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Basic assumptions in the analysis of drug—receptor interaction.
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Comparison of actions of some ﬁ= lactam antibiotics and
aminoglycoside on muscle contraction and muscle relaxant.
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Quantitative aspect of drug receptor interaction.
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/aAié'ic ASSUMPTIONS IN THE ANALYSIS OF
DRUG-RECEPTOR INTERACTION

"To most of the modern pharmacologists the feceptor
is like a beautiful but remote lady. He has written
her many a letter and quite often she has answered
the letters, From these answers the pharmacologist
has built himself an image of this fair lady.

He cannot, however, truly claim ever to have seen

her, although one day he may do so,"

D.K. de Jongh (1964) in Introductory Remarks
to Molecular Pharmacology (edited by E.J. Ariens),
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AOMPARISON OF ACTIONS OF
SOME B - LACTAM ANTIBIOTICS AND AMINOGL YCOSIDE
ON MUSCLE CONTRACTION AND MUSCLE RELAXANT.

Pramote Teerapong, Surasak Boonpanichyakankul
Supon Peetakanont and Sak Arjhansiri

Faculty of Pharmacy, Mahidol University.

Introduction

Cefoxitin is‘a new cephamycin antimicrobial agent. This
cephamycin is highly resistant to beta-lactamases. The drug has
expanded spectrum against gram-negative bacilli and anaerobes. It is
known that some antibiotics induce neuromuscular blockade which may
cause muscle paralysis and respiratory depression during anesthesia
(Holtzman, 1976; Prokic, 1976). 1Itis interesting to see whether the
new antibiotic cefoxitin would depress muscle céntraﬁtion or would
potentiate the action of muscle relaxant. The effect of cefoxitin will

be tested in comparison to streptomycin and ampicillin.

Methods

Biventer cervicis nerve-muscle preparations were isolated from
chicks aged 10-20 days (Ginsborg and Warrine¥, 1960) . Preparations
were mounted with a resting tension of about 1.0 g in 30 ml organ baths
in Krebs-Henseleit (1932) solution containing 2 g/1 dextrose,maintained

at 32-34°C and aerated with oxygen containing 5% C02. For indirect
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stimulation, contractions were elicited by stimulating the motor nerve
in the tendon with supramaximal shocks at 1.0 Hz and 0.2-0.5 mS pulse
duration. Responses were obtained to acetylcholine and potassium
chloride in the absence of nerve stimulation., Acetylcholine and
potassium chloride were allowed to remain in contact with the tissue
for 30 S. The blocking effect of the antimicrobials was expressed as
a percentage of control responses. All values quoted are the mean o
standard error of 4-8 determinations.

Drugs used were (+) tubocurarine chloride, acetylcholine

chloride, potassium chloride, cefoxitin, ampicillin and streptomycin.

Results

Effects on twitches

Cefoxitin lO-BM, ampicillin 10—3M and streptomycin at concentra-
tions up to 10_4M had no effects on indirectly elicited twitches of the
chick biventer cervicis preparation (Table 1). However streptomycin

at concentration 2 x 10-4M depressed the twitches (Table 1 and Figure 1).

Effects on responses to acetylcholine

Cefoxitin 10_3M, ampicillin 10—3M and streptomycin iO_4M did not
alter the responses of the biventer cervicis to exogenous acetylcholine
(Table 1). Streptomycin 2 x 10_4M which depressed the indirectly
elicited twitches also did not reduce the responses of the muscle to

acetylcholine (Table 1 and Figure 2).
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Effects on responses to potassium chloride

Cefoxitin 10_3M, ampicillin 10_3M and streptomycin 10.-4 and
2 x 10_4M did not change the responses of the muscle to potassium
chloride although streptomycin 2 x 10_4M reduced the twitches (Table 1

and Figure 3).

Table 1 Effects of cefoxitin, ampicillin and streptomycin on the
indirectly elicited twitches and on the responses of the

biventer cervicis to exogenous acetylcholine and potassium

chloride.
chnal % of control responses
(M) twitches ACh KCl
Cefoxitin 1077 102.7+2.1(N5) 97.740.8(NS) 101.740.9 (NS)
Ampicillin 1073 97.1+1.6(NS) 99.4+2.5(NS) 100.1+0.6 (NS)
Streptomycin 107" 98.440.8(NS) 97.941.3(NS)  99.241.6(NS)
2 .x 1072 88.8+1.4 S) 97,8+3.0(NS)  97.3+1.6(NS)
88.8+. + +
] : .
NS = nonsignificant
S = significant

Effects on the action of (+) tubocurarine

(+) Tubocurarine 5 x 10-7M partially block the responses of the
muscle'to nerve stimulation. Cefoxitin and ampicillin at concentrations
up . to 10_3M did not increase or decrease the effect of (+) tubocurarine.
However streptomycin increpged the'blocking effect of (+)tubocurarine

;

)
{
|
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even at concentration 10_4M which did not alter the responses of the

muscle to nerve stimulation or exogenous acetylcholine (Figure 4),

Discussion

Antibiotics may cause muscle paralysis and apnea is now accepted
(Feldman, 1979). Holzman (1976) reported that gentamicin at high doses
induced muscular paralysis in clinical practice. Benz et al.(1961) -
found recurarization followed the use of intraperitoneal antibiotics.
Moliter et al.(1946) reported the potentiation of curare by streptomycin.
Patients with myasthenia gravis are more susceptible to this effect
(Feldman, 1979). We have shown in this experiment that streptomycin
alone could broduce neuromuscular block if its concentration in bathing
solution id high enough (Table 1 and Figure 1). This agrred with
Holzman's report. Streptomycin 2 x 10‘4M depressed the indirectly
elicited twitches without affecting responses of ekogenous acetylcholine
(Figure 2) indicated prejunctional action through which the drug reduced
the acetylcholine release from nerve terminal. Streptomycin increased
heuromuscular blockade induced by (+)tubocurarine even in conecentrations
wh;ch had no effect on twitches indicated potentiation éffec£. This
resuit'is consistent with Moliter et al.(1946). 1In'‘'contrast cefoxitin
anq ampicillin at coﬁcentrations up to 10-3M which was about 5-10 times
hiéhe: than streptomycin had no effect on twitches and acetylcholine or

potassium chloride responses. Cefoxitin and ampicillin also did not

increase neuromuscuiar blockade produced by (+)tubocurarine indicating
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Figure 1  Effect of cefoxitin, ampicillin and streptomycin

on the indirectly elicited twitches.



