf thejSéme nobu]ation of

“histamine recentors, then under no circumstances should there occur a.

-depression of the maximum response of a dose-response curve that has

13

L onlv 1 need be activated to achierve maximum response - ™8

not been shifted 2 log‘unité to the riaht. As can be éeen in Fiq. 38, -

however, when thiosulphate ion is not nresent in the bathing medjum of
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a tissue hlocked with nhenoxybenzamine, the dose-response curve of tﬁis
tissue i nob shifted a full 2 loq units to the right yet the maximum
rveponse 1s depressed. This presents a rather inconaruous situation
ih which only approximately 967 of the receptors are alkylated bv
,phenoxybeﬂzamlne before dépression of maximum response occurs under
o
these wash cond1t1ons and 997 of the receptors become alkylated
before depression of maximum response when thiosulphate iqn is pre;
*sent. in the wash mediumt A better illustration of tﬁis effect was
given by Cook (1971) in studies showing only a1 loq uﬁit shift, bv
r

ohenoxvhenéamine, of the dose-resnonse curves to histamine before de-
pression of the maximum reﬂnoese. Ariens and coworkers (19A0) also
have shown a dose-response cutve’with a depressed maximum response
that is shifted only 1.33 log units to the riaht after treatment with
dibenanrine. : |

In terms of the JSpdre receptor” .hypothesis, the depression
of the maximum response to‘httamine in qujnea pig ileum-is,lbv
definition, the result of blockade of the rema{nina 1% of the
receptors. Th15 depresg1on of max1mum response to hlstam1ne qppears . ;
to be reteptor specific as the responses to potass1um (Fia. /éﬁ) and //<f/—i;
bar1um (Fiq. 37) are.not affected by treatment of the tissue with

\V

concentrations of P- ha]oa1kylam1ne guf?ﬁc1ent to all but abolish any
‘\

»response to histamine (Fiq. 34).
- N ‘\" . .
The selective reversal of the phenoxybenzamine-induced de-

pression of the maximum response, by various treatﬁents 6f the tissues,

is difficult to. exp]aln in terms of a receptor reserve - As seen in
j?’

 Fig. 47, ‘the incubation of a: tvseue prev1ouslv treated w1th phen-

oxybenzamine (maximum response is depressed to 72% ), in Tyrode solu-
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i A ’ - s
Crom contarmng thiosndphate son gauses ceveroal of o large portion of

the depre coon of the maximum vesponse (blockade reverses | maximum

K3

toopon e hecomes, 970 af control) o Ay thiosulphate can only react with

aorvvdinign ron, and not covalently-bound  -haloalkylamine, this

implies that. the obhgsepved phenoxybonzamine- induced depression of the

f

max imum response is the result of an aziridinium ion-receptor complex

There 14 evidence to suauest that the aziridinium ion of

ahenox /bengzamine is hound very «<tronaly to the receptor. The ta for
the recovery of the maximun response of a tissue blocked with phon

oxyvbenzZzamine is lonq (t% 1150}, Althouah thiosulphate ion increases
¥4

the rate of this recovery process, the reaction between receptor-

N

hound aziridinium ion and thiosulphate ion in aqueous buffer

(e chanter T1]-Section ) . Fdrthnrmora, the rate of hydrolysis

~

of the receptor-hound azividinium ion appears to be much slower than
tor free azividinium ion. As seen in Figq. 94, after 3 hours in

queoie buffer, there 15 nnly 25”7 detectable a71r1d1n1mn ion, the re-

J , ¥ ,

matnder having hydrnlyzwd. The blockade of tho maximum response,

hoWover ¢ rpver.es voery ||tt1b in an PQU}VH}Pnt t]WP neriod lndlcat}na
- - /1

mln;mdl~1uxﬁ ot thi-, antaqﬁul t ‘ppggps to tho process of hvdrolvsis.

I o S
;;.,/_/-/’ E ;)

These data 1nd1rat° that rhn hound a21r1d1n1um jon has a much 1ower

chemical uvd(t1v1fy thdn thh frﬂv ,nv(1v Thn thpnt of this

i

. L R W o . .
‘rizvistance! to chemical reagtion cannot be pRoperly estimated since

-

¢ <
the actual amount of bound materail is unknown.

Although thiosulphate ion‘jncfnuapd thé~ra?e of diséociation

£ o ' ' : ‘ﬁﬁ
of aziridinimm ion.from the veceptor, only rarely was” 5 tredatment
wuffacient tooreverse a fﬂvprolv depressed fia x imum reqnonsp (- 2n7)

to values aprroachip- 1007 of‘nontrol. H]fh RSA in the wash medium
. .



(Roldsteing, 1949). The need for the presence of BSA in the wash
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as well as thiosulphate ion, this was readily achieved, the ty for

-reversal of the depression of maximum response beina increased almost

¢

h-fold ( ty 200 min). RSA has been used to remove. the disulfonic
N N - . N L )

. A ' .,
cacid stalhene derivative (SITS) nreviouslv thought to be covalently’

\ .
~.

bound to the réd blood cel]'momhﬁeno (Cabantchik and Rothstein, 1972).
Th: fact that BSA hindﬁ the aziridinium ion of nhbnoxvhenzamine is

not surprising since fhi% species conld thnqrvtiea11y A]kv]étp a
portinh ot the amino acid siﬁn chéiﬁs in th;'nrotﬂin. Nrun-nrotein

binding interactions not involving alkylation &re also.well known

{

“mediuf for the achievement of complete recovery of the maximum res-

ponse further illustrates tpe tiaht-hinding arid Tow chemical reac-

A

tivity of the receptor-hound aziridinium ion.

4]

I[f the depfession of the maximum response was the result of

'thn S ame mo(han1sm producing. the lrrnvorf1b]p Sh1ft of the HOSP response

4

“curve then ¥t oowould  be expeocted that a nrocoss wh1ch rpvprses

fH'(u[n[ﬂ‘lnn of the maximum response would also reverse a DBrt1on
) - o

of the shlft _The reversal of hlockade from any nart of the "receotor

reserve” would be reflected in a<reversal of a portion of the irreversib-.

e shift of the dose-response curye. Any increase in the number

of,unb]ocked reteptors ina tissue, 'uhder;c}rcumstances where, the dose-
respanse curve 15 shifted ? lon unats wou]d cause a measureable rever-
sal of this eh]ft as small chquog in thp number .of h]orkpd rpc¢pt0rs
are reflvctpd by 1arqp chanqnﬁ in thP sh1ft As a reversal of. the
shift of the #ose- rosponse cutye was never arhﬁpved w1th these wash
procedures , there appears to be a dlchotomy in thP ché?acter1st1cs of
tho rec&ptors modlatlnq th19 sh1ft and thosp medwaf1na derPSS]Oh of

ow

the maxnmum rnshonsc
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FL is possable that the very <low reversal of the depression
ot the maximum vesnonse (t FESO main) reflects not. a removal of
Lrightlv bound aziridinium ion from the receptor but the slow hydro-
lysis of a covalent bond'(betwuen phenoxybeniamfne and the receptor)
apd a ;op1énishinn of blockade from a nearbv pool of blocking aqent.
The thiosulphate and BSA could-phvn be "ﬂpdVquinq“ antgqonist thus
rreventing further alkylation of tree receptors and giving the
appearance éf,an acceleration in the reversal of blockade. It has
been oliserved, hbwever, that any existing pool of antgqonfét has no
detectable effoét after 2 hours:} A1 data concerning the reversal
nf blockade had been determineé after a ‘150 minute wash period makina

it unlikely that such a mechanism would have an}‘effect on blockade.
Since BSA and thiosulphate wn accelerate reversal of blockade 5 and
O hours after thef[nitial exposure to phenoxgbenzamine, it is much
more likely that non-atkylated aziridinium ion was being removed
from the receptor or.a receptor-linked binding sife.

Troatnmnt.ﬁf a tissue witﬁ\mercabtapyruvaté also‘%elective]y
reVéf;ég“thé»plockade‘of the maximum %eéponse by phenoxybenzamine -
(Fig. 52). The;effé;tnis>qua1itat1ve1y simi]ér to that produced=~by
waéh*with Tyrode solution céﬁféihihq»BSAmgnq thiosulphate jon in that
no reversal of the shift of the dose—respnnse,éé;f&iﬁé”athieved. A
further discussion of the effects with mérc;ptopyruVate follows
(vide infra). |

2‘- As the "spare receptdr“ hypothesié states that the deprefsion
by r-haloalkylamines of the maximum response is cauéedﬁby an extension
.bf:fﬁé"xame mechanism that causds the shift in tﬁe dose-response curve

(the sequential 51ky1ation of receptors) itgdoes not provide an.

N
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explanation for the present results.

I N T IS T I !JU‘.I PESPONSE CORVE AHD DEPPRESSTON OF HAX THUM
RESPONST COHSTDERE D A SERPARATE PPOCTSSES

There appears to be a divergence in the properties of the
receptoré-mudiatinq the 1—haloalkyl@Mine—induced shift of the dose- 5
response curve and the depression of the max{mum response.  Some
ot the reﬁults suqgesting this divergence have been discussed pre-
viou;ly and need not be reviewed in detail.

| While histamine protects against the phenogybonzaminezjnduced
depression of the maximum response with facilitv, even jn~hi§h doses,
it affords I;ttle protectidn against the phenoxybenzamine-induced ;
<hift of the dose-response curve. Although the ”spére receptor” o
hvbothesis predicts this behavior to a certain dearee (histamine
protects the 17 of the rvcenfﬁr( required for the maximum response
mdre easily than the gther 997), it does not aﬁcount for such a |
larae dichotomy in the protection afforded by histamine against the
ohenoxvbenzamine-induced shift of the dose~re%pbnse curve and depres-
ston of maximum response as has been ohgﬂrved (Figs. 71, 7?). Sepa-
rate michanioms for the two stades of blockade obsérved with phenoxv-
‘benzamine (shift of the dose-response curve and depresgion of the
maximum response) are’ also implied by the fact that various treatments
zbléttively reverse the phenoxybcnzamine-induced'depression of the ‘
i X Tmun responée but notvthe shift of the dose-responseﬁcurve.

DMPEA further differentiates these two stages of blockade.

Except at high concentrdtions, this agent causes no significant dif- .

ference in the response to histamine. 1t must therefore be assumed
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il DMPEA L ol thouah theoretically Capable ot 'a]l;ylatinq electro-
i bic wites on4tﬁé receptor, does not interfere with the pDrocess

0t activation zf the M, receptor by B tdmine. The reason probably
lies in the unusual chemical structurc of this aqgent. AIf the chemi-
cal structurp has any role to flay in the 1n1t;al b1nd1n0 of the
aZiridinium Ton, as there is sufficient reason to believe, then the
anGHLCvOf the methyilene bridge between the aromatic ;inq and the
nitrogen atom might well qiyo DHPLA‘a different specificity with
respect to the histémine receptor.

As seen in Chapter 111 - Section L;prétreatment of the tissue
with DMPLA, at this concentration, does 1ittle to affect the phen-
nxvbenzanine- induced. shift af the dose-response cufve. This agent
dqvn: however, <siqnificantly protect{aﬂainst the phenoxybenzamine-
]HdQLOdvdPUF(%SiOH ot the maximun response. The protection in this
case does not refer to DMPEA acting as a COmpetitivékreversible
aqent LOHUOthU’With‘thO phenovaeﬁzamfne for a common binding site
but rather to an allviation of sonme Site bv DMP[A which in some -way
trnedes the binding af the aziridinium jon of phenoxybenzamine to_the
“depression” Lite. This protection cannot be attributed to the
chemicol reaction of DMPEA wﬂih‘phenoxybenzamine té form piperazinium
compounds, as the t1s)uo was washed for-20 minutes between the 1n1t1a1

&5xposure to DMPEA and tho treatiment with phenoxvhenzan1ne It is un-
.llke]y that the a2|r1d1n1um ion of DMPLA a]lvlates an olectroph111c
aroup which wou]d otherW1 s¢ be allyldted by phenoxybenzamlno as the -
OMPEA pr(troatnent doeg nnt prﬂ(.ude but only dnt&qoniies depression

of the maxinum response by phnnnvaenzamlno As stated eartier, the: -/
depresjlon by nhenoxybonzam1n( 0! the maximum resnonse is probably not’

@ Y
L
"
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due Lo An'allylatiun of thé recbptof makinn the possibility of a

competyton belween Lhi compounid and DAPLA for the same (“l(‘(ltro—'
philic themical qraup even pore unlikely.

Desensitization appears to have a4 much aregter effect on the
phenexybenzamine-induced depres~ion of the maximum response to hist-

‘

-vaEine than 6n the shift of the dose-response curve. There is a
reasonablv'qood correlation between the amount of desensitization™
induced in a preparatlon prior to blockade and the antaq0n1sm produced

by phennxybenzamine (F10 £5) aaainst the max imum regponse. No such

N

correlation is evident for the hlockade.bv phehoxybenzamine resulpind
~in the shift of the dose—responsefzurve thus desens1t1zat1on appears
tn- further dffferontiete these two séeqes of b]ockade. There is some’
,nvorlep in this case, however, sinee maximal dcseﬁsitizatiqn produces
d small but statisticallv siqnificant difference in the bhenoxy—
benzamjne-induced shift of the doseéresponsevcurve.
%hus the results of the receptor protection stud1es, ‘the
‘;sel(ctxve rever,al ‘of the phenoxybenzamlne induced depression of the
. deJMuN'FQSD4HS€ the«ee]octlve protect1nn by DMPEA and the differences
1n the. efi/éts of desonsnt1zat1on a]] Guqqest that ‘thiese two stages
_of bl%bkaie are mediated by geparate mechanlsms These two mechan1sms

' ,may reflect b1nd1nq by ‘-hdloalkvlam1ne to two* d1st1nct popu]at1ons

of rec ptors a larue prOport1on of wh1ch are spare binding of the

AN ./ /
1ntagon1st to. two fenarate receptorha>soc1atod sites or the b1nd1nq
. / 7
of '~haloa1lv1annyé to perturb an ex1st1nq equilibrium between two
/ /" . )

oyigomeric fn;ys of the receptor. These latter two poss1b111t1es

nave much in conmmn énd neud not he mutualby exc1u51ve but the hypo—

/ thesis desg r1b1nq two%d1st1nct receptor forms and a_ receptor reserve

7/

| . ‘ ' .
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o modifacation of the "spdare receptor” theory and requirves sepa-

’

Yoty diccyasion.