10

215875 LAY Inen

o 3,

avufl 1, unsaau-uwiod 2524

uavavufiuzaentsnadauevnauie

UsnTuny B9 uazas

Acetylcholine Cefoxitin

)
b ) . -:; S e
A A A
2x10™ %M 5x10™ 7x10” M
Acetylcholine I8 — Ampicillin

2x10™

Streptomycin

Acetylcholine

M 2x10™m

Acetylcholine

A

ZXIU'QM
Acetylcholine



11

Thai J, Pharmacol, Antibiotics on muscle contraction

Vol.3, No.l, January-April 1981 Pramote Teerapong et al,

]
!

Al e

A A A A A
x10" 24 2x10™ 4 6x10" 1073 4x10™2M
KC1 Cefoxitin
5
i
: =
{
|
& kil s S \ L !
A e g L U RV '
A A A ‘2
ax10™2 ax10™ ' 7x10"M 1073 4x107%H
KO i Ampicillin kel

i L Ly N
A A ;
%10~ 2x10-4n 4102
KCl Streptomycin KC)

Fiaure 3 Effect of cefoxitin, ampicillin and streptomycin on the potassium chloride responses



12

IETLANYINYA HazavoNjthuznantmaduaenaa s

o4 3, atiud 1, unsrau-1uwioy 2524 UsnTung Ssvay URE ANy

a il A S e %i'ii?@il_!Wi?i1i!ll[l{!ﬂi‘:ﬂﬁHIHI!Hl,l_‘W%UH!EH.HIHEUHHIlHlll.!!l!i!!‘ﬁiﬂF!ﬂllIllﬂ,”i”_m!l!lll!f?%!i*iilﬁli!il,!

A

5x10” /M

(+)Tubocurarine

s ﬂ.”ﬂﬁ;HW%;‘ ﬁﬁﬁwﬂwﬂwwwﬁg.h“d mmmeh Pﬂ.lmm WMIM \HWNWMquwwmuwlnﬂnmmMm

[l
A A
5x10” /M 1073y
(+)Tubocurarine Cefoxitin

c *W!(!!!.'Hﬁi‘;’fﬂf{!!!!!!.f!f/.ffffﬁf!.l!f!!l!.lr!(fﬂ(!.f!!!!!r(!!f!ﬂ!(!ﬂﬂ!!(!f!!!!ff!!ml!!!!f!!!!fﬂ!mmluuﬂffwlmmﬂﬁJfﬂ;ﬁunu.mmurfrmmm!m@uﬂnu(mmm!.'mfmmnmwurmnmmzumlunuamm(umuuwmmmuuu’

A A
5%10™ /M 10~3y
(+)Tubocuratine Ampicillin
d 'WW“M”LWWWMHWMMWuﬂ%d%ﬁm%mmwwwmmuwwmmmmmmm
A A
5x10™y 1074y
(+)Tubocurarine Streptomycin
Fiqure 4

Figure 4 Effect of cefoxitin. ampicillin and streptomycin on the

action of (+)tubocurarine.
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the safety of the compounds in anaesthesia. The B-lactam antibiotics
seem to be safer than the aminoglycosides for using in surgery. The
mechanisms of action of aminoglycosides in blocking neuromuscular
transmission are not completely known. Aminoglycosides might have
postjunctional action through which the sensitivity of postsynaptic
membrane to acetylcholine and the response of the muscle to direct
electrical stimulation is reduced (Pittinger and Adamson, 1972). 1In
this result streptomycin i; shown to have presynaptic action proba?;y
like the action of'Mgz+ as there is evidence that Ca2+ could partially

antagonized the action of streptomycin (Corrado, 1963; Pandey et al.,

1964). The postsynaptic action remains to be clarified.
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Review Article

/4&2;MIN B6 : A CRITICAL EVALUATION OF ITS ROLE
IN BRAIN NEUROTRANSMISSION

Borpit Klangkalya* and Piyarat Govitrapong**
*Department of Pharmacology, Pramongkutklao College of Medicine and
**LNB, Faculty of Graduate Studies, Mahidol University.

Abstract V/

Pyridoxal phosphate (PLP), the biologically active form of
vitamin Bﬁ, is a coenzyme f&r the reactions involving protein,'lipid,
and carbohydrate metabolism; these indlude the enzymes necessary for
the syntheses of several putative neurotransmitters. The evidence is
summarized in this article in supporting the concept that the activity
of pyridoxal (PL) kinase, the levels of PLP and the levels of biogenic
amines are interrelated in brain tissues; the excess amount of bilogenic
amine may inhibit its own synthesis by the inhibition on pyridoxal
kinase or an inactivation of the coenzyme PLP. The effect of vitamin B6
deficiency or vitamin B6 supplementation on the syntheses and turnover
rates of putative neurotransmitters are discussed mainly emphasizing on
brain GABA and dopamine. The enzyme glutamic aéid decarboxylase is
relatively sensitive to vitamin B6 deficiency. The reduction of GABA
synthesis in this case may explain the convulsive effect of anti-
vitamin B6 drugs. Interestingly, intracisternal administration of PLP
or intraperitoneal injection of high dose of PL caused convulsions in
animals. This may be explained by their direct actioﬂ at the synaptic
membranes which result in inhibition of GABA binding. Although PLP is
also required by dopadecarboxylase, the syntheses of catecholamines are
limited by tyrosine hydroxylation and are relatively less sensitive to
vitamin B6 deficiency or to the supplement of vitamin B6' The excessilve
amount of PLP, on the other hand, may form condensation products with

biogenic amines. These reactions, if occur in vivo, can be one of the

modulatory mechanisms in brain synaptic transmission.
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Regulation of Vitamin B Metabolism
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CH OH CHZNH2
H OH
Ij,c CH oH HO | NGLe: W
<———-— H C H3C =
N
Pyridoxine Pyridoxal Pyridoxamine
CH OH CHO CH_NH

:@EH opo l CH20P0§_® HO [ \2 cﬁzopo;'
H,C H,C H.C ~
' é N N

' Pyridoxine 5'-Phosphate Pyridoxal 5'-Phosphate "Pyridoxamine 5'-Phosphate

34U o. nﬂﬁtuﬁuujﬂmauﬁwﬂﬂuﬂ o lusrvniuavauuazing (:) Pyridoxal Kinase;
(:) Ph0$phatase (:) Pyridoxine Oxidase § Dehydrogenase;
(:) Pyridoxine phosphate Oxidase; (:)= Transaminase.
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- Vitamin < and GABA Transmission
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Vitamin B_ and Other Putative Neurotransmitters

voulen) Cysteine sulfinic acid decarboxylase siawnas PLP ({iy
Coénzyme na:ﬁnvﬂu11ﬁanﬂ1w1nﬁaﬁﬂuﬂ LSETRT) ﬁwﬁhéﬂ1uﬁwﬁﬂﬁnﬂﬂuﬂ w AnTnfnns
Funuwey Taurine lutianasmipuay (9 2) woxlunyflvndn0ul s & Turnover
Yoy Taurine lumuovamiouay (49)

su#iuvey Taurine waxzidule) Cysteine sulfinic acid decarboxylase
1uﬂunvquﬁqn1u Hypothalamus, Olfactory lobe war Striatunm vanvntiudy
ns:nﬁuBQTuﬂuaué1uSUq'ﬁnﬂaﬂué1u Tavoranmuaflifu Inhibitory neurotrans-
mitter fawfly wazfunumarsiylunasaivgunimavesyees Tuunagatn n13nd
Catecholamines uazna3ifinoanasdhn (Tusng 5,26)

ﬂ11éuq1:uﬂﬂ1:ﬁﬁnﬁ1ﬁ?ﬂﬂdwuﬂu1ﬂu1nﬁnhﬂnndvﬁa Serotonin ﬁvn1:wﬁund
Tunanosuvevauny Tnofingu 1as 1 Sumusan Raphe nucleus wazfidanouszsanluiny

50uﬁuq 19y Substantia nigra, Hypothalamus was Striatum ﬂunwnﬂunuwnﬂﬁﬁm



29
Thai J. Pharmacol. ; Vitamin B 6

Vol.3, No.1, January-April 1981 Borpit Klangkalya et al.

' ] 3
Tun1sauquaaMgsunie nsuaund AWM g A Sudanuazanwlnun@uny

Imuazussamnaudssnag (g 50,51)

g n13¥LAI1En Serotonin ﬂﬁhmauﬂﬁﬁuﬁu Catecholamines (qmﬁ11vd °)
waz 1 Sudl (Homuaa Tryptophan hydroxylation ifudfunouflahfinnasiie insasy
Serotonin (18,51) udnﬂwﬂsﬁua:tﬁumﬁuwnﬁﬁvﬂu1UJﬁv Ly ﬂéﬁﬁuvﬁu{51=ﬁhﬂav
Serotonin lusuevesfluaytuusununy Tryptophan #la%ulusinasnan (g 51,52)
WFANI1UBuwny Substrate Tufinsun Hydroxylation sqaffdqudniunae 0l auy
aﬂnszﬁhnﬂ1nﬁvquwavtﬁulwﬁtﬂuuU1=nﬂ1tﬁua'ndv nnsly 5-Hydroxytryptophan
1y Substrate Ufjn3un Decarboxylation Tapifuley Dopa decarboxylase
(aromatic amino acid decarboxylase) ifindugananasle L-dopa 1ilu Substrate
USuIn eo 11N (43) aﬁnfuﬂmnﬁiinﬁiwﬁﬂhianﬁsﬁﬁﬁn1ﬂuﬂ w aefduaannio 1fiunas
#9inszn Serotonin nely tutimananoiu L Jovaoy Dopamine w31z fudunou vy
Wiuafi dayamafifeyteaglale

unumueyInaful v lunas#vinsazn Histamine ﬁﬂéﬁnuqnaﬁunén WA 37
sz 1Bunuazauianatveev L Bu el luwnaze Yol muan nﬂ%ﬁnuﬂnq1ﬂﬁtﬂ11:ﬁ Hist-
aminesn ffe LBosuovuazunumuevinaougd w vl iflunaiifin (g 6)

uudwwuﬂd1ﬁnvﬁﬁnﬂ1:nﬁinduﬁaﬂ1ﬂuﬂﬁﬁwwnvﬁﬁ1ﬁuﬂ % #anﬂ1mﬁv1uwnv1:uu
Peptide neurotransmitters Tuausy unumwevianfuds 1y Metabolism way
Tusftu waznsnadTuifudlanatuusznastivlnnannfivuuea un e Lufd ey e @i  fuaiy
UNUmMEeNInNul © ABNIININIUYDNEAS Peptides ﬁwu?nﬁq Ay LUy Enkephalins

uwat Endorphins



A1IF3 LTS ne

Ana0u 0 %

o 3,00uf 1, unsvAu-1umey 2524 ufins nauiagn uazang

¥ T
unal
- -~ o 3 - (1
ﬂngadlnuﬂuﬁnun1u1unauu1nwavuwn1ﬂuﬁ 1ﬁunq1uﬂnu1ﬂLﬁhn1ﬁuﬂhﬂhﬁ1=h11v

NI N Moy Pyridoxal kinase ffuszfiuwey PLP ua:1:ﬁbwavaﬂ1ﬂvn1:uﬁﬂ1:aﬂnnawu

[} - ] o (] A &
¥fln ﬁuﬂﬂvﬁfhuﬁauqauﬁuaq ua:nﬂ1:ﬁhwnuaﬁsavn1:uﬂﬂ1:a1wﬂuqnnnﬂnﬁ o9 fua T udugy

N1 vIuLey Pyridoxal kinase w%avihg s PLP Tounsvilea ﬂhnﬂ1ﬁh11ﬁhtﬂ1ﬂ=ﬁﬂ11

1] 1] z
TINIZUTUIST M Inaduanay

1ovaInImtug B whmiag By Coenzyme voviin3uadeet i duluntador asasr

ﬂﬂ1éun1:uﬂﬂ1:aﬂnna10ﬂﬁn unﬂ11uﬁ1nﬂa11m11uﬂmw1ﬁ1qﬁnqﬂuﬂ‘a Jnawa g fiusin

o A N ]
1un11§huﬂﬁn11.nﬁ1n1v1uwav1,uuN11Lnaqﬁ N1IUIIMIens inYusn0ud © Juananas

- ] 0 e T
ﬁvtﬂsﬁznuazﬂnawn1:ﬁhﬂ11Lnaﬂﬂiuauavu7nuauLﬂﬂﬂTn

. . ' ° £ ) o k
UnumeeNiIanul » senisavnszugtsean GABA amvayUle itumavuumay fs

N9 11 Coenzyme wav Glutamic acid decarboxylase uax GABA Transaminase

- 9 o - (] . i &
ﬁunqsaanqnﬂnatdauutﬁaaﬁvaﬁaﬁuannnﬁ1ﬂvn1:uﬂu1:aﬂn157nun1u N15vIndn0ud »