‘

o
b THO OR MORE PUPULATIONS OF FLCCPTORS WITH DIFFERING SENSITIVITY
I -HALOA FYLAMINES

It i possible tn ALLOQHL er sonfe of tﬁo dichotomy cﬁn,
cerning the pnnnnvaenzawinv»ihdunud whift of the dose-response curve
St denre o of the B response.in terms of two populations
W recentors with differing ;vnnitivities tq blockina aéent., Spgre
receptors wonld have to be invbkod, however, to explain the 2 loa

unitt shift ot the dose-responte curve with retention of maximum
hA
N .
responce. In terme of this hyoothesis, one population of receptors

would not be %lkylatedvbv . ~haloalkvlamine but only bind the aziri- ’
dinjum jon. Thuﬂ, the selective reversal of the phenbxybenzamjné—
induced deproaéion of the maximum response wou1q reflect removal of
aziridinium ion from this population of,rcleptors. DMPEA would also '
dffwct_thlx‘popu1at50n (causing the se]egtivevprotection against
phenoxvhenzamine-induced depres%ion of the maxihuM‘response) and not

the other, ' -

Tfnq]ly, the differences in antagonism bv.bhenoxybénzaminp'in

the proéence“of dﬁe@nsitizétibn ééu]d aJso-be expla{ned by.bostu]at—

ing that the two populations of receptors are not affected by desén:;;\;“w

»itiédtion in an identical manner and‘that this differencq nproduces
'different'effefts'on antaqonism'bybphenoxybenzamihe. in this way,

the hybothesié is able to évbid somé of the indonsistencies éncouh;~’
tered when di%cussinq fheée-expefimcntal find%nqs,in terms of tﬁe \f
"spare receptor” hypothesis. | | ” -

.



A L hould be noted, th\‘\‘vnr\,\'\th&tv the h‘vr‘\(')(.hm‘i'. di“\;ﬂ,t‘ibit)(;
two separate poputations of receptors requi re ..r,sumptinnj as- to L_.f‘m\
rmd'lvi_ty of tht two |>(f|:1)l(fflur|‘. of r(*L(:,{)fOt““) to :-hdl()dlF\‘Vldl‘-li‘n‘(‘
the &cloctlve binding xf UMP[A and the behavior of these two pnpula»
t10n< of receptors with res pL(t to desens1t1zat1on

fhere are some experimental results, hbwever,'which are

difficult to explain in tefmﬂ ot this hypothesis. If is possible
tn account for the differgnces n b?niectinn affofded-by‘hiétamine
only by postulating that while {—Halbalkylamine can antagonize one
\\\Punulation of recoptors'(by presumab]y afk?$atinq a site distinct
f;bm\thaf occupied b;‘higtaminc), the protectihq'&g§e of histamine
| provéﬁfﬁ\antaqonism of the othor‘population of recepr?&. It shoU]d

be noted,\howeveﬁ that add1t10nal hypotheses would then haV6~t0 be

invoked- to exn1a1n the mochan1sm by which phenoxybenzamine is able

-

\\.‘

BN

to alkylate the one population of receptors in the presence of such \\\;

High concentrations of histamine.
b N . .

If, in fﬁis scheaé\\activdtion by h{stamine of any 1% of
the receﬁtor popdlation resy%fgd in maximum tissue response then any
-haloalkylanmine, under'éohe exééhjmenta] éircumstances, shoyld‘pro-.
duce the éame shift of thé'dose—re§56n§e curve before depréssjon'df

{

the maximum response. This would arise because irrespective of

.

whether the site was alkylated or merely éuﬁjetf té tight binding of
aziridinium ion, unde;‘some éxpe;iménté1-conditjons the apprdpriatep . 5
_critical fraction of receptors would remain free thus re§u]§ing in -
the maximum éqyai]el shift (2 loq units). The maximum shift is still

a property of the system, and thus the finding of di?ferent maximhm

shifts of the dosé-response curve is not aménab]g to ready explanation.



e

. : . . o . :
[t s possible to explain different magnitudes of parallel shift of

®
the dose-response curve bv assignina different roles, in terms of

the excrtation-contraction mechanism, to the receptors. Thus, acti-
vation of any 1. ot the receptors would yield maximumresponse but
blockade of any portion of the "non-alkylatoeble” population would

cause depression af the -maximum response. Blockade of various pro-

portions of the 99 of the "alkylatable receptors” would cause shifts

nf the dose-response curve (as in the "spare-receptor” hypothesis - ¢
. : yp ‘

Chapter I - Section G). Under these'circumétances, blocking agenté
with a nigher affinity for the “non-alkylatable" receptors could
depress the maximunt response beford saturating the "alkylatable"

receptors thereby producing dose-response curves not shifted 2 log

units but with a depressed maximum response. These added assumptions,

concerning the lack of protection with histamine of the “alky]atab]e" 

receptdrs_and the differing roles with respect to contraction make
this hypothesis if not improbable, at least cdmplex and a number of .~

assumptions are invoJVed»fér which there is no phafmacbjoqical'pre—
cedence. A similar hypothesis, however, proposing twé aistinct‘
'v~hgloalky]6mine binding sites a;sociated wi;h'one recéptbr presenté
»an‘attraatiyo Slternative. »Iﬁhor¢nt in this hypothesis arebexplaqa- .
tions for thevdiﬁhotomy in the ;eceptor—%rote@tinn observéd witﬁ
;histamihe and thefmq*imum,a-Haloalky;amine—inducéd §hifts of fhe"

"

dosc-response curve of differing magnitude.

14y
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G.  LXPLANATION OF -RESULTS IN TERMS OF TWO BINDING SITES FOR
| o | ‘ ‘ » )
- -HALOALKYLAMINES < « : :
The preceding discussion outhines how many of ‘the experiments,

-

dealt with in this thesia” andicate that separate mechanisms may be
responsible for “-haloalkylamine-induced shift of the dose-response

curve and the subsequent.depres«<ion of the maximum response. An-

.other way of explainipg this dichotomy is to propg&e two separaté

binding sites for thb\zzﬁi%pion of these two staces%of blockade.
Precedents already exist for the concept of two. “-haloalkylamine

bindinq sites on one receptor in the «-adrenerqic receptor system | ,
S
(Mordn, Swamy, and Trigqgle, 1970 Janis and Triggle, 1971; Swamy

and Triqqle, 1972) and the acetylcholine receptor system in rat

sjejunum {Maran and Trigqle,.1970).
v ‘ '

. /( )
“This hypothesis, as applied to the hisEaﬁine H, receptor 1s

4 moditication and extension of the two-site hypothesis put forward

\

'by Moran and Trqule (1970) for the(acety]thdline receptd}. Moran

\
and Trigqgle <uqyested that in torms of tﬁis.hypothesis thé acetyl-

N

¢ choline receptor consists of a bindinag site- for the'quaterngry head

ot all agonists and two_adjacent 3ites,t0-which bind full agonists
(such as acetylcholine) dnd partial agonists'respectiye]y. This

latter site is alkylated by low doses of R—haloaTkylamine} the régylg
o : ' R e
being the depression of the maximum response to partial agonists -

. . M R ; ‘ ‘.
(the binding of partial agonists would be prohibited by the presence

of the }-haloﬁlkyiamfne) and the allosteric perturbation of the ace-
tylcholine bindinqigite.‘ This allosteric pertufbétjon wou}d result
in a decreased af%inity of .the Fecepton.for acetylcholine. This would

)

cause o shift of the dose-response curve with retention of the maximum
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response. At* higher doses, the -haloalkylamine would block t%g
conmon‘bindinq site which would then produce a decrease in the'maxi-
murt response to all aqonists.  The two  -haloalkylamine binding sites

could therefore be described as' the “"shift" site (bﬁndinq nf antaqo--
. //

nists at thic site results in g shift of the dose-resbonse curve to

.

&

ful]caqnniats) and 4 "depreéssion” site (bindina-of the antaqonist
at” this ﬁito.results‘in tée depres<ion of, the maximuim response to
all aqonists).
Théro is no reason to suppose that, the two binding sites for
-haloalkylamines associated with-the histamine H, rcceptor bear any
re]atithLU the sites described in thevMoran and Triagle (1970)
hypotheéis. It is loqgical, however, to assign the mediation of the
shi®t of the doee;reapon%c‘curve to one site and the depression of
i maximum response 10 the other in lith.of Fhe results implying
‘the difterent nature of these two phenomena. For convenience, there-
A’nre, tﬁe terms ”shfft“ site and‘”depression" site will“be used to

describe the two  -haloalkylamine binding sites for the histamine

receptnr. ,
. . . . 3

~

it The Shitt of the Dose-Response Curve

The d]Pylationﬂof'the "shift" site'would result in the pro—

ductinn'of up to a @ ]Oq unit shift in the dose-response curVe . Th1s

,ItC wou]d appoar to be separate trom the bindina site for h1stam1ne

A -,

sihce very Iarqo dn;es of hl%tam1ne fadil to affect dlkylat1on of this
site by antaqonlste. As there is no need to invdke spare receptorsﬁ,
ih thir, scheme there would be nb'reasoh to supnose that “the-concen-
tration of h]ftam1ne wh1ch 1roduted thn max1mun response was not g

>

Qccupylnq most if not all of the receptbrg. The fact thht 100
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times this dose of histamine does not affect the c-haolalkylamine-
mduced <hift in the dose-response curve andicates that a copgrate
him_linu SiLey Trae that for hrstamine, most Tikely mediates this

4

process.  Since partial adonist; are perhaps somewhat Botter aggnts
\

for protecting g4gainst the ; -haloalkylamine-fqigcas 5417t
in the dose-response curve, there could exist a:similarity bétweeH
the "shift" site in the‘Moran and Triggle two—sife hypothesis and the
”§h1ft“}site for the histamine «receptor. Thjﬂ'data, hnwevef, cannot
be considered unequivocal in 1ight of the aqonist-a%taqpnist themical
fnteéacfions described 1in Chaptef-I:{ - Sartign L. | |

Im-terps of the Moran and Triqqie hypothesis,rthe allosteric
perturbation of the :eceptor results in a decrease of the affinity of
the druq for this receptor. If the a]ky]gginq aﬁent cauées the "sh¥ft"
nf the dose¥response by decreasinﬁ the af(ihity of the drugs for the
receptor with no.concomitant effec£s on the _ability of.the Stimu]atedl
receptor to cause confraction, fhen in the absence of spare receptors -
it would be expected that dose-response curye; shifted.l ]oa‘uﬁif or
less woutd differ in slope from the contrnl curve. The curve for the
b]éckéd preparation might be expected’to-be“ékewed such that, .at low
doses of éqbnist, the.remaininq receptors with normal affinity fof..
histamine would be activatéd and the dose-response curVe in thjs
regioq would reéemb]e that of the cohtrol.

As the waximum reigpnse'is-approached, hqwever,~theiaqpnist
would hqve‘tc stimuIate,thefieceptors yith\a decreased affinity for
.'hiqtémihe thus, higher éonCentrﬁtions woﬂld>havev$q be employed'to
échieve makimﬁm reéponée. In ghis way;‘a_sma]lek SIOnp than control

would be expected in this reqion of'the»dose-response,curve. As seen
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lnvrlq. 39, however, thera]opeﬁ nf the shifted curves appear to be the
Larie ac the control curve (with thé~exception of the maxima1]y shifted
curve which has @ slope that 14 greater than control) thus the alky-
lation process appearﬁ‘tn produce 4 dose—respnnse curve which is
parallel to the control. fhiz would indicate that the allogteric
perturbation caused by :-haloalkylamines prodq;es the shift of the
dose-response curve by impeding the mechanism bh which a stimulated
receptor initiates contractiongand not by interferind with the actual
binding of histamine. to the receptor

As stdted oarller there is sufficient evidehee to imply that
the “shift" site is alkylated by f—ha1oa1kylaminesl This site appears
to be alkylated with qgreat fac1]1ty since the shift of the dose-res-
ponse curve cap be achieved with exposures of tissue to r-haolalky-
Famine for very short t}me periods. An_ irreversible shift of the
dose-response curve cah.AISd be produced by incuhation of tissue hith
,—ha]oafky]aminevih the presence of high concentrations pfvthiosu]phate

ton. s .

11 The "Depression". Site s
i . / : : ~ ¢
’ // . » .

There is very little Qéta,,at~present, capable of providing.a

_ Clue as to the nature of ;he/“depréssion” site. Binding of antaqon1st

to this site, by def1n1p4on “causes. depression of the maximum response

It s tGthlnﬂ to as me that the h1stam1ne binding site and the

re one and the éame but at'present the data which

"depression” Sitqg
inconclusive. The protection afforded by various doses
of h1stdm1ne naral]els the pharmaco1oq1cal effect of these doses of

'_west dose of aqon1st which can ellcvt the maximum
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reshonse (and therefore presumably stimulate most 1f ﬁot all ofﬁthé
receptors assuming no receptor reserve) is capable of causing a
\qu3f5Cdnt differenuo‘ih the phéﬁOxybenzamlne—induced depression of
maximum response (fFiq. 72). The fact that this antaqgonist-induced
depression of makimum.rexpénﬂe o0 sensitive'to protection with
rela;ively low doses af histamine (wiih reqard to protection sfudies
in general) indicates that either the “depression” site.is the bind-
ing aigc for histamine or that the: binding of histamine to the recep- .
tor gnducos an allosteric effect on the “depressjon" éjte to antaqo-
nize the binding of a£ha10a1ky]amine.

It is possible that the histaming binding site and
"depression" site are allosterically linked. Although this would

complicate the hypothesiis (perhaps needlessly at this point) it cannot

a
[}
'

be 1gnored.

1

. Althouqh-the bond‘between the "depression” site and the ;-halo-
(anqnz%nne is strong (tﬂ = 1150 min for reversal of blockade), it does
not appear to be covalent in nature. The se]ectivéﬁ;éVersai of the
ohenokvbonzahine-induced dépfeSSion of the maximum response inditates
the reversible nature of.the-aptaqonism due fQ‘binding of b]ocking

agent at the "depression site”. It is interesting to note that while «

the "depression" site described for the histamine receptor and the -

binding site for quaternary ammonium moieties of agonists are quali-
: I'd

tatively similar in that binding,of.p-haloalkxlamine%té?the latter

" group also produces depression of the maximum response to full agonists,

v

'there are also differences. .If coulombic attragtion is to play.a role

in the binding of agonist to receptor, as Ahere is reason to believe,

then the binding <1te for the quaternary head of aqgonists would possess

‘v
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voeaatively charged cherioal aroup which in the case of the acetyl- '

cnohime receptor 3o talbylated by the electrophilic aziridinium ion

St the adtoalbviamine, Phe “de recron” sate foe the histamine
egep o g e 4 amytar cherircad group (which attracts the
porrtively charqed azirtdintar inn) but either it mav not ‘be of -

suttable reactivity or the  -halealkylamine binding site may not

witow the proper binding of goirvhniun™ion to allow o covalent bond

-

T bhe tormed,
SMPEA appears fo 1ntcrféro with the binding 6f phenoxyben-

[amlnP‘tﬂ,the “depression” cite: As étated earlier, pretreatment of
the prepdaration. with DMPLA does not preclude phEnoxybénzamine—}nduced
depresainn of the maxfmum r¢<pon§e and a possible mechanism fér this

etfect would be the part il bldekade , by OMPEA, of a portion of the

o !

“receptor required for the Linding of phenoxybenzamine. It is possible .
“hal the OMPLAT Ccmuch more reactive alkylating aQenQ,than'phenoxyben-

swnne, alkylates to o suitable chemical group and partially arcludas

Sdepresoaan™  ate. Tt oa1s interesting to note the lacﬁ of effect’
H%IUMPFA protreatment oh the resnonse to histamine, A]fhough this
ould be interpreted as evihenceﬁfhat the “depression% site and the
Sindinng a]to,fnr'hiatam§nh.are separate, there“}s no Qrgriori reason
o, suppose that all of the phenoxybenzahmine molecule binds solely %b ol
' ' - %

the histamine binding site. As there could be some overlap to(ﬁther
. : . )

: - L .
nortions of th®receptor macromolecule, antagonism of binding to the

"slepression” site need not be accompanied by antaqonism of histamine

3 v
o

bindinqg.

.
-
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i11) Concurrent Binding of ~-Haloalkvlamines to Both Sites

\

One of the qreatest advantages of this hypothesis is the

-ability to account for parallel <hifts in the dose-response curves y
of.different magnitude for different antagonists. The'maqnitude of
the para]iel shift w0qld thus not reflect the blockade éf'the recep-
_ tor-reservejjin terms‘e% fhis hypofhesisQ but rather the differential
affinities of the e-haloalkylamine to the two separate sites. A
—Haloa]kylamine such JSFTB might possess a greater affinity for the
“depressron“ site than‘does an agent such as phenoxybenzamine. “CR
would then bind to the "depression” site before all 0} the "shift" l )
sites are saturated, thereby producing a depressed maximum response
tegz\}s acgompan1ed by a smaller sh1fﬁx¢han for phenoxybenzamlne
When dealing ‘withs two separate chem1ca1)react10ns with differing rates
{the binding.of ,—haloalky]amlnes to the two different sites with
differing Ka's) it would not be expected that one react1on cou]d be
brought to completion (binding of antagonist “to ”anfi“ site to cause
2 Tog unit shift) before initiation of the other (binding of-any block-
g agent te "depression"” site). Thus the 1.53 log unit shift of the
dose-response curve represents the maximum djfferentiation of these
two_bihdinq proeeeses for 773in the sense that the maximum number of
Jshift” sites are not alkylated before depnession of tﬁe maximum res-

ponse occurs. For phenoxybenzamgne, an agent with apparentfy a greater

affinity for the “éhift" site or/eﬂ§ha]1er affiﬁity er the "depression"

site thanfry:, the max1mum d1fferent1at1on between these two b1nd1ng
processes is greater and a2 loq unit shift of the dose<response curve
can be ach1eved be?ore binding of antagonlst to- the “depre551on",s1te

The magnitude of the paraltel sh1ft wou]d thus depend on the chemical

&

v
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structure of each antaqgonist and not the size of the receptor reserve.
Such a hypothesis offers much moro-flexibilitv in teis of explaining
the blockade produced by irrever<ible agents than does the "spare

1t

receptor” hypothesis.

It would be boséiblc, «nd indeed proQabib, that in the absence
of a scavenger for aziridinium ion such as thiosulphafe, the
higher concentration 0f>frev aziridinium ion in the medium would

saturate the "depression” <ite and thus cause deprgssion of the maxi-

mum response before complete alkylation of the ”%hi'l‘ sites. This

was found in our Studies,(Fig. 35) and those of Cook (1971) and can be

explained by the binding of phenoxybenzamine to two sites. It must

be remembered that although the "shift" site appears to be very readily

alkylated, the concentration of the ;-haloalkylamine is very important
. ~» .

when considering the magnitude of shift obtained. gﬁ

There is no reason to suppose that all ,-haloalkylamines should

- 7

produce the same deqgree of allostoric'pcrturbatidn'to the receptor.

his could also account-for the differing maanitodes of shift of the
anse-response curves before the denression of ‘maximum. It is suqgges-
Live, however, that the dosc-response curves with depressed maxima

caused by the three ;-halnalkylamines appear to be shifted to the

right to the same extent. This implies that the "shift" sites are

saturated at this point and that the allosteric perturbatinn imposed
on the ;eceptor by all thfee aqéﬁts is the same. At preééht, ther@
j: insufficié?f data to assume either exé]anation as’being unequivb—
cally correct. . |

By proposing two binding sites for !—halpalky]amine§, the in-

¢

consistencies found when explaining the data in terms nf spare receptors

&
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" do not appear.  Qualitatively <imilar s the‘hvnothesis based on the
symmetry model proposed by Monod, Wyman, and Changeux for allosteric ¢
proteins. This model, however, defines the @ijsteric compdhent of

the blockade in molecular terms and thus warrants serious consideration.

:  MECHANISMS OF ALLOSTERISM IN RECEPTORS B O
| N

5 ' o
One of the basic tenet%@of the "two-site" hypothesis is that
A

&
the alkvlation of a site distinct from that required for histamine

binding, affects the activatibn of the receptor by histamine. The

mechanism describing thLS "transduction" of an cffect of alkylation on

a site by phonnxybenéaminé to the ﬂistamino bindfnq site can bv analoqy

be qiven the name allosterism.. Tnere are many examples of allosterism

to be found when reviewinq.sub§¢rate, inhibitor and activator effects

oroenzvmes (mostly mctabplic.enZymcs except for the:protein he&anobin).
The main reasoh for considering allosteric ihtgracfions 1s

the observed capacity of certain proteins and enzymes to respond to

*Qemical agents possessing structures totally unrelated to that of

~0 _ ° .
‘ 1ﬂz\§ﬂﬁffizxn\wﬁfecule. There is a teleological arqimant  for: the

\

_existence of Buch a control mechanism when considering enzymic path-
' .
ways within the cell. Often the rate of a series of enzymic. reactions

15 most easily controlled at a-stvp_fdr—;emoved from the final for- .
mgtion of the end product of the reaction. ‘The ab{]ity of the enzyme -
requiring the control to respond to binding of the .end product of
subsequent reaction%v(thig end'prnduct often possessing no structural
i larity to the substrate for this.enzyme) would thus Se an excel--

tent advantage. ~ Such a mechanism would Be ideal for centrolling

protein synthesis in mechanisms such as genetic repression. Monod,
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CWyvman and Changeuy (19655 i1lustrate thear conception of allosterism

23
vt approprate quote frorcbr o Bacon (1620) - :
TTU s certarn that ol badie o whathoever, thougl they have

no sense, vet they have perception; for when one body is
applied to another, there i< o kind of election to embrace

. that which i< agreeable, 4and to exclude or expel that which
15 ingrate; and whether the body be alterant or altered,
evermore a perception precedeth operation; for else all
bodies would be 1ike one to another."

Descrintions of how an'”allosteric effector”.(the‘agent which
attecte the b;ﬁdinu of tﬂo cub-~triate by binding tn a distinét site)
actually caules the change in the active substrate binding site are,
at this p:}nt, nebulous. Most often, the effect is described as
beina due to a conformatinnal chanqge in the-proté;;. One possible
pechanism for 4110%tefiﬂm in proteins consisting of subunits, would
Le the movement of the subunits with respect to each other. There
wreoa tew o instances where allosteric tfaﬁsitjons inyolveithe breaking,
termation or substitution of bOnd; between subunits (Monod et al.,
3. Anothef possibility would be the redis%ribution of charge of
the protein. Although changes in charge Qist}}butjon usuale effect:
concomi tant é(ﬁfOrmational changes of proteins, %tjis bossib]elfor
such 4 mechanism to p}oduce'an undétéctable alteration®#of:conforma- .

' : : _
tion. it oin 1ntpr(§tinq to note that interaction between the requ- ‘
Litory and active sites of threonine déaminﬁﬁe.is tost at hiohipH.
Suth behavior 1mp]iés that that allosteric transitions could aepénd"
. ono1onization of certain critical qroups. This is similar to the pH
'effuctv5} the binding of‘oxyqen to hemoglobin which cou]d be an
cxtencion of the n]losteric interacti0n3 be&ween the‘suanitS'Qf tﬁi%‘“

orotein thought to be mediated by 4 redistribution of charqe‘(for a

aohplotv_di%cuaﬂion of this topic see Monod et al., 1963). There is
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still insufficient data, however, tovdeﬁerminc the exact nature of
the allosteric transitions. [t i% {nterestinq to note, however, that
in most enzymic systems shown.toipxhibit'a11osterisﬁw this effect

s blocked by agents gnown to react with certain acid grodps (i.e.,
thjo1,¢3midazole). The aziridinium ion; kno@n to react with many

nucleophilic qroups, would therefore be an excellent candidate as

an allosteric etfiector. N

I. THE TWO-STATE MODEL

Another method of explainingrthe res 1tsrérésented'in this
thesis is with a two—stéto model for the histamine receptor. Two-

<tate models have been considered when describinq conductance changes

PR

observed with agonists on the postsynaptic membrane (for review see

Colquhoun, l975f and "the sodium ion-translocating mechanism in epithelia
. ‘ . ‘ .

(Cuthbert, 197da, Cuthbert, 1974b). Although, there are a variety of
4 _ : ‘ . o .
tvo-state models from which to choose (for a review see Co]quhoun._1973) ~
*Me one most often utilized is the Monod, Wyman and Changeux (MWC)
Ty - . _ ) . o
model also called ﬁhe svimmetry model (1965). The nodel assumes that

A

the recentor consists of a number of subuhits (termed bfotomers) which
Form onc unit termed the oligomer. It is possible that a reeeptor be
a.monomer consisting of only one protomer and in this case the oligomer

and the protomer would be one in the same. The protomers would be in

one of at least-two possible conformations and an axis of symmetry'

A .
-
...

would exist *for ;he oligomer such that the various ﬁrotomers'wou]d
occuby lnuivalent'boéitions. When ‘the ologomer (the fecaptor)’changes
conformation from nne statérto”annthpk, fts a*js of symmetry is con-

’ serQ@d;'thatﬁiz all of the prot5mera would_be'conspfaineg to adopt'the

[
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e conformaton. Drug. would have diftorent aftinities for the twd-

states of the protomers and would therefore <hift the equilibrium

{‘. \

between these:tun-states by binding preferentially to one-state. Tﬂis
would <hift the equilibrium between the oliqomers (the receptors).

A discussinn of how drua« affect this-equilibrium between the

N

two receptor forms (te?meg R, the fractive state and R*, the active
state) 1s given in Chapter | - Sectfﬁngl and need not be repeated.
The following discussion widl be miinty (Qﬁcorneﬁ with the possible

sechanines by which  -halnalkyvlamines coul;\gffcct this equilibrium

N

betyeen receptors and subseauently the"rcsnon§e to histamine.