n?nnﬁ11n§hﬂ11ﬁvnﬁa1uﬁﬂ1ﬂuﬂ ) ﬂha"ﬂmaiuwnvawﬁvﬁhua,nﬂ1wnvﬁuwﬂv GABA ﬂvaﬁw

1lua g I L fimen sl sun1slnsuSaadud o unntﬁuTﬂna1ﬁn11utﬁna1nﬂ1ﬂh1n

ey

LU Aeafiu ﬁﬂnn11ﬂ PL uwaz PLP fuafudy Na—lndependent 3H GABA binding f

nﬁ1aﬂunu1nwﬂv GABA Tnuﬁﬁtﬂuﬁbﬂaaﬁu1un111ﬁnﬂ1n11ﬁh1un1ﬂnaﬁ1n

lunafiuevy Catecholamines ahlﬁﬁﬁnﬁ1nﬂ1ﬂTﬁhdﬁh{1nﬁ1ﬂﬂnn?anﬁ11ﬁ

v - - [} ¢
An0ul v Tuau YEUHARBNIIAN LASIzNn Catecholamines Tusuownsaly ;dﬂvﬂjﬂﬂh

s ~ [ [] L & ¢
1ua1n11nﬂuﬂu1nuuﬂn1ﬂ N3 AUz fMSaq0uld » ﬂ:aquﬂﬁn;ﬁunﬂsn1vﬂuwav Dopa

. v & LI o ] - o ' 7 -
decarboxylase in vivo lauannaasnrzing wazn 11y bulon v Ouanansdainssy

" - ] & g e ° <0
Catecholamines lan%sly thqzwuﬂauﬁnﬁﬁhnﬁ1ﬂhtn1ﬂ:na111naqﬁﬁa Tyrosine

hydroxylationﬁﬁqawﬂnnﬂsiﬁﬁmﬂﬂuﬂ 2 uﬁnqiﬁwu%nﬁwaxﬁu1:ﬁhﬁav Dopamine,

DOPAC waz Homovanillic acid lusuavaau Striatum 1u§nn1uﬁﬂunﬁuﬂnﬁh31u§ﬁ

9§




il

Thai J. Pharmacol. Vitamin g-ﬁ§
Vol.3, No.l, January-April 1981 Borpit Klangkalya eti%f;

In0ul » ﬂuﬁnLﬁu1Uaﬁa11uﬁhTutaqaﬂav Dopamine n*1#nAs ifiutSuanuey Dopamine

37n Levodopa ﬂﬁauniq?unudiﬁfu Levodopa Lﬂuuaqﬂvtﬁu1 Win3un vl 64 findy
Tupuasves 1 T inguantdufasunl e Buronawevinagud AvlvanuszamBamuny
Levodopa lugithe Parkinsonism fla

unnwinﬁﬁnﬂﬂuﬂ S ﬁﬁﬁﬂﬁﬂuﬂﬁﬁ@ﬁﬁnﬁanﬁ1ﬂhLﬂ1ﬁ:ﬁ Taurine Fvpe1ihu
Inhibitory neurotransmitter #andy nﬂ1wﬁn1n{ﬂuﬂ v nhln Turnover rate
299 Taurine 1uanavwauﬁqanav §7un1349 159w Serotonin Tul¥nvuznaufiu
Dopamine Fvflutiufiunauy HydroxylatiOHuwnn{ﬁ Decarboxylation ﬁbqaﬁnﬁauﬁﬂv
ﬁﬁﬁa:ﬁnuﬁndqQUﬂn fia unumuainagud v ABNIININLYBNTEUY Peptides 1uﬂuaq
L2 Enkephalins uat Endorphins :

unumwavIantud flanawuaaionuntl arantlnuey ifunmilneusay
Furauan nﬁsﬁv1n11zﬁﬂn1ﬁvn1:uﬂﬂ1:aiwuﬂ1uwﬁn nown3in0ud g lndszuy
ﬂ1UQuﬁuanadszh{ﬂquﬁunﬂsﬂhLﬂiﬂzﬁ PLP ﬁUaﬂ1ﬁvn1:uaﬂ1=aﬁwuﬁa:ﬂﬂnLuﬁﬂﬁﬁ
Tﬂuﬂnqﬁuﬂuﬂuﬁuwnﬁﬂvﬁuaﬂnlﬂ ﬂdﬁuf1#u1ﬁun11wﬁvﬁuﬂamauav1u1ﬁﬁﬂﬁdiuuﬁ
ﬁvuaﬂv1ﬁLﬁuiﬂﬂnﬁﬁﬂuqaéﬁuadndﬂvﬂu%bu1:n5ﬁvn11nﬁvﬁuﬂﬂvﬂﬁsﬁunﬁ:uﬂﬂv:aﬁw
nawvlnluunasdquvevauey n1A8a~aud ) uw1nuwuiwLﬁHua1uanantnéﬁﬁﬁnﬁhndv
Fviv ifunaudugeuiul usnuaznasfl PL n3e PLP nﬂﬁnnnqnﬁinuwsvﬁatdﬂﬁhtﬂﬂé‘ﬁ
ﬁﬁuLﬁutﬁnﬁﬁnnﬂ1wﬁvﬂuﬂnﬁ1u51u: Coenzyme ina~ff fwnlmindannuneliba lasas
aﬁuﬁﬁnnﬂéégaLﬁna1Uﬂ11uﬂﬁﬁmﬂnvﬁWﬂﬂuﬂ % 1uni1£un5:uﬂﬂ1:ﬂﬁnpﬁu1anéunﬁv

' i ' U U
nIanewgfinsTuuazarulnuniinavinuazusramonaylnadentae 1y




32

1385 LaiYInen A910u d
or 3,aﬁuﬁ 1, unsaau-iuwoy 2524 ufins navfiaun ussang
LBNF1 5098

(1, Snell;E:E., Fasella,p.,, Braunstein,A.E.and Fanelli,A.R.

10.