Ltabilization, by “2-haloalkylamine of the inactive form
Y N [
of the receptor would shift the equilibrium fuhther from R* to R. The.

riult would he an increa.e of the allosteric constant L ([R]/[R*]).
A hown i Appendiy T INCreanes in the atlnsteri¢ constant tan cause
rardallel shifte of the calculated stimulun-concentration curve with

retention of maximum response as defined by the equation

‘f —— ( 1‘:.-‘:. _.’ x.)_.n‘A____ ‘ ' :
I+ ¥+ con . c

¢ P fraction of receptors in R* state

R Cnarmel i zed 1Traand concentration ([dqunlﬁtJ/KdR)
; \ - . o . . . /g’ .
noan Tinteraction coefficient” - can apuroach but .not exceed

the number nf o adentical subunits making up the receptof

L the "allosterie constant™ [R]/[Rfj

affinity of drug for #/affinity of druq forjpf_jdjf

o should be ctrecsed that uupthalcqutihhﬁ‘hnlxgﬁerve to show

the “Toxibility o the theoretical approgch and canngt” be used as valid

e

fg/“ﬂDWQVerﬂ that thjﬁ

~

supportive evidence. It 1 intereqting to no
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aoprodch is_oapable of predic{iog many of thé experimental findings
with ‘—haloalky]amines. : ¢

- It has been found that effectors are theoretical]} capable
of changing the Hill piot slope of Stimulus-concentration curves 1ike
those shown in Fig. 79 (Rubin and Changeux ]966 Karlin, 1967).
Chanqes in the slope of the Hill plots for dose response curves to
histamine with dibenamine treatment have been observed by Kuhnan-
_Clausen (1974). A bell ohaped curve defines the relation between
the maximum slope of the Hill plot and,;he log, -, of the alloiﬁeric

constant (loa L). Thus, not only does_this theory predict decreases. »

in the slopes of Hill plots with allosteric effectors but also, dépénd-

inqg an the orid&nd] value of L (in the unblocked receptor system)
increases in the slope. The slope of the Hill plot may increase and
then decrease as the allosteric constant: gets progressively larger.

1

This would be an intriguing possibility when considering the paradoxi-

“ ol increase in the slope of the dose-response curve that is maxlma]?y

shifted to the rlqht with phenoxybenzamlne (Fig. 39). The connection

“between the wlope of the Hill plot and that of‘the dose-response curve

©1a tenuous however (see Chapter I - Sectibn 1 and Appendix I) even
tnough the  experiment achieving the 1rrever31b]e shift of the dose-

TOSPONSe Curve 15 carrled out u31nq the nu]l _method (compar1son of

/

Section C) : « ‘ B . : ) v

If '—haloalky]amlnes produced the sh1ft of the dose response

154

equidctive doses hrfore and after blockade) A more serlous cons1dera- o

Linn 1s the quality nf data used in these ca1cu1at10ns (see Chapter II1 —-f

curve and ,ub,oqu¢n* dupyprslon of the maximum re ponse bv progress1ve1x

lncredﬂlnq the value of the allosteric constant (see/ qu 79), thén a]l,
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-haloalkvlamines would predictahly produce the same maanitude of

parallel shift of the dose-reaponce cyrve with retention nf the max sum
e oone e Thie w““]‘d lead tn the ame ednaryi b e in many of the
' _ ‘ . Y
oxperimental results presented in Chaptor 11T as did the "-pare-
recentor” hypothesis. Aq the reoults imply that the shift of the dose-
respanse curve and the denressinn of the maximum response are mediat-
ed by separate procesces | thepe mgat be an alterpative mechanism for \

the depression of the maximy rﬁgnnnﬂﬂ fo‘o{anr in thisg sghpmp.
-+ . .

It is thporﬁtira]]{ possihle, however, that the aziridinium ion
of phenoxybenzamine depresses fﬁn maximum.rpsoon%o by direct]v,bindinq
to rnb'u form of the recentar thereby preventing activatidn to the D
form by higtaminvl.ThiS would he imnlied bv'the sensitivity to nrotect-
1on by hiﬂL@mipﬂ dixn]aynd‘hy-rhbvnﬁennxvhenzamine—inducod dpnrpssibn of
the maximum response.  Under thege circumstances . the azir}diniwn ion
Wit jngrﬂq%n‘thw vﬁ]un ot | c; hnfn;v‘ hat h; a M fferent mechani§M.

CThe concentratinng of Hiffprﬁh? ’—hAlOa]f&lmﬂinP ronuiréd
o d“nrwaa‘?hn MAY 1M resnanege whuldldonﬁnd nn the'rﬂldtive affinit;
0t theagent for thb twb rvcepfnr states Poand P*. The increases 3n L
'-{ru L7} caused by r-haloa]kylaminp_éttihu as anrallosforic affector

Are oy the feliowing eduation (Rubin and Chanaeux, 19AF):

P .

o4 "

._: 1+

s ' i
i) -

: i L . -
~concentration of allosteric effector”

N

d - attinity of effector for R/affinity of cffector for R*”‘,A

N .

D

& - Thys it cin be oeen-that increases in « (hfdhnr concentrations
" _ v ne
I A R : - ' { . . '
of phenoxybenzamine) WO%1“‘YHCYPJGP ', and subseauently denress the

) . . : - o s . 3 . .
- maximum responsd. The reverse  wnuld be trueias well: as a scavenaing
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‘nent such as BSA or thiosulphate jon removed phenoxyvhenzamine azir-

E idinium ien from the receptor, | would decrease and the denprecaed max-

imun recponse would return to that of control (as @ decreases, |' dec- ‘

\

reasas ). Thus the aziridinium ion would he consjderoﬁ to pPssess "nea-
ative efficacy” with respect to the histamine rpceﬁtnr.'lt would norm-
ally be very difficult if not impossible to deteﬁt ”néqatiVe eff%cacy"
fdr any dqiven drua because ‘the nuui]fbriuhi ip the abhsence Qf aagonist,
wnu{d 110 heavily toward the P form of the récpntnr. As L‘increases, o ;
however, the éfate fuﬁctﬁnn defining R, the stimulus, hpcomés much IN\

more. géncitive to further increases in L thus these could, in theory,

b detatod. 19 1¢ i+ assumed, i.owever, that --naloalkylamines prod-
2y ‘ '
& : v ,
ute the nift of the dose-respunse furve and subsequent depression of

the maximum response by simply increasing the allosteric constant,

vlbedt at 2 different sites, certain experimental results cannot be

caplained. In particalar, under these circumstgnces a depressiontof the

A . >
maximum response should never occur before the dose-response curve has y
) /
i
A

been shifted 2 log uqiti; All :*haldalky]aﬁfnes %On1d also produce

the same maqnitudv Bf ShiftAin the dose-response curve if ifcreases in
L owere the sole d@t@rmfninq factér in the blockade. \As seen in Chapter...
III,.ho{h n1 thun; af foets, hhyh béen 6benrvod,thu%'an alternativg WUSt
b ponéidwred}‘Thé mos t ]ikeTy'EOQSipi]ity'WOUId be that +-haloalkyl- =
anines, modify the differeﬁtia] affﬁnity of»hisfamine for the two receptor .

/ . .
torws. 1f the atfinity of histaming is increased for the inactive form

+
‘

or—decreaxed for the activo form at high 1eveTu”0f L, the max i mum resp—
- onse would be dnprossed (soo ADD(Hd]X [ and qu a1). Such a hypoth- - L
esis would no(pﬁsarlly 1mply a Svaond allostpr1c 1nteract10n whereby th1s

. change of aff\nltles could be ach1ovnd



This theary wnuld\!.‘u:n Lo .fu combonat pon of the two rte hvpo
TR tode v rabed ey Boran .”“J' ivagals lf")/’()). v the two- - tafe
‘nypnthuu|,L fecause the drtterd n'14] dffanrtwv; nt tﬂe two-sites
responsitle for th{’chahdeg in L would not necescarily be -the same for
al].A-qalQa]kv]hmines, then different magnitudes in the shifts of the

“dose-response curve. with retentior of maxdmum cqyld;occur. The situa-

» . N
tion would be exactiyv analoqous to that for twe hinding sites (the

st and the "depreccior’  oate) only the twn-otate model provides
molecular mechanism for the hift of the dose-response curve and

Lhe depreasion af the maytium reanonse.’ Stabilization of the(jnactive
k)
, ‘ A (
forr: of the reteptor could occur by alkylation of a site distinct

from tueonistarine binding Lite ("<hift” site) thrnugh an allosteric
mechant e while the depcession of the maximum .response would be due

troreviersable binding of the astridinium ton to the R “orn of tha

» -\Dt‘»p"

Lit “Ots” this hynothes" v LUnCQDtuaIly attractive, there is

very Tittle evidence AVaxlable to test 1t. It>is inténestinq to note

.
L 3

that this hyvpothesis nrovides an oxplanat1on for the puzz11nq f1nd1nq

\

tnaloestiates of affinity fur potent agonists are I/JOQoiaf’those of

’3n:,d'Jv)" I S ,, 1”’. absonce of ‘dbruq, the el]U]] "bvrium betWGEH R.and )
x ’ B - - ,‘ A
e heavily “toward the P form .then the measured affun]ty constants

Y

‘WQu 4 heoan 44(raqe nf the affxn1t1es for he two forms heav1]y we1qhted
&deru.P. ‘Ax the affinity of antagonists for R is by deflnjt1on-much
.ureater than the affinity of aqonists for R, dichotomy in-the measurea

df?1ﬂ)t/ (onstantf would be. oxpe«t‘d It would also be oxpected that

AN

AT othe chVﬂijon of the maiiium v“su1t Was a rC:DOHSC ot b‘"d1”9 of .
°

3 .
i 4

_antagon¥31 to the R form. then the fpcility.with which_various;agents

g . ot



could protect against this blockade would parallel théér affinity for

the R form (i.e., antagonist  partial agonists - full agonists). This

was observed 1n the protection.studies shown in Chapter II1 - Seotion T
but‘the chemical 1nteraotion between the partial aqonist and phenoxy'~
benzamine make the results inconclusive. There is some evidence for
~the existence of. two-states for the cholineroic receotor,médiatioq
" conductance changes (Ranq; 19735 Colquhoun, 1973) although a recent’
study <hows thdt a range of different conductances can be ach1eved
" with various drugs (Colquhoun ct al., 1975). Although this result
can be interpreted as evidence that the open state of the sodium
chonnel is not the same for all agonists (as predicted by the two-
state theory), Colquhoun makes the poior that variouslconfiguréiions
of tho open channel, each having a differont conductance, oou1d exist
for various drogs. 'Local effects on pH and field strength alsojgfnnot
be ignored thus this is not a serious problem inlterms of the th-
state hypothesis.

None.of the studics on the two-state hypothesis reported to
ﬂdate have specifically been ;ohoeroed with the histémine receptor.
Althoooh the transitions between Hy and an H,-1ike receptor occur with

Y

temperature in quinea pig ileum (Venakln et al., 1975 Cook et al.
1975) th1s on]y 1mplles that the h1stam1ne receptor can exist in mare .
than one state under dlfferent physical cond1t1ons and "has 1]tt1e :
bearinq‘on the two-state model. There cooldr“however be a épnnection
between . those receptors for wh1ch the two- state theory readily app11ed
and the hwstamwne receptor. The two-state hypothes1s 1s well-suited

to exp]aln the results with 1rrever51ble b]ockade and also prov1des a

moleculor mechaﬂ1sm by which this .can occur Further.exper1mentatlon

i

15p
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15 required, however, betore conctusive results can be obtained.

-3
J. DINCUSSION Of PLLATED TOPICS

The experiments contained 1n this thesis were designed to
elucidate the mechanism of blockade of the histamine receptor by the

© . -haloalkylamines. Some of these results are interesting in their

own rights but really have no place in the discussion on spare recep-

tors and sllesterism. The three main results in this category are

the stimulant properties of the aziridinium ion of DMPEA, the effect

nf mercaptonyruvate on blockade by phenoxybenzamine and the impli-

. / .
cations of desensitization on the blockade of the recepgor.
1) Stimulant Properties of the DMPEA Aziridinium lon

Tne results in Chapter [il - Section J indicate that the aziri-
dmiam ton of DMPEA is probably responsible for the agonist activity.:
¢ Coe ¢ . . . 3 .

N
-

bbserved in guinca pig ileum. The fact that this agent stimulates

muscarinic receptors can be deduced from the differential sensitivity

t

of the'muscle to DMPEA-aziridinium ion, acetylchpline and histamine
. , , L .

“after bloekade by SY28, and the pA, studies. The one experiment in
. ‘ » N v :

wnich, the response to the aziridinium ion of DMPEfg 7cn§@sed ina

vféparation'of 11eum jso%ated with an *intact nerve supply (after 2 .

)

“hours of nerve stimulation ip the presence of hemicholinium) indicates .

that DMPLA aziridinium ion may cause release of neuronal acetylcholine.

This efféc; would have to be confirmed. It is interesting to note that
the aziridinium jon of another t-hd]oa]kylémihe, methylré-acetoxyethyl~
,2'-ch]0roethylamine (aCetylchéline mustard) is'alsq.known to stimylate

[} 1

the muscarinic receptors of intestinal smooth muscle (Hirst and Jackson,

, . ) \
19725 Hudgins and Stubbins, 19723 Robinson et al., 1975). - Althougt

g
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TaLTe thra glonate o presert oin isques that were pretreated

[N

TRrlartangrygyate . the abseroed reyersal of blockade must be
“ter2d 3 conseqguence ~° the tality of the parent compound to

ATt oalrevdieigm aon. “er aptopyruvate is.capable of reacting

'
A

AIterdves e ane Cfagth and ’Q¥bo, 1973) presumably at the thiol ~

oW D be oapectey tnat vt phenoxvbenzamine was causing the
o

Cotm oraxcegr reonnance to histamine by inactivating some

.

ceowiar crocems, antracellular mercaptopyruvate  (by virtue of
’ o . : . o
' T"a>\\;_,%/ Covenage srierdinium ion) would selectively pre-
[V . “

oAt T, cra e b gt ﬁhv}doprvﬁafﬁ% of the maximum re-

e Y Moot mreagtection wan observed, thus while the

Sto 4 rnanent ot the blockade of the histamine ¥Fesponse

Ty LR, : ;
fe T e et iV atar alipdation cannot be ruled out by this
. -

S e ente 0t g un11yekx1

teo v D eereacde ik they seldctive rate of recovery from

Lrhe gt e ey doo%b:31onf f the maximum response is

537

Yeoorvnie of tha mercaptopyruvate since the tissues

s S : - ‘ ,
“'ﬁi?“Ta‘%"v- taropatiy hurn. Mercaptopyruvate may either be

S teren A cema extracellular locus and be slowly diffusing

8 . ’
M
L
W
e . 3 '[
. P L
. r
. fori
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ii1) Desensitization as Studied with Phenoxybenzamine

AL tated Tin Chapter 1 - Section K, oit ix‘still urclear
Y I . o : _ .
whether desensitization to histaiime as reldated to the excitation-
contraction mechanism or 4 receptor effect. The action of phenoxyben-
Zzamine, at the concentration. utilized in the experiments in this
thesia, appeart to be confined to the receptor level thus using this .

«dgent, it becomes possible to derive information cancerning-the origjns:

o . ) ) —“.- .

of desensi{ization. ; N

: Irreversible agents possess certain advantages over reyersibly
. | :

acting drugs in the study of desensitization. The antagonism produced
by exbosure of a highly desensitized preparation, to phenoxybenzamine,

can be studied after complete recovery from the complicating effects

of thc dPSLﬂS]tizatlon o L "

n

N when u)inq these antagonists to determine whether or ot ’
: - , « >
desensitization is.associated with chanqgs at the receptor level, cer-

S

ain basic criteria must:be Satl“fled | .

[t szt first be estab]ished that phenomybenzamine at the,
concentrations and.exposure times employed, is binding to the extra—
ceiﬂoiartsorfaceAOf theﬂreceptor maoromo]ecu]ef Although the'uncytii-*
zeh form of this aqent‘is known to enter the ce]]svof the pancreas
(Graham et al.; 1968) and vas«oeferens (Graham et al., 1971), the <

[

experimentei conditions in these eXperiments‘ieo,to much higher-concen-
trotiohs"Of phenoxybenzamiﬁe and ]onger eiposure times that thoseioti-'
1izedﬁin this present stody There is muoh evideneegavaiiabie that

* suggests 4hat at 10W~concen¢rations, this antagonist binds to the extra-

| cei]u]ar surface of: the smooth muscle cel] membrane Furthermore, the -

biockade As 1argely congined to the histamine receptor as on]y minimai

>
. .
Pl a . o 4
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i -

antagonism of other agonists is obwerved at the-concentrations and
v { ;

exposure times employed (Liqna'&b‘ 3>). _Thege resutts strongly imply
that phenoxybenzamine, under thewe conditions, binds to the H, recevtor
macromolecule. There is no reason to supposé, however, that the ir-
reversible agent binds to the hiwtamine binding site; thus the defini-
tion of "receptor phenomenon” can only refer to binding of bhenoxy—
benzamine thnnm si1te on the receptor protein either alloéterieallv‘
dinked to or, in some other way} intimately associated with the his-
tamine-receptive active site. |

1f deSengitizatjon involves confowmational changes in the
receptor macromolecule then it might be supposed that‘these confor-
mational chanaes would affect phenoxybenzamine binding a§‘w 1. In
this reqard, it was found that maximum desensitization producdd a sta-
trstical1y significant difference in the ability of phenox}ben‘ mine

to both shift a dose-response curve and depress the max 1mum ;E%ponse.
‘ Ay /

[f, however, these difference% are a result Q{gthe desensitization,

then some correlation ‘should exist begpeen . ¥nd the measured dif- /.

ferenees in blockade. WNo such correlation can be demonstrated for the

differences in parallel shift of the'dase-respOnséacurve_thus it s

difficult to interpret the significance of. the 0.39 log unit difference
Y A
in the phenoxybenzamine—induced shift of the_dpse-respdnse curve -found

when comparing desensitized and nonadesensitized tissues. It is pos-
sible that desens1tlzat1on iny m1n1ma1]y affects the b1nd1nq of the
' phenoxybenzamwne respons1b1e for the shift in dose- response curve and

i

therefore dlfferences become apparent in on]y hlthy desens1t1zed tissues.

The situat1on‘1s somewhat less comp11categ when considering the

phenoiybenzamine—induced.dépressibn of the max imuni response ta_histamjne.'



As seen in Fig. 65, there 15 4 correlation between ¢ (as a measure of
de%ensitizatidn) and 'max (the difference between the maximum responses
of desensitized and nOH‘dv?PH&itlde tis.ues after both are treated
with phenoxybenzamine) thus it appears that desensitization involves

4 chanqe Jt the recentor level. Due to the non-specific. component of:
deaen51t1z5tfnn obﬂcrved‘(§iq. 63) the magnitude of |+ cannot be con-
‘s}dered‘ucaurdto. furthermore, it is impossible to d%ﬁfqn a gnique
valué of ¢ tod t{sauv blocked virvth phenoxybenzamine, as fhe prepara-
tion‘is‘rucovvrinq from the desensitization during the 3 minute
exnosure to antaqonist ( . changes with time). Thus, the actual per-
centage values of ., shown-on the correlation plot, can only be
‘reqérded as estimates. : . &

These ;esult% suggest that a desensitized receptor does not _ .
bind aziridinium ion with quite the faciltty of a non-desensitized
receptor.  This finding 1% simildf to those of Lestér (1972) in studies

“with cobra toxin oh.chqlinerqic,receptor%, MiTedi and. Potter (1971)Tﬁ;3“‘\

)

“i-bungarotoxin an muscarinic receptors, and Dryden and Harvey (1974) {
. _ —y I

with -bungarotoxim on skeletal muscle cells in culture. Rang and
Ritter (1970).f0und that deserfsitized cholinergic recéptors-were ﬁore
easily antagonized by certain d-huo]a]ky]aﬁiﬂ@swanq subseguently termed
the ﬁhenbmenon the "metaphilic effect". As the cdrre]atioﬁ between » :ﬁ
an? measure of irreversibTé blockade i these studies is oppqsite‘to_
that observed bv‘Rang‘(l973); the Hl're;eptor may be thnght td display
a "reverse metaphi]ic effecf“!%ithwreSpéct to phenoxybenzamine.

In molecular terms,’th;s effecflis besf described by: the model
for desehéitization for cholinergic reteptorg described b§'Katz_and'

Thesleff (1957). Termed thé'cyclic model, it defines an equilibrium



2

165

[

. @ :

between normal and desensitized receptors indicated bv R and R'
respectively, _ . ’

fat . .

ALRL - TAR - Respone
* slow
A Rl 7R
fast

3

It the d21r1d1n1um ion ot phenoxybenzamine causes depress1on of
Hax1mum response bv binding to the R for; of the’ receptor, then, de ensi-
tization of a portion of the receptors would essentially remove much
of the binding s1te for the blocking agent. _ Recovery f‘!ﬁ desen51t1-
zation would reqenerate active receptor (R' would convert to R) thus
there would be a substantial amount of unbloched R and the maximum

response in such a tissue would be much less depressed. The data 7

indicate that the alkylation by phenoxybenzamine to" cause the parallel

shift in dose- responsc curve isimuch less dependent on desens1t1Zat1on

and 1t would thus appear that the §1te which b1nds phenoxybenzamine

. to cause the Shlft in dose-response curve'is only minimally altered

by the proce<s of desensitization. )
The Kahé and Thesleff (1957) model of desensitizatfon describes
a desens1tlzed receptor which is LonformatIOna]ly d1fferent from a
normal receptor in the presence (AR' ) and abﬁence (R ) of agsn1st It
is poss1b]e, ho%7wer that the h1stam1ne molecu]e remalns twqhtly bound
to the recepton/for a considerable length of time thereby cau51ng pro-

®

tection aga1nst phemoxybenzamlne blndwng The experiments in which

h1stam1ne (10° 6M) was present dur1nq exposure to antagon1st and caused

u11tt1e dlfference in bloeéfde wou]d argue aqa1nst :a long lastlng drug-

receptor complex as a representat1on of the desens1t1zed receptor since



i O

. . . # . .
P - 1RA

this concentration of.agonist 15 ~ufficient'to cause maximum response

In g non-desensitized tissue. Thio point of view is valid if a.receptor

reserve for histamine is not‘gre sent in this preparation. Even if
there is a significant receptor resarve, the possibility of a tightly .

bgund hitamiMe-receptor complex . a representation of desensitization
R i - . &

appears unlikely as the presence-of 100 times the concentration of

Acnist causesless differenaﬁ,xn the b]nciade than does desensiti-

“#

atinn. - This concentration of h “tamine, (127 aP‘ i Sufficient to

bind to 100 of the receptors as.wuming a 99 receptor reserve.

@0

aopnssible methanjsm for ne%ensitizitiqg“to histamine inrfrachea
1.f'ﬂvinu' nroztaq]éndjn releasc has recently been suqnested (Grodzinska
et al., 197%), Exnosnre of thisgpreogration tn niqn doses of histqmine
udnses release f a prostaqlandin £-1ike substance which could either
au e 4 rnla;ﬁtiqn of the snmnth wuscie, az found by Fanuer'qndlco—
workers (1972), (nhysjoloQicgl antagonism) or 4 specific antagonism

of the histamine receptor. A]thounh spontaneous release of prosta-'*

)

alandin hat been b nrved Ain qu1nea p1q iteum (Davisdn et al., l972f

Entting 1;Vi salzmann, 1974) and although proetaq]and1ns have been pro-
nosed to be‘intimatolv involved w1th the n1stam1n?'response in this FE—
preparation (Eckenfels and Vane 1972T,‘n0 Specmfic re1ease; as a

résult of histamihe stimulation, has been charaeterfzed Ittis

1nterest1nq to note that prostaqlandln ]1ke substances cou]d p0551b]y

chem1cally inactivate phenoxybenzam1ne as the carboxy11c acid m01ety

N

of prostaqlandlns could form an ester w1th the t—haloalkylam1ne and

thereby reduce the antagon1sm‘ At present the prostaglandins stud1ed£ .
in guinea-pig Heum have all caused'contract1on (Bennet et’al , 1968; . .

Harry, 1968) and thus cou]d not part1c1pate in suéh a mechan1sm.

-

A
K

«
e o
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.DrOtCLtlﬁnv&Ud the role of dvcen91t1zat10n T ,__? ' “gﬁl‘h\'

- : B . ’ ’ /

: : \ - i
FPuvthermore . ta cause any noticeabile ot fect in phenoxvbenzaming /

7

!

viachade g qgreat deal more prostaglandin-1abe mdlﬁrjd} would have |

W t. o
. “ .

CL 4 (R . ) ;
- to be releas,ed, than has begn reported, tor our prepardt10n:j_ 0.6/,
nq-q"‘min"]‘ Botting and Sdlzmann\ 1974)" ) <

3 B

It apnoars that rPLPptnr leve] b1nd1nq of nhenoxybenzam1n¢
ist affected by dosens1tlzat10n and that therefore this desenszt1iat10n

1nvolves some k1nd of perturbation at the HI receptor Ik/lsArntei

.restlnu to note that while desen‘1t1zat10n Drnfoundlyfaffects the

e

»deor9531on 0of maximum reSponse by phenoxybenz/mxﬁe it does not appear

o

to have such effects on the para]lel shift 1nduc0d in the dose-res-

t
nonSﬂ curve by, this aqent therebf further 1mply1nq separate mechanisms

for the e proro: ses. - The concepts d1scu%sed here ralse 1nterest1ng

: 9

Cauestions quardlnq the high doses of aqon1ut roqu1red for receptor

e
e

o
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~

Basicélly three facts were

7 They were 1) -haloalkylamines pro dte an irreversib]e'b1ockade of

/

//‘ the histamine:gﬁﬁbohse the prime /%ature of which<is a Shift of the pe v/

14

/o dose-response. curve with no concpitant depression of the maximum

response, 2) the existing theorfes of druq artinn (OC(upat1on theory

ire., the Michaelis-Menten app )dch) had no ready nxp]anat10n for th1s

type of h]ockade, 3) the mos mwnonly cited explanat1on for this.