. Holtz,P., and Palm,D, Pharmacological aspects of vitamin B :

. Sauberlich,H,E. and Brown,M.L. Editors : Human Vitamin B

Editors : Chemical and Biological Aspects of Pyridoxal Catalysis.
The Macmillan Co., New York, 1963,

6
Pharmacol. Rev, 16:113-178, 1964,

. Kelsall,M.A. Editor : Vitamin BG in Metabolism of the Nervous

System. Ann, N,Y, Acad. Sci. 166:1-364, 1969,

- Ebadi,M.S. and Costa,E, Editors : Role of Vitamin B6 in

Neurobiology. Advance in Biochemical Psychopharmacology, Vol, 4,
Raven Press, New York, 1972,

6
Requirement. National Academic of Sciences, Washington, D.C.,1978,.

- Ebabi, M. and Govitrapong,P. Pyridoxal phosphate and neurotrans-

mitters in brain. IN : Vitamin B6 Metabolism and Role in Growth.
edited by G.P. Tryfiates, Pp. 223-256, Food and Nutrition Press
Inc., Wesport, Conn., 1980. :

. Ebadi,M:S, ,McCoy,E.E, and Kugel,R.B, Interrelationships between

pyridoxal phosphate and pyridoxal kinase in rabbit brain.
J. Neurochem. 17:941-948, 1970.

. Ebadi,M., Bifano,J., Klangkalya,B.,, Govitrapong,P,: and Durham,P,

Effect of chronic levodopa on vitamin BG metabolism in discrete

regions of rat brain. Pharmacologist 19:226, 1977.

. Ebadi,M. Bifano,J., Klangkalya,B., Govitrapong,P. and Durham,P,

Levodopa-mediated alteration in the activity of pyridoxal

kinase in rat basal ganglia., Pharmacology 17:149-156, 1978,

Saraswathi,S. and Bachhawat,B.K, Phosphatases from human brain I:
Purification and properties of pyridoxal phosphate phosphatase,
J. Neurochem, 10:127-133, 1963,



33

Thai J. Pharmacol. Vitamin B 6
Vol.3, No.l, January-April 1981 Borpit Klangkalya et al.
11. Govitrapong,P. and Ebadi,M, Microassay of pyridoxal phosphate

12,

183

14,

15,

16.

17.

18,

195

20,

phosphatase in pineal gland using L-(1-14C) tyrosine and tyrosine
decarboxylase. Pharmacologist 20:636, 1978.

Ebadi,M. and Govitrapong,P. Microassay and properties of pyridoxal
phosphate phosphatase in rat pineal gland, 1Int. J. Biochem.
10:705-711, 1979,

Ebadi,M. and Govitrapong,P. The effect of tetrahydroisoquino-
line derivatives on the activity of pyridoxal kinase in rat
brain. Fed. Proc. 37:276, 1978,

Ebadi,M. and Govitrapong,P. Biogenic amine mediated aleration
of pyridoxal phosphate formation in rat brain, J. Neurochem,
32:845-853, 1979,

Govitrapong,P. Pharmacodynamic actions and structure activity
relationship of tetrahydroisoquinoline alkaloids. M.S. Thesis,
Mahidol University, 1975.

Johnston,G.A.R, L-dopa and pyridoxal-5'-phosphate : Tetrahydro-

isoquinoline formation. Lancet 1:1068, 1971,

Klangkalya,B. The role of vitamin Be in disposition of L-dopa,
Ph.D. Thesis, Mahidol University, 1976,

Costa,E. and Meek,J.L. Regulation of biosynthesis of catechol-
amines and serotonin in the CNS. Ann. Rev. Pharmacol,
14:491-511, 1974,

Costa,E., Guidotti,A, and Zivkovic,B . Short-and long-term
regulation of tyrosine hydroxylase. In : Neuropsychopharmacology
of Monoamines and Their Regulatory Enzymes, edited by E, Usdin._
pPp. 161-175, Raven Press, New York, 1974,

Weiner, N, A critical assessment of methods for the determina-
tion of monoamine synthesis turnover rates in vivo. 1In : Neuro-

psychopharmacology of Monoamines and Their Regulatory Enzymes,

2Nt B G R R ] - v s PR Sl



R

34

IITISLaANYINY A FGadu 9 v

o 3, aifuf 1, unsiAu-iuwieu 2524 ulns naaviaen uay awe |
¥ T

21, Baxter,C : Some Tecent advances in studies on GABA metabolism
and compartmentation, In : GABA in Nervous System Function,
edited by E. Robert, T.N. Chase and D.B. Tower, Pp.61-87,
Raven Press, New York, 1976.

22. Tapia,R.Biochemical pharmacology of GABA in CNS. 1In : Handbook
of Psychopharmacology, edited by Iversen,L.L., Iversen, S.D.
" and Snyder,S.H., Vol.4, PP.1-58. Plenum Press, New York, 1975,

23. Fahn,S, : Regional distribution studies of GABA and other
putative neurotransmitters and their enzymes. In : GABA in i
Nervous System Function, edited by E. Roberts, T.N. Chase, and
D.B. Tower. PP.169-186, Raven Press, New York, 1976.

24, Roberts,E., Chase,T.N. and Tower, D.B. Editors : GABA in |

Nervous System Function. Raven Press, New York, 1976.

25, Roberts,P.J., Woodruff,G.N. and Iversen,L.L. Editors
Dopamine. Advance in Biochemical Psychopharmacology vol.19,

Raven Press, New York, 1978.

26, Huxtable,R., and Barbeau,A. Editors : Taurine, Raven Press,
New York, 1976.

27. Iversen,L.L., Iversen,SD. and Snyder,S.H. Editors : Biochemistry
of Biogenic Amines, Handbook of Psychopharmacology Vol.3;
Plenum Press, New York, 1975,

28. Usdin, E., Hamburg,D.A. and Barchas,J.D. Editors : Neuroregulators

and Psychiatric Disorders., Oxford Univ. Press, New York, 1977.

29, Lipton,M.A., DiMascio,A. an Killam,K.F. Editors : Psychopharma-

cology : A Generation of Progress, Raven Press, New York, 1978. ‘
30. Garattini,S., Pujol,J.F. and Samanin,S. Editors : Interactions

Between Putative Neurotransmitters in the brain. Raven Press,

New York, 1978,



35

Thai J. Pharmacol. Vitamin B 6
Vol.3, No.l, January-April 1981 Borpit Klangkalya et al.

31. Lovell,R.A. Some neurochemical aspects of convulsions.
In : Handbook of Neurochemistry, edited by A. Lajtha. vol.6,
Pp. 63-99, Plenum Press, New York, 1971.

32. Wiechert, P and Herbst,A. Provocation of cerebral seizures by
derangement of the natural balance between glutamic acid and

y-aminobutyric acid. J. Neurochem, 13:59-64, 1966.

33. Tnivaswed, Ooz¥ol uas nawfiau, ulns  nalanni indnleelw3nenvas
L] L] .
2719 lauuSun1savnssususzam undnoe nasuszyuivanisuszah tuevauauinga -

[ 4 1 ] s
AITASUNIUSE VA NS MU oco, W,

34. Klangkalya,B. and Ebadi,M. Effects of B6 vitamers, B6 antimetabolites
and B6 depletors on 3H-GABA uptake’into rat brain synaptosomes.