~ ‘effect was the “recaptor res-rve" hypothesis (a]though there was an
“alternative in the "two-si
¢

? theory put forth by Moran and Tr1gg]e,

l970)i’£ﬂﬁfrfﬁcia11y the édob]em ehpeared torbe one‘of differentiating
',hhetweenmtwo'hypotheses hut it‘Soon beeame‘apparent that it was mere a
;question d; bdsie'receptor methanisﬁs agdgthe‘cthideration of allos-
ter1sm in these macrdheletules
N : Since ‘the 0r1q1n31 propoea] in 1956, spare receptors have been
. <hown to be~¢he exception and not the rule The last two systems for which

. they dppedled yalld were the muscarrnlf 'eceptor of rat JeJunum and

the h15tam1ne receptor system of gu1nea plq 11eum Throuqh rather

!

v

h e]eqant experiments, Moran and Tr1qq1e (1970) put forth a stronq a]ter—

]\.
"nat1ve for the muscar1n1c receptor and certaln f:nd1nqs bv Cook (1971)

e

,ca;t doubts on the va]tdlty/fbr the scheme in qyﬂnea g1q 11eum for o

9
htstam1ne Erpukthe/experlments d]SCUSSGd e th1stthes1s, it appeared
/”-/' PR
”'that/tﬁ/é peradox1ca1 sh1ft of the dose response curve was due/to a co-~

e i

y*’/fus valently bound Spec1es Many of the re$u1ts a]so impd ed that th‘s 1f53e1




L

- that alth0ugh the “two%sfate"'hypothesis
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mediated hf separate binding sites. This could not be reconciled with

the "@ceptor reserve" hypothesiﬁwthus an alternative had to be con-

Pl

sidered. : & - . o

The exper1menta] findings were amenable to exp]anat1on by a

Ttwo-site* ‘theory much like the one propoSed hy'Moran_and Trwgq]e (1970)

I't a]qo fit very well into a re]at1ve]y new concept in receptor -activa-
¢

,~taon called the "two state hypotheq1s, Both of these thearies ut111zed

»

\

i
v

the coneopt of allosterism for receptors,
From the experiments discussed jn thiﬁ thesis, 1t 15 1mp0551b1e
to differentiate betweeguxheée two hypotheses. lt may not however,'

be necessary q;,the4essentiﬂ] points of hoth can be comb1ned to make '

‘a satisfactory alternative. The most plausible’ fonn of thq "two State

.theory requires two-binding sites for the antaqon1st on the receptor

Since the resutts of many expprimvhts 1mply that one s1te is a]ky]ated

7

by phenoxybenzam1ne and’ ‘One blnds the az1r1d1n1um ion, these shqu]d;f

-loq1cal]y he the two g’@c1es 1nv01ved at the two respective\binding Eitesl

The merhan1sm whereby both of theso specxe§ a]ter an ex)stlnq A

equ111br1um botween two forms of reeeptor (def1ped,by L)urs n'i“]cularTy.
attractjve as no spec1a] assunpt1ons qhgut the neéépto »system are re-
quired to accanodate'h—ha]daikylamfhes.' It mu's e stressed however, T

¥S conceptual]y 1dea1 very

“]1tt1e other ev1dence is ava11able oh wh1ch to COHS]der th1s theory

e

An‘exisgfhglh§poﬁh' s for wh1ch there are precedents'(11ke the h’

”two—étate hypothes'

r;é,

‘mental f1nd1nqs, s a]ways aopea]1nn.g Care must be. taken, however, 1n

l'1nterpret1nq results frun 1solated t1ssue exper1ments The Monod Nyman

and Chanqeux model er alloster1c proteins 1s comp]ex but wel] def1ned

R a"

"7v5_., . a.e.e e U

and wh1ch conta1ns exp]anatlons for a]] exper1—» f_;.f:
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forcisolated prg(éf;x and enzymes . When dealing with intearal membrane

’

proteins such/as receptors; effects on the ‘contractile machinery musp

- be avoide?/éf unequivocal Fesults'are to be ob{ained. Althopgh the
toncentnétons of y-ﬁalbalgylamine utilized in these studies appear to

_affee{‘only tee response io-hiétamine,'these aqentS'aEe notorious for

’ their non-specificity. L%terpretations of effects.such as cooperativity
and a]loater;im shou]ﬁvtxuﬁihe made w{th caution Experlments based

-~

on the null mnthod which compare effects on the thsue before and after .

Bldckade dare better than evaluations. of response per se.

From,these considerations it can be sa1d tha the results’ of,

;
.-haloalkylamine blocka e of phe ﬁistamine rec btor appear«tO'Sub—

stantiate the existencd of some form of gllosterism in the histamine

> conventional "raceptor reserve"

P

recepdar. It oalso seems that t
‘theory proposing the a?k : tlon of ‘a homogenous- DOpU]ﬂthﬂ of‘receptors

~ ) vt
/ ‘ : - .- . 14

P 15 untenable in ] gfit ef the 1ncon/;stenc1es encountered between this.

theory dnd e expor1menta] peSUItcv 1t wou]d perhaps be more correg-'

e/)/’

v : '
L . § .
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VI TUTURE ~3-51072A7Ta05

It is of fundaméntal importance to elucidaée possjble allos-
~ teric mechanisms for réceptors, The following are ‘some general con-
siderations for'futuré experiments.

1) 1f two-states for the receptor exist in an eqyilibrium.‘then
other anents which function as aﬁlosteric.éffocto%s in enzyme systems
could vield interesting resultﬂ: Such studies, are someﬁﬁét con-

~

strained in 1.0 lated tisau9~w0rk‘due to toxicity to the living pre-

pargtion but sulphydryl reagents and other alkylating agents
(i.e., ervld1azon1uF salts) cou]d prove useful. In barticular

alkylating dqenthyh1ch are reported to be SDQCTflC for 1m1dazole
(i.e., \odoace&ate) woll? be 1nterest1nq to study since certaln
s tudies by Rocha e >11v$ and others imply that the hxstamlne receptor .

Lontlln) a histidine residue at or near the aCtlve site. The compuund

.N-ethyl-d(Z-chJoroethy])-hlstanlne could also'show 1nterestipg proper- ‘

ties.

N -.“f':" | .
tempts ‘to d!fferbnt1ate theipredycrnons of

3 . e

- 2) At pr.sent, all-

| the two-ﬁtate ypoth931s aqd the Mlchaells MentenAéyp(Lach fer‘receptorsA

have failed (f0r~rev1ew see |Colquhouir, 1973). Contrast1na th@;behav10r'

o " 154
) i'f %hgﬂf1‘sue§§oward revers1b1e antagon1sts could
. :',g u‘
1;#?1ch sh1ft the equ111br1um between E

A}

Y

fid1p1dous f1nd1nq f DMPEA Althouqh th1s %qemt produced no antago- ‘;. 

171

ment WIth an al]osterwc effeftor géuld y1eld useful results i In par- f'ﬁil;”‘z

0
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Parage depressions of the maximum responses to hrntdprnv WETE eneoun--
tered Qith DOMPEA dftér the dose-rosponse curve far the tissue wads
shifted 2 log units with phenoxvbenzamine.  Owing to the limited
number of experiments, these results have nbt been included. = [t

is possible to explain this ettert by proposing that UMPEA increaées

the aftinity of histamine for the # form of the recentor or decreases

Lt * . - . ‘ . . . N
it for BT (i.e., insreases c..  lhe control stimulus-concentration

~

curve tor a receptor consisting of subunite i byt ansensative by

-

hundred-told changes in the value of . Small inoreg o in ¢ oat b

-

values of L {1.0., curye ”11 tcd ty . .-haloalkylamine) causd profound

depression of\TﬁF/;nximuw r@spnnsv_ - ' _

Q ~
s - : S ) ) )
The necultar finding that DMPEA produces depression of the

mayimus reopance to histamine raives many interesging auestions-  if '
0 o - .

CLed gaent were anoredasing the gftinity of bhistarine for %he P form

B

ofe the recedtor (oee Chapter 1V - Sectipn IV, then it might be expected

«

that protection agsinst phvnoxybuuzamine_blpckadc with histamine

wbuld be onh4n<'w1<fter Drutredtnmnt vwith DMP[A "Thix effect wou]d be

Can exar“lv nf how a drug; in th1) Lase DMP[A has lvttle observab1e

eftect. on the responsv.before but a large effect after“treatment W1§hl

R

uxallo<ter1( effnctnr {1.e., phenox(Penzamine).

4)  There is no reaﬂon to suppose that a part of ‘the denﬁbss1nn of

A}
2

'thn maxxnum response to partlal aqonqsts is not due to: azqrvﬁxn1um 1on

b1nd1nq and not a]Py]atlon Under these c1rcumstances it wou]d be JV B

R

¢ &

' of the max1mum rosponse up to a po1nt where the 11m1t1nn factép was

the stablllzat1on of the R fnrm of the recnptor due to ale]at1on
1
Such a pnrtldl roveryal of b]ockudc would not be - r0"31>tenf w1th the

e

’

[}

~

.  poss1b1e‘to reverse: Nlth BSA/th1osu1phate a port1on of the depress1d% f"“



<3

'A5curve wou1d be thgw

-ThlS effect cou]d be 1nvest1qated further

.
1
']

& ( tnr 2G4 S Ry SRR RS Te e My oy tod that an ‘o2
receptnr reseryve’ Nypothests . 00 wou e Deoexpected that arn sgent
wotoh had g Tower rea tisity &0 the "opift site™ and Magher arfinit,
for tne “deprecaon rte e LT wey D dernons trate thin ettelt

& mo.t retily
5, 1t hae beer noted that oo to-gen wnton o are ot gs Sensttoye
\t 1 i I M + ST AT n-7u
o histamine as those normay !ty onoagntered v 0 (052 5 x 107
tnstead »F 4w o TOTTM RIS tamina: cancantegtioss e shenoxyherzamine
anteh neeeg e caused a O oTag o uro o e o eoroennse curve only
croduces shifto of 0 Ton oyt T aopeared g traigh, trrespective

7 ¥ ]
' 7 o < .

S te BUhO e tpe contrel ganeerasnorne Cgrge . e st fted oyrve

(
Coi » o - . C
B dgn FOSY aF approxamerely S oo UM U would be expected tnat
¢ ”77“§3§?;4”'ﬂ? should produsg 2y log oamit ceift in the dose-

r

recsnth Cgrege o gynder allocrrcums tances . 1f a pnrtion of the recertors

e v ,.;,3,-.3‘:.?‘??’! s, tnen d‘fpr(f".',ion ~f the maximyr r;,s.(x(,\"ggg shoutd occur.

-

SN e nad ohhoreed, L o e oo

&

A cby some mechaniom ¢4 . . anoxia; trauﬁa) the equilibrium
between B oand R* were éiready 2hif ed to the R- fnrm dur1nq the deter-’7

L

minatinn af fh( control dose- rﬁshon 0 curve, thrn the abnorma1lv hwqh

K .

_n;amine, as,

£050 would he ohserved . Treatment with phenOxy

I

vthere'ix no redson to suppose that the Mﬁndznq <ites for the y-halo-

a]PvIamlne wou1d change the antaqonlst would 9tab1llze the R form of
'thairecentor and_raise the allosteruc constant L to the ‘same va]ue as .

4

that f0r‘a-sens1t1ve twssue. The EDSO for the blocked dose-response

same ﬂrreSpect1ve‘h\‘the EDSO fOr the COntrol tassue

ﬁ, _ Slnce the frrst reports of the sehs1t1v1ty of gu1nea p1g 11eum

LN

to var10us aqon1sts 1n 1909 a]mbst eveny aqent or comb1nat10n of aqents

1 L ) J_.“ -

i

(9]

s
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| APPENDIX 1 c
P ot ‘\' |

The symmetry model f1rst proposéd by- Monod Nyman and Changeux =

" (1967) and discussed 1n pharmacoloqlcal terms by Kar11n (1967) and

. more'recently by Colquhoun (1973) and‘Rang‘(]973) re]ates stimulus to

‘the fract1on of receptors in the act1vated form R This'fracfion.is~

g1ven by tHb state functlon shown be]ow 1. }» S .
= - S S e
. ow N ".“ S R S .
Ree Qv 0T
R = fraction of receptors in the R state - S
" %-norma1ized 1igand¢concentration‘([aqon1st]/K R*)
B 'n{= an 1nteract10n coeff1c1ent" - can approach but not exceed

_ . A
the number of 1dent1ca1 subunwts mak1ng up the receptor :

g L= thp ”a]]oste71c constant" [R]/[R 1
‘ cp; the aff1n1ty of the drug for R/ aff1n1ty of the druq for’ R

<be used 1n choos1ng appropr1ate va]ues _if

Var1ous qu1de]1nes ma

hfor the- constants needed to dhf1ne a, theoret1cal st1mu1us concentra-

_twon curve but qeneraily there 1s 11tt1e exper1menta1 evidence avai]- "} o

‘Qab]e to Just]fy these cho1ces. In the fo]1ow1nq ca]culatlon as 1n

‘”,1fb1ologwé21 system the procedure 1s Justlflable for aesthet1c reasons _;}-;]

‘.others the constants are chosen pr1mar11y to prov1de values whlch

3 o

'5iproduce curves s1m11ar to those obta1ned exper1menta11y, but s1nce f,}*_”*"

l
’ I

there is no reason to assume any s1m11ar1ty between the two lﬂ the

. PR A :



i 3un1t para11e1 sh1ft in the curve descr1b1nq R as a functvon of 1og [a];,_\ﬁffi,f

B ?:can be dCh1PVQd by 1ncrea31nq the va]ue of L from 1000 to 20 000

.wh1ch could asvwe11 be found‘tn the eontrect1]1ty mach1nery as §ﬁ

" HIH hlot G]ODe% of mumv Hmn'unitv are nf l~inntml v.llue ,

in prov1d1nq an eqtrmate of n. (:n(e thls apnroach is more]y Ldpnb]e

of supportlnq the exlstencepof 3nme Plnd of coonerat1ve mechan1sm

o PR

U1e receptor level.

The max1mum slope of the H11] p]ot cannot exceed n, the num~

: ‘ber of" %ubun1ts and is glven by, the fo]low1nq equat1on (Colquheun,

1973). T T S </f\\q_k._‘ -
; ' o T\,
oL -l : "f.i',' I

EEE

“n (mdx)_’i‘n_ R S s

_ ti YA > 'n 1‘ 1/2
S 1—f-0. L o e -

ﬁ ”H (max) = léxfnumfs1opeﬂof the Hi]]eblot. =

It can be seen that a va]ue for c 13 requ1red for the der1vat1on of n.

As there vs not an lndependent method of measurement for c, a value

o é‘ .

“'fo; n (annot be der1ved from the mdx1mum slope of the H11] p1ot

19g

quure 79 shows the behdv10r of a st1mu1us concentrat1on curve o

s .