Pharmacologist 20:273,1978.

35. Ebadi,M. and Klangkalya,B. On the mechanism of pyridoxal phosphate-
related convulsions as implicated in enhanced transport of GABA.
Neuropharmacology 18:301--307,1979.

36. Snodgrass S.R. and Iversen,L.L. Effects of amino- -oxyacetic acid on

( H) GABA uptake by rat brain slices. J. Neurochem. 20:431-439,1973,

37. Ebadi,M., Klangkalya,B. and Deupree J.D. The ‘inhibition of (SH) GABA
receptor binding in rat brain synaptic membrane fraction by pyridoxal
and pyridoxal phosphate. Fed. Proc. 38: 772,1979.

38. Ebadi,M., Klangkalya,B. and Deupree,J.D. Inhibition of GABA binding
by pyridoxal and pyridoxal phosphate. Int. J. Biochem. 11:313- 317,1980,

39. Klangkalya,B. Theoretical consideration in the assay of ligand—
receptor binding. Thai'J. Pharmacol. 1(3):1-16,1979,

40. nafasn, ufins waz TnTmmswed, Gus s n1seanguBvevntnangeanes Lwn
nENISIINITURUSEE M Ineniua  undnge nsUszguivanasus sl wavaulnytng -

Aransunvlss inelne win o€€, bdiol.

41.“Tunnicliff G. Inhibition by pyridoxal- -5'-phosphate of y- aminobutyric
acid receptor binding to synaptic membranes of cat cerebellum,
Biochem. Biophys. Res. Comm. 87:712-718,1979,




36

583 LadUInen An0u 4 »
o 3,nﬁuﬂ_1, NN~ LuEUY 2524 ufins naviiae uasane
42. Levitt,M., Spector, S, , Sjoerdsma,A. and Udenfriend, S, Elucidation of

43.

44

45,

46.

47.

48,

49,

50.

o1

52.

thekrate-limiting step in norepinephrine biosynthesis in the per-
fused guinea-pig heart. J, Pharmacol. Exp. Ther. 148:1-8,1965,

Sourkes,T.L. Dopa decarboxylase: Substrates,coenzyme, inhibitors,
Pharmacol. Rev, 18:53-60,1966.

. Levin,E.Y,, Levenberg,B, and Kaufman,S. The enzymatic conversion

of 3,4—dihydroxypheny1ethylamine to norepinephrine. J. Biol. Chem.
235:2080-2086,1960,

Axelrod,J. Metabolism of epinepﬁripe and other sympathomimetic
amines. Physiol. Rev. 39:751-776,1959.

Awapara,J., Sandman,R.P. and Hanly,C. Activation of dopa decarbox-
ylase by pyridoxal phosﬁhate. Arch. Biochem. Biophys. 98:520-525,
1962,

naviaun, ufins uas aﬂﬁvvﬁffmﬁ, 3% unumuevAn0ud v 9o twnn Tulay
voulnfuluauey  unfine N33 uAUINT3Us s Tua v au AN AN U AN ER T U Y

Uszindalne  win ems, béws.

Kopin,I.J. Measuring turnover of neurotransmitters in human brain,
In: Psych0pharmacolog}} A Generation of Progress, edited by M.A.
Lipton, A. DiMascio, and K.F. Killam. pp.933-942, Raven Press,
New York, 1978.

Sturman,J.A. Vitamin B6 and the metabolism of the sulfur amino
acids. In: Human Vitamin B6 Requirements, edited by H.E. Sauberlich
and M.C. Brown, pPp. 37-60, Nat. Acad. Sci., Washington, D.C.,1978.

Jacobs,B.L. and Trulson,M.E. Dreams, hallucinations, and psychosis-

the serotonin connection. Trends in NeuroSciences 2:276-280,1979.

Fuller,R.W. Pharmacology of central serotonin neurons. Ann. Rev.
Pharmacol. Toxicol. 20:111-127,1980.

Growdon,J.H. and Wurtman,R.J. Dietary influences on the synthesis
neurotransmitters in the brain. Nut. Rev. 37:129-136,1979.



unaui U

/@NTITATIVE ASPECT OF DRUG RECEPTOR INTERACTION

300 a8Auns

AU LANUINUN ANEANUAFIENT UM INUAEBEIIRINARUNS

pranmIneengnd lausiufiu receptor  wovifuidunou  Svasd biological
response (fafu  uAnsTUAMNATIWITAINLILAY receptor uavdunsunani i
s laiu tvluglaamsqumiuen  unarufinaaafien1s4auiunmwes biological
response difinfusznavuuaz receptor wovilu Tﬂuaﬁﬁhnquﬁ Occupancy Theo¥y

quﬁﬁﬁﬁuqﬁgﬁu41 RV, NETT biological response flifinfuszuusfiuniy
YlurnwavaisusznautBvaou  Suifinaannassaudiaves receptor ﬁﬁTutnqmwmﬂﬂﬂ
wazazfnisnousuavgugnifle receptor Hununsudafuluanavove”

A.J. Clark 0 eenn laumdnnasfiunlolunisatuiamiviuvannisduwey
undl receptor laulnua (D) sudffu receptor (R) 1aan9Usznou Dedau (DR)

fvidomun1saunal 01¥y Law of Mass Action azla

D% R ==t DRy Koo (DR)
(D) (R)

vJo K funh affinity wevunfine receptor #vifuahavda’mSuuunazufin
sy Inauaui fiuvey receptor = 1
PD = U (fraction) nilvaay receptor Aaumuon
1B = Fmuan receptor M dudwse
R, = flo A2 LYNTUVEN receptor Viwmun AdagamFuuadaiiu q
P . R, , = A2 L VUTUVDN receptor Agutiuen

(1-P)R: = A7 L UUUVEN receptor i Thudasy



38

219919 L n¥YINLA NSNS FusevuRUS Law L g4
o 3,9tufl 1, unstau-iuwaoy 2524 d301 A%Runs
X = AL BNAUYEYL WA FuBiodn X dauannia PRy 4N

P
M (D) = X uazasls

P oo I 5 i X
pip = Ky oo i % SR vaa s s ess (9)

x(l-PD)RT 1+KDX
qun1s (1) ffi3un Clark Equation

Clark ‘luan P 1finwen biological response (E) A inndulnogd ingua

1

21 sty receptor gnfuuin Aaznovil response Anduuanaag

fiviu  E = kP ek (funnavd dnﬂztﬁﬁﬁhﬂﬁﬂ%ﬁuqnnﬁﬁtdnaanqnﬁ

fflu receptor wfinifiv iy
un1319 clark Equation fo¥ann biological response o #fusmuyfgy