-def1ned by the state funtt10n degcrlblng a nnnomer (n = 1) w1th éon-.f'

- staiit va]ues of L - 1000 c‘~-1o*6M and i % 10- I to 10° 6M a2 ]oq
w_wh11e depre551on of the max1mum va]ue for R results when L s a]lowed

ﬂhfby def1n1t1on 1ncrease thc va]ue of L

Another posstb111ty would be that 1n the1r capac1ty as al]os-f_df;lifECA

. T : .
5 s R

. Loto exceed-20 000 Th1s 1n molecu]ar terms could occur 1f the ant- : h"' L

) ‘iaqon1st were act1nq to stab1112e the R form of the receptor and thus, ,-ﬁtﬁ'{ff'

‘5ter1c effectors, u haloalky]am1nes cou1d affect the aff1n1ty of h1s-s]ieﬂ;f'5

"f”;gam1ne for tho 2 forms R and R B]ockade could be 1nduced by e1theriettﬂd“;h"



100,

oy o]

s 5 I

'E{gure 79.f”chcUIa£ed stimu}u§5CbncéﬁIhation'cufyésfas;defihéQ'byxd,,
B symmetry model state function {see.text - Appendix ).

~for the receptor asiajmonomer.. %'R;as:brdinate,‘}ogg
© Lol as abscissa. - A1l terms. in state ‘equation he
stant except L which incredses. - RIS

o

= logLaI/ ' '

f',Fiqure-8OL_~CaICU}ated_stimuTus;Concéntﬁatjon«curves'andéfjned.by3; '

C e ;[symmetry.modelfstate;TUnctibﬂg(séevteXt‘fﬁAppehdfx”I)=fOr
~the receptor as ajmoﬁomer;.”%;§Vas_ordinéte,’logj[&]QaSi:f e
TT~A11;termS in:stéteyequatiqnfheid§¢on§tant34§_ﬂ} S

.+ abscissa.
; except ¢ which ‘increases, - .. -

Id con-




196
‘1ncreas1ng the aff1n1ty of h1stam1ne for: R or decrea51nq 16 for R*.
"The total effect wou]d be to~1ncrease the- value of - c 1n the state ;
functlon F1qure 80 shows the behav1or of th1s function aS\def1nedb_
‘for a monomer1c receptor w1th the same constants as in the funct1on‘
| shown 1n F1q 79 and it can be seen that the maxtmum va]ues of . R
decrease w1th 1ncreas1nq values of c . Af‘.;. f . ! |
F]qure a1 shows the behav1or of the funct1on shown 1n F1gs h
. 70 50 but w1th the va]ues of l and c chanq1nq s1mu]taneous]y -It :.; tf
" can be seen that by mannpu]atlnq these constants v1rtua1]y any maq—.: B
;‘gltyde of sh1ft and depress1on of max ium can be ach1eved |
Part1a] aqon1sts are deflned as hav1ng a somewhat greater
‘aff1n1ty for the 1nact1ve R form as. for the R form of the receptor : |
»f'Thus wh1]e the d1fferent1a1 aff1n1ty term c may have a. value of 10 6M\
. for a full aQOn1st, a part1a1 aqon1st may possess a somewhat greater
: evalue for c of 10 3M F1qure 82 shows the behav1or of the sta%e func— 11::
q<t1on def1ned for a monomer for a partlal aqon1st In th1s case, jt ; 5
‘.must be hoted that 1ncreases 1n the al]oster1c constant L do not result af'

ina para1le ‘.E;;;#;

1nmed1ate depres>1on of the maxwmum va]ue for R much 11ke that observed

étne stlmulus concentrat1on curve but rather an

_‘-1n the oxperlmeqta] s1tuat1on for partla} aqon1sts and 1rrever51b]e eh;f“}’
.‘% ;b1ockade : ol ‘., | e e | _' |
| The behav1or of th1s state equat1on 1s qua]1tat1ve1y 1n4ene-";
j{th&] for htqher va]ues of n. F1gure 83 shows the effect of 1ncreas;-¢t
‘ ,1f1ng values of L for‘a tr1mer1c‘receptor It must behnoted that ‘
'r,j'as n 1ncreases the STOpe of the st1mu]us concentrdt1on curVe

j;jiwncreases and qreater changes 1n the a]toster1c constant L&are'
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" Figure 81." Ca]culated st1mu]us concentrat1on curves as deflneJ for

-~ -a monomer by. the symmetry mode]. state function: (see text -
Append1x I) % R as ordinate and 1og [a] ‘as.abscissa,
“Changes occur in L thh c constant unt11 L = 20 0u0 then
C increases. L SRCENENE e

» s

o e L ”” )$. “"f: -3;~ﬁf
N e 00T e e e e

@ ‘.

% NE
. .__.5.0__‘

‘.’  }’Figuhe782;' Calcu]ated stlmulus concentrat1on curves as- def1ned for f#:u;'
ot ‘mopomer by-the symmetry. model state” function (see. text -

- "Appendix 1).. % R as:ordinate and- log [a] as. abscissa. Lo

-;_;Effect of changes of L on response to a part1a1 agon1st ;;';g P

..‘U'
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" Figure 83. ACa1cuTated st1mu1us concentratwn curves as’ defmed for
.3 trimeric. receptor by the ,s%mmetry modeT state. functwn SRR
R " (see text - Appendix 1) as-ordinate and log’ [a] as .
Lo abscissa. Effect of changes m L w1th < constant R

S e ;7 i
. Figure 84,.., Calculated stupu]us concentratwn curve§ as’ deﬁned for A
ST Ty teIramemc receptor by the symmetry ‘wodgl- state. function .

(see
“. abscissa Effect of changes in. L w1th C constant

text - Appendix1).. % R as’ordinate and log [a]as
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Mreouired to'cause shitt“ot the curve. ngure84 shows - the behav1or
of a tetramerwc receptbr w1th chang1ng values for the a]losterlc’
'";constant ‘Aga1n 1t must be stressed that these ca1cu]at1ons canndt
'1be compared to exper1menta1 results but they do serve té demonstrate

- the flex1b111tx of the model in descr1b1ng 1rrevers1b1e blockade
It 1s 1nterest1ng to note that the doub]e rec1proca1 plot used
‘.“to detérm1ne the fract1on of 1rrevers1b1y b]ocked receptors (waud
'.f 1968, see Chapter II - Sectlon F) takes on new mean1ng 1n thws schemef

Beg1nn1ng w1th the assumptwon that changes 1n the a1loster1c constant

(i prov1de para]]e] Sh]ftS 1n the dose response curve, the follow1ng

"vt). '

re]atlon may be derlved

| (17+a)v" isg L(1¥ca)n. (1+a L (1+a W
| B RS

dose of agon1st in contr01 tlssue P

" equ1act1ve dosage of aqonwst after 1rrevers1b1e b1ockadefi -

Q-
W

Y ol
"

: al]osiertc constant in contro1 t1ssue

[ AT

L

oy

(]+a)n : : (]+a ) ,‘ é’/ |

& a]]oster1c constant after lrrever51b1e b10ckade ':17‘7 f--f?35/f::“

(1+a)" (1+a')" ¥ L (1+a)" (1+ca 5 (1+a)n + t(1+a )n * L(l+a')n (1¥cu§6;3;??,;ﬂ



'{¢:<;dnact1vated by a]kylat1ng aqent (see Chapter II --Sect1on F)

200 -

£ ]

equation'l'becomesi
: . < .
o (ca!) o (tca)
C (') ()

” (]+0) 7('|+(-:u'-)‘KV=.(J+C('X) -(;»|>+Aa|); '. -....,..'...'2 .. ! »

'1_ef$%f::1et:i»A

o

.o
]
+
2

un u
—t
+
R

© equation 2 may now be written:

el < 20k

e+ bce- zt} = 2K + szgcf;VZKc ,: :
2'(T-c) = ZK(1-c) ¥ ZZ'c(K-1)

e

V.

- divide'by 22'(1-c)

. l-ak;+v £ (k1)
Lt - l-c =

1.
oz
.';wh1ch becomes

- Equat1on 3 1s qua11tat1vely szm11ar to the Jouble rec1procil

ﬂ»_fequat1on used to calculate q, the fractlon of receptors irreversibly
o \k




“q %’fhactfpn-ot.reteptors irreversibly iﬁactivated‘(
Ka = affinity constant of a90nist'for:the"receptoha',
. . { . . .

The slope of a plot of 1/(1+n) Vs ]/(]+u ) g1ves the rat1o '

by wh1ch L is 1ncreased by the 1rrevers1b1e aqent Thu?” the slope

of the,double rec1procal plot would st11] be a measune of the magn1-

tude of 1rrevers1b]e blockade but wou]d not ref]ect the fract1on of

receptors 1rrever51b1y 1hact1vate& It is 1nterest1ng to note that

_L*the doub]esre 1proca1 plots for any "n" w1]1 st111 ‘be. 11near as

-'exper1menta1]y, 11near p]ots are obta1ned

© 201
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~ o '/\I;PEN_DIX‘ 1l ©
bRUGS, 'eIIEM o\ AD SOLUTII)NSA _‘ b Q
DRUGS | -
AcétchhoIine Bromide (Eestmén Orqénic-CbeMieaIs)
Barium Chioride ﬂ‘nher Sc1ent1f1c)>, - .
ChIorphen1ram1ne {Schwarz/Mann Co. ) RN , T 3

‘ Etypyretam1ne (Free base M1d)and Tar D1st1l]ers Ltd ) A
- Hydrochlor1de (synthe51s,- Append1x III)
DMPEA (N N —dlmethyI 2- bromophenerthy]aane)

.

(~-’(synthes1s - Append1x III)
-Dthenhydram1ne (S1qma Chem1ca1 Co ) ‘ '
- ECP (N~ethyI-N (2- chIoroethyI)ﬂphenylethylam1ne)
—'prepared by method of Peak and Nakans (1950) N
v H1stam1ne Phosphate (S1qma Chemlﬁa] Ce ) ?wr oD o
HydroxyIam1ne (F1Sher Sc1ent1f1c) -)'*:? | _7:ir ;?
“‘MercaptOpyrhvate (Synthes1s - Appeqd1x III) L
iPOB (Phenoxybenzam1ne) (Sm1th KIxne and French - pIus | N -',a, h
:.Y: other prev1oust prepared by method of EeW1s and M1IIer ]966)
jePotass1um ChIor1de (F1sher Sc1ent1f1c) f“:“ f; %j:f;f.Lv

o Prostqg]and1n F- (UpJohn Co ) ‘)j:r*J:iLl') f- Qéﬁlﬂeﬁia3f"f

CHEMICALS USED IN PHARMACOLOGICAL AND RELATED EXPERIMENTS

_»rn

Bovine Serum AIbumtn (S1gma Chem1ca] Co~~ 25% solut1on in;:‘ ;;;“’:
S ster1Ie Tyrode) ,~A1i_. 'f; fj,?e;'u-*]fgfﬁé
Cupr1c Chlor1de (Flsher Sc1ent1f1c)

D1pftryIam1ne &f Merck Reagents) f)fiﬂﬂ.'
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Ferric Nitrate (Fe (NO ){féaH,o) (Fisher Scientific)
‘Méthylene Ch]oride}(?ishcr Sciehfific) |
thric Acid (65%)”(FisherlScientific)
fPatassium diﬂydroqen Phosphate (Fisher Stientific).
SOdium Hydfoxid%\(F1sher Sc1ent1f1c)

Sod1um Thlosulphate (J.T. Baker Co.)

C. CHEMICALS USED IN SYNTHESIS

| .
Ammonium Hydroxide (Fisher Scientific) -

‘Bofon Fluoride Ethyl»Etheﬁ'(Eastman Chémfcals)
© .3~ BromopyrUV1c Acid i}tqmﬁ Chem1cals) |
" ﬁBut 2-yne-1,4- éiﬂT (Aldrlch Chem1ca I Co. )
:: Cupr1c Acetate (J T, Baker Co.)
v-tD1methy]am1ne (B0 Chem1cals) v,
u EpOxyethy]benzene (Eastman 0rgan1c Chemlcals)
;‘ - | 2- Ethy1am1noethano1 (J T Baker Co.) -
’ Forma]dehyde (40%) (Flsher Sc1ent1f1c).‘t | o 5u:wf
Hydrogen Su]ph1de (F sher Scientific) - ._'
- Magnesium Su]phate (F1sher Sc1ent1f1c) l Ai':' »\*\.
'  o Mercurlc 0x1de (Flsher Sc1ent1f1c) R “.
. Naphth 1methy1chlor1de (Eastman 0rqan1c Chem1cals) 1 |
PhOSphorus Pentach}omde (w Sc1ent1f1c) " 1," '

¥ 1o
"/5“'Phosphorus Tr1brom1de (Mat Coleman and Bel] Co )

.v\'

_P1cﬁ1c Ac1d (Flsher Sc1ent1f1c)

:Potass1um Carbonate (F1sher Scient1f1c) e

o

”‘5:Ji'Potass1um Hydroxide (F1sher Sc1ent1f1c)

ﬂ‘;._} L Sod1um Carb?iaif (J T. Baker Co )‘ ut'g;_ i';:ﬂ af;fa.;f L
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Thionyl Chioride (Fisher Scientific)
'\E Tfichlokoécetic Acid (S{qma Fhemicé]s)
L o |
D. -REAGENTS USED IN SYNTHESIS |
Aéétong (Ma]]i%ckrodt)
Ammon%é Solution (Fjsher Scientifik) -
‘Benzene (Terochem Laboratories) |
n-Butanol (Aldrich Chemical Co,)_
~ Chloroform (Fishé% Scﬁéﬁtgfic)

wj>'D1ethy] Ether (Ma111nckrodt)

"'Ethanol (95%) (Anachemia Chem1ca}s Ltd,)A
Ethyl; Acetate (9.7T. éaker' Co. ) '
‘ ‘Hydrbchldric:ACid‘KFighér Sgieﬁtifjc5.
Hethanol. (Fisher Scientific)

E‘ SA'OL'UTIONS i
.A“’ | Tyrode So]ut1on ‘J"'”‘}‘ - ;‘; :  ;\_:(;
B1carbonate (29 Ty R
Ca1c1um (1 8 mM) o

.Ch10r1de (145 mM)
.Dextrose (22’mﬁ);
‘iD1hydrogenphosphate (936 mM)

| Magne51um (1 mM) L
‘IPotass1um (2 67 mM) ‘ a-Qf,.”a},;i:'

Sodjum (157 ™) L
. : el L
Phosphate Buffer (pH»7-4)'*

500 m 0.1 N KHzpou/ o L
Como. 1N NaOH | BRI
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APPENDIX [11

CHEMICAL §YNTHESES”

B

Lt

DMPEA (N N, d1methy1 -2- bromopheny]ethyTam1ne) (shown in Fig.‘ZO)r

>

0. 15 Mole (6.9 q) dtmethylam1ne’1n ZO’Hﬁ'benzene at 0°C is

) added to epoxyethyTbenzene in 30 ml benz%ne at 09C with stirrinq

“»

The m1xture is st1rred a further 2 hours at 0° C and then brought

to the bo1T1ng po1nt The progress of the react1on may be foT]ow-‘

_ed by _seting the amount ¢f yeTTow amine degradat1on product formede

“The aTcohoT may be isolated at this po1nt (b p. 30°/0 25 torr)

or the whoTe react1on m1xture may be added dropw1se to 0. TS moie

- (4T g) phOSphorus trlbrom1de in TOO ml- chToroform with st1rr1ng
‘at 0°C. The m1xture 1s st1rred for 1 hour at 0°C and refluxed a

'_further 1 hour. The excess phosphorus tr1br0m1de can be degraded_

'S

by . the careful add1t1on of ice con ethano] ‘The m1xture 1s

|

'TcooTed and pgec1p1tate fthered and recrystal1zed from methanoT/ '

3

diethy]l ether m.p: (HBr saTt) TBS?C; v

AnaTysﬁsa;

'”aT'uTated Found. e CaTcuTated .~ .Found: o
3 }-c',; 38. 86 3879 N 483 Tase B
B Y 89 fl ‘4;80 ?(-B*.‘?,*> 5171 - © 51.68. .
-TIR spectrum shown in F1g 85 _:'J_‘:f "T:aoQJf
":NMR spectrum shown in F1g 86 :ff_ S B t "'1}17231]’, .:}}?.a.yfﬂj?;”

J

:tuDMPEA ATcohoT (HCT saTt) (N N d1 ethyT 2 hydroxypheny]ethylam1ne)

e

The free am1ne was 1solated from synthes1s described above

T:_(b p 30°/0 25 torr) and added to benzene Dry HCT gas was bubbTed
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Figure 86. NMR spectrum for DMPEA (HBr salt) in D,0 (TMS reference) .~
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~

through the m1xture the prec1p1tate f1]tered hnd recrysta11zed

from methano]/dlethy] ether m.p. ]42 143 C

“Analysis

- Calewlated  Found  Calculated  Found
5955 . 5945 N 64 6@
Ho 800~ 786 0 - 1758 17.73 .

~

IR spettrum shown'in-Fig. 87'°~32 ' j‘ . . 1 h ‘_"}

N

~ NMR spectrum shown»in‘Fig.'BB :
Etépyretamine (HC]\salt)

.2 ml Of the free am1ne?was dTSSO]VEd 1n 20 ml ice co]d acetone

cand dry HC1 qas bubb]ed through the mlxture The crude prec1p1tate .

<

wwas dlssolved 1n hot acetone and bo11ed W1th deco]or1z1ng carbon
" The. hot m1xture was f11tered the f11trate coo]ed and prec1p1tate B

~f11tered from the aCetone m. p 180 ]81°C

) Analys1s  ~ |
- Ca]ru]ated ']nghatt:”uﬂ',‘ fa1”u1ated tFouno"V'.

...;‘1 C 5‘ 53 .]61,‘.__4'9" - N "?”/Twos 131
K 8 92 _ ‘ ':.1'8.98“’ ._»_,_' C] ]6 5] -’~,_:]-6__.4>5_

.:'IR spectrum shown in F1g 89
' NMR spectrum shown In F1g 10wﬂ"h~c'fl'f'w
ri‘N ethyl N (2 chloroethy] h1stam1ne (structure shOWn 1n F1g 91

.8 ) Synthe51‘ of hydroxymethy]v1ny]ketone Tstructure shown 1n

F1g 92) -fafter method‘by Reppes g_ a] (1955) O 023 mole

(59) mercuric ox1de with o 009 mo]e (1 5 g) tr1chloroacet1cf*;gﬂfffi’f*'

I".v
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. .Figure_89 Infrared spectrum‘for Etzpyretam1ne (HC] salt) KBr d1sk

-

NMR spectrum for Etzpyretam1ne (HClisaTt) 1n DZOA
(TMS reference) i
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acid, 0. 0351m01e (5 g) boron fTuor1de ethyltfther and 0 057

“mole (5 g) ethyT acetate were heated to 50 60°C. The m1xture

| was cooled and added. w1th constant st1rr1ng, to-a solut1on of -

l 16 mole (]00 g) but-2-yne-l 4~d1o]'1n 400 g ethyT‘acetate ’
| The flask is carefu]ly warmed to 40°C unt11 the exothermlc

reacton beg1ns and the temperature r1ses spontaneous]y M1n1-

:mal vacuuni is app11ed to the react1on m1xture to mainta1n a
ref]ux at 45°C for 1 hour after whxch the temperature decl1nes o
'The m1xture is coo]ed 0 05 mole (4 15 q) sod1um carbonate 15

~;1'added and the m1xture is d15t111ed At 45°/10 torr hydro—

<
&

‘zoxymethy1v1nylketone comes over as a coTorTess T1qu1d :The.’ |
'_d1st111at1on must be done 1n the dark as the k%}one poTy~tr'“-_";'
f._mer1zes to a soTrd 1n T1ght The product cannot be stored a

tafsuccessfu1]y and should be used 1mmed1ate1y

T.Synthes1s of N ethyT N (2-chloroethy]) h1stam1ne e after method |
ffby IngTe and Tay]or (1963) To 0 116 mo]e (10 g) of hydroxy- |
» w.f"methy1v1ny1ketone was added 0 16 mole. (4.2 g) (1n 2 ml
"duj?ethanol) 2 ethy]am1noethaa53 w1th coo]in} ln 1ce water After
':dlptstand1ng for ]5 mlnutes at 0°C the mthure was added to a f'”""""J

"Tffsolutlon of cupric acetate (0 18 mole,_36 9) a"d formaTdehyde f771

"T»-~ff(0 12 moTe 3 6 g) in ammon1a soTut1on (225 ml 5 g 0 88)

'f*The comb1ned soTut1on was heated on a bo111n9 water béth for

,Tb;fm1xture flltered The fiTtrate was ac1d1f1ed with 6 N HCT

] hQUF HYdFOQEH su]ph'lde gas was then passed thY‘OUgh the

By

>i’_fsolut1on unt11 the copper was compTete]y prec1p1tated and the Ti'?;ff

":'gffevaporated to Tow buTk and made ba51c by*!he addltioh of 50%

"protass1um hydrox1de The organ1c base was extracted with



:n—butano] dr1ed w1th magnes1um sulphate and the so]vent ;

i evaporated The restdue was added to 30 m] dry ch]oroform
and coo1ed to O°C 0.16 mo]e (19 4 g) th1ony1 ch10r1de 1n ‘ ;

"20 m1 dry chloroform was adde! dropw1se w1th stlrring at 0°C'

/Y. .

aﬁd)when add1t1on was comp]ete the m1xture ref]uxed for 1

' -hour The solut1on was coo]ed the prec1p1tate f11tered and B

recrysta11zed from methano]/d1ethyl ether m p of product 115&C

\.'

¢) :Comments-on‘Reactionif the:synthesisAis’shown.schematically,inr'

~ Fig. 93 -
Ingie and Tay]or (1963) state that the ]ow ylelds provwded

"_fby th1s react1on are due to the 1nstab111ty of base III wh1ch

- readlly 1oses amine to revert to II wh1ch forms polymer1c 'apﬁh}t,a;fta

2n

'compounds 1n ammon1a In the above synthesns, th1s seems to :;‘fyb‘ -

_'be the case as the resu1t1ng HC] salt of organ1c am1ne 1so]ated

‘;:i;was not the product VI but 1n fact the HCl sa]t o{ 2 ethy]-

| 1f.ffﬁam1noethanol Th1s 1s borne out by the 1dent1ca1 NMR spectra

"fnti ufdrug as other synthes1s do not distingUISh between alkylation

, thfSL;i:

"{:hdof 2 ethy]amlnoethanol HCl salt 1n 020 and the produCt from e
"‘f-,?the react1on (1n 020) shown in F19 94 Et;»;i=7*ﬂf;37;+*tjfizf§ R

“?f'} Theoretica]ly, th1s 1s an exce11ent synthes1s for this

el

. 5 of the secondary stra1ght cha1n n1trogen agd the 1midazo}e o

addition of am1ne into the double bond

Mercaptopyruvate - after method by Kun (1957) : N

1

'Tf,0°c and dry hydrogen su]ph1de bubb]ed through for 2 to 3 hours

n1trogen A method must be derlqed however,_to achieve the :fgﬁfff;

50 m] Of concentrated (15 1 N) ammonlum hydrox1de was cooled to S



| -[‘-‘—————TCH—CH-Z-N-CH—CH-Cl

H’N 7 '

'Eiglil'.re'.Ql N ethyl N (2 chloroethy]) h1stam1ne

g
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. . . : L ;H.I.:T L
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F1gure 93 Schematw d1agram of synthe51s for N ethy1 N (2 chloro-
_ ethyl) h1star1ne e L B A S
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jFigpre 94. NMR Spectrum for product of $ynthes1s 4.m ethylethano]-v-'
’ S m1ne HC] sa]t) 1n DgO (TMS reference) : : .
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Lre 95 Infrared spectrum for mercaptopyruvate (ammon1um sa]t)
KBr d1sk . R R 0




‘f-:iThe free am1ne was d1st1lled at 0 5 torr/l20 l42°

'Ti”;lcrude precip1tate was recrystal1zed from methanol/d1ethyl ether

205

O 067 Mole (ll 5g) dry bromopyruv1c acid was added slowly to the
ksolut1on such that. the temperature rema1ned below 6 to 8°C. 400 ml 3
0f 95% ethanol was then added and the prec1p1tate f1ltered and |

E recrystalllzed from methanol/d1ethyl ether - d1n1trophenylhydra-

zone (m.p._l60<l639C, l1t 164° C)

Analysis

:f»talculated " Found . v"'Calculatedv ~ Found
¢ 227 . 2620 0 3699 3502 g
W 514 519 s 2338 23.50 - '

fR,spectrum shown.in”ng.'és
A . d. ' : s i sl

v

.”.sv14 (s ee Fig. 3 - subst1tute Cl/for Br) - From method hy Peak and -

 Matkins: (1950) f 2 '?f'_;l:.ﬁ .
0 67 Mole (60 g) 2 ethylam1noethanol 150 ml water, O 67 mole
. (120 q) naphthylmethylchlorlde and 0. '85- mole (100‘9) pota551um N

ff1ed w1th 5 ml concentrated HCl extracted M1th d1ethyl ether and 3

e iba51f1ed w1th 0 l mole (4 g) sod1um hydrox1de 1n lo\ml methanol
0 095 Mole (lO g) of the am1no alcohol 1n 40 ml dry chloroform fﬂf'ii

- “':3suspended in 40 ml dry chloroform The m1xture was refluxed for
g hours, the excess PCls destroyed by careful add1t1on of 1ce COld
| ’hff_lethanol, and the solvent removed by evaporatwon Benzene (40 ml)

";}was added to the crude mlxture and left at 0° overnlght Th“fjf»5?ﬁ’a |

el

R

. , ‘, . o

L4

‘”carbonate were stwrred at lOO °C for 8 hours The m]xture was ac1d1- P

| 'lﬁwere adﬂed dr°p”‘59 t° 0 l25 gn]e (l2 g phosghorus pentachloride 1511355?



m.p.'171°C'(1jt. 17?°C)..
l\n(;lyf;i‘. h - | . R
Calculated found . - . Calculated  Found ‘~

4 ~
\ .

C 63.38 63.22 N 493 T 4.80
W 673 7.05 . 2495 - 2458 .

IR Spectrum shown in F1q 96

NMR spectrum shown in F1g 97 S

; HC] sa]t of- SY14 a]cohol

Bl g of KP(N ethy] -N- 1'-naphthy1methy1am1no) ethanoT was d1s- S

o1ved in 5 ml benzene and dry HC1 gas buH§1ed through the so]u— '
~ tion. The: benzene 1s decanted and gs hy] ether uSed to tr1t1ate
the ye]]ow o11y mass The ether//;s removed and the sol1d re-

' crysta]xzed from methano]/d1ethy1 enher msp 144 146°C

o Cé]éhlqtédibfk.Found ;‘ - ".'C31C013tédn . Found

no

o ey e B8 N 52 825
W 789764 Lo_;f,;j 6.02° . 0613
e ;~'13,34' “‘i:.113,31. B L

“"eiR sbectrum shown 1n F1g 98 e S

'f NMR spectrum shown 1n F19 99;jf9}f:rf’i 711,1'1f’f77-fi{!5??}:‘,t?fi*f7f
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Figure 97. MR spectrum for SY14 (HCI salt) in D0 (THS reference) . . -
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