Na10UsEn19 Loy

o. Ufh3un D + Re—=DR  aznovithuvuniulunfuy (reversible reaction)
évﬁnuﬁ{ﬂ'Uﬁﬁ%uqﬁﬂ151ﬁﬂﬁuﬁuu1unﬁﬁ WALIEM

I IR oA Lou suyfigudufidutoangnaovla

w. UjA3uafl fe9n receptor Wrunfu Tantadazduuonianaa e i Fumuyfigan .
2ofllulnidoninavnaey in vitro fuiffe 1dofu i dng 011 uffe 1 Jofung n2ely

RN HRTTTHREITVE BE TR ROeee Pry P P

. v flsmdafiu receptor azmpyi{h pure agonist w%n pure antagonist @y
AWA3Ie Jumatedddsnuus Sy partial agonist w%ssquqviaflide’ly
A Ruasznimind ot agonist  usideldsauituead strong agonist iy

e muadl L T antagonist



39

Thai J. Pharmacol. Quantitative Aspect

Vol.3, No.l, January-April 1981 Sareeya Srisintorn

<. ﬁaﬁﬂnﬂsﬂununnuwavtﬁatdadau1ﬁu hidnamTaonsviusunusey receptor
f3aniuun ﬁﬁﬁunﬁsﬂuavwauquwa:Lﬁmﬁutﬂaaﬁuwumav receptor ynMuasWRULA
dmSumuydgweafiiniingwimewla oy luntamasesiiuahld i Sndudanbuewmy
pzin1 Tnoly histamine Tudnszqulnifnnamaiauiale p-chloro alkyl-
amine Thisra antagonist  Cl- lumiunuy P flazas1y covalent bond fiu
histamine receptor naafeL T irreversible antihistamine compound
B9annrannseviinuin wiszfahuoy receptor vavaugniwlay irreversible

. 2 e q ¥ . & &
antagonist luian ﬁﬁuﬂﬂu1$nwﬁ1HLnﬂnﬁsmaUﬂuauquﬂTﬂ flun1InauTIY

goga i intulalaoliat Sussaovly receptor ﬁvnuﬂﬁnuﬁUUqﬁhﬁh(gu1smﬂqn1uﬂ )

' [ ' ] A . )
AINNITINARDWIINAIUTANIN A1 k lusunis E = ke i 0l tunaavdatmiy
receptor wfintiug fluswmndfazuatuiiuin  waznqed log dose response curve
&M ' g P . .
tﬁﬂﬂiﬂﬂﬁﬁﬁ1ﬁh1ﬂ?ﬁlﬂuﬁﬁ:tﬁﬂﬁ1ﬂ competitive antagonist ume13ifinsqn

irreversible antagonist uwaznasfl spare receptor filn

Ariens (1) Tavsudgeaunisuey Clark (ol fhy
E = MPD SEsss st esnsenssesnnsuessssaas (D)
doos = intrinsic activity wavuunazuflalunisduiu receptor uflaifiuafiu

ﬁuﬁ:ﬂﬁﬂadsznﬁqv o (pure antagonist)fiv ¢ (pure agonist)
UnuA9 Py vnaunisfl (o) arln

E = u'l%x L A R N N R R R RN (ﬂ)
1+1<Dx
Fuazifiuannn E ndo biological response nzﬁﬂadﬁuﬁﬁ K WAz oc tiufia

affinity uwar intrinsic activity wevuaiiy 9

n"l‘iﬂ"\u’m-'ﬂqﬂ.'loé Ia* ¥ ‘Q"Il‘lﬁlll"l"‘l'id .\ ﬁlﬂunﬁlﬂnq‘:—hl S T S P



40

2158195 LU N1 IU3uN S TuYeNuUS Lun LB
o 3, atu 1, unsaau-Luwpuy 2524 §3u1  A%%uns

measurement FufTontalanannlauan tisnzdveduauyfzunavg fe'lanatuauen
Aounlafn1sUsuUividatnn Shiuuy Semiquantitative measurement #vaz'lanann

fiunolu

®. N1MIA1 Intrinsic activity (o¢) wpv Agonist

naun1sfl (o) nrsnan %- v X #o wurnvevedly
O ¢ X
1+ K
X
0ln E = B A1weY  x Afdawan insazasi % azfiamaonan e fouiu
Ko fuin 1 feld dieffusslann
X
= ol ; = o
Bl ; B s cersssrrseeesss (@)
*p

a9l («) fazifulain (dofewntmaan intrinsic activity lnna
1avnauey E oy wnsfivevediu agonist wannfllaglaifumn absolute value

A fiaznovluadifu standara agonist fusuiuiu

Fuyf maAn E 28V standard agonist it E° daeela

max max
S
E I.l....'l....l
sk " OCS (¢)
E ol

() / («) __max P
E° ¢
max S

L . »~ L] » ,
ﬁﬂnﬂu1uﬂ1nna11uﬁua111 potent agonist yndvzmovilan intrinsic

activity inifu o  dofuazlaen

Emax = oL tesessnsensces(D)



41

Thai J. Pharmacol. Quantitative Aspect

Vol.3, No.l, January-April 1981 Sareeya Srisintorn

A lasnaunasdl (») 3vifan intrinsic activity weven agonist

#iniu (e ifluuty standard agonist

w. N13¥AA1 Affinity  wew Agonist

1o Response (E) funduntdvusy Maximal response (Emak) doTan
81# Occupancy theory A2 LYVIUTENLA X AL = xsouﬁﬂunﬁﬁ (n) Nn1sn2Y

gun1s («) awla

E i i
e o (4K X 2
= l___‘lll.l..!'.(”)
& %50

TNl (o) zifiuanawnsnann affinity  lalaowrauinuevoafivh
1ﬁtﬁﬂnﬂ1mauauawn#vnﬁuwavnﬂ1mauaunquQﬂ ot nlugul o uasdavlsfalunst
il spare receptor uan q anflazlolils (nezaunas (o) Tlavrsanaunisd (a)

fefauyMzauin biological response azwUsMuminatnau receptor #4ufiuua

a. N19Ann affinity wavwendafl irreversible antagonist

1uﬂﬁﬁ3Uﬁﬁﬂ irreversible antagenist a:flaunasifnduniaufuzawvfio

Dok ‘R =——==> DR wae A+ R ——> AR
o b = (g R = receptor uae A = antagonist
a1ln PA = ﬁquﬂﬂuwav receptor A5ufiu irreversible antagonist
satfu : Y (AR) ceesratecssraaaasnases (@)
A R
T
% > Vi (]
wazon Py = #MYDN receptor fi¥uMu agonist Tuwnzfly antagonist
/ K (DR) OIS0 o By e e e 2T
B, = 5 («)

T



42

257875 LadUInen N1 IUSuRN I UYDNEITUS LU LS
il 3,aﬁuﬁ 1, un3nu-Luvngu 2524 #3017 A%8uns
LH31E9 RT = (DR) + (AR) + (R)
DR
G KD = DRI
(D) (R)

& DR

iy K = {DR)

(DR) {RT— (DR) - (AR)}

[ . > I .
unumn (DR) way (AR) 3na@unis (<) uat («) sawahdu  wazn X unuan
(D) @i Thiwuravavsfigws0ln biological response luwuanidulaufs

: ‘e >
antagonist sauagnan zla

l
RS =D = R
X DR PA

i
K X (1= D)
! D A R R (LT

/
1+
KDX

9190 Occupancy Theory (fo biolpgical response (E ) #Aidandulusnczdg

antagonist vafiv E Heluf antagonist azlann

BEak E TRy Thufiasunas (o) Lﬁﬂﬁu'(eo)
!
KDX . KDX (1 - PA)
1+ KX 1+ KX
1 h d i KDPA sessssse(99)
A (s P_A)x' (1 - p,)

3TN (90) AztfiurIMIWAINIUSIENIAY 1 waz l'LﬁUlﬂuﬂﬁﬁlﬂﬁﬂxﬂﬂ K,
X X

waz P, viuanaedl (Feguil w)



43

Thai J. Pharmacol. Quantitative Aspect.

Vol.3, No.l, January-April 1981 Sareeya Srisintorn
K_P
3naun1sfl (e0) A1 intercept = ?PA
A
A1 slope = .
1-P
A
Fuaelann Ky _ Intercept R e ()|
(Slope-1)

naun1sf (ow) Az ifiularrawasanann K, lau¥anian intercept way

slope NN plot stmav 1 uar 1
X X

<. N1 affinity oy Competitive Antagonist

Tunsfil competitive antagonist agnauazdaunisuuuniulun Suuwdeufiu

dounIy fe
D+ R ——DR ©URY A+R:::AR
1
L (DR) uay R = (AR)
(D) (R) (a) (R)
o A = competitive antagonist 1 KA = affinity 299 antagonist
21N (R)) =  (DR) + (AR) + (R) azla
KA = (AR) eisieie eis sTs Bik D0
@ {r-(oR) - (am)}
Waznn Y = A1 LPNUUYEN free antagonist Auwifia (B)
p. = du2aN receptors wanuaflsauiiu antagonist



44

25817 LadYTInun nsnIRun s YuseavuuUS La Laas
o 3, atiufl 1, unsiau-i1uwnoy 2524 C o @%1 w3%uns

UNUAT AINFUNTT () uwaz (&)
P_R

' AT
luaunas (on) Ky i _
.'- I
- p —
Y Ry pRp P03'1‘
KY (1-p5 )
v A~ - " b
deasln T T H s eass (e

( ¥i+ KAY )

WnUAN P. 3nTN15 (o) aVIUAUNTS (90) uwazdaaunisinuasla

Y |
X
PD 2 KD_ ........(‘ad:)

29
+ +
1+ KX+ K.Y

(fag biological response Lﬁﬂﬁuﬁmﬁunsﬁﬁﬂn%a1ﬁﬁ.éntagonist lalatd]
: .

Occupancy theory azlamn B o By Thifie auﬁﬁﬁ (o) My (oc)
'
KDX h KDX
1+ %x 1= KDXI+ KAY
/
l;-—l = KAY ........-..-.-(‘D‘B)
AN TUNIT (9%) 3{ A Dose Ratio %@V agonist @wnhinfl responseinaifiy
X ;
K, - Dose thio = N €D

oy 31NN13TMA1 Dose Ratio way agonist flvifhiflelnle response fl avfl
(o8l antagonist Tua29u L TuTUAN 9 fiu Aaznilnmaan Ky o gl o
L] L] » »r L} ) 2 - L]
unlunisniaiway K, 137971 thiezasvuulann antagonist dluey fe
competitive antagonist n1sfila  curve @ifhuuuuwuuiy war shift Tunv
‘ n = & [
w71 fafl antagonist o lula i oguaflows  (lovenanscfhiinsneg spare

receptor i Tuaznavdinguadu 9 vusenay



45

Thai J. Pharmacol.

Vol.3, No.l, January-April 1981

0013 Inan pA =
NawN15 (%) ln log (Dose Ratio -
e Dose Ratio = 2

log (2-1) =

azla PA, =

wazife Dose Ratio = 10

log (10-1) =

PRy~

7UN15 (9«) = (wo) PA, - pAlO

1)

Quantitative Aspect

Sareeya Srisintorn

-log Y :
= log Ki= PR ..c.eevnnenes(9R)
i W39 pp = PA,
log KA - pAz
log K, : R L (1.4
PA = PhAy,

log KA = PAlO
log Ky = 109 9 4.venenn. (wo)

log 9 = 0.95

Hoan PR, = PA fanlunaeiiu 0.95 sudfuaafiudvazuaaviina¥manimaaoviu

competitive antagonist



46

A5V LANYIne

o 3,uﬁuﬁ 1, unsaAu-Luw oy 2524

Emax‘

Emax

|

- e = Y [P

J
)
)
[
I

‘\\*intercept

E

NSNS TuravuIfuS Law Lhas

501 @5%uns

Egﬂ 1.fatvuavnsv Log dose-
response curve (fofuSufinilg
intrinsic activity inafu ungd
AWUANAINYDN affinity o '
receptor wflaifivafiu  an Kp wovun
wnazuflna vty 1 1,1 wesl

£ 1
nuaiiu X X9 X3 X4,

o - {
A 2. UFANAIWHITUEIENIY 1
= X
war 1 afinuavnsiviug Lausiy

1 %
Afie intercept

3U7_3 n1ennaovlu organ bath
fade Alafaanldguanvey
wyazinn 1o histamine du

agonist uar mepyramine 1tu

antagonist x 1ruanugay
histamine y i hiuuanunaev
mepyramine



47

Thai J. Pharmacol. Quantitative Aspect
Vol.3, No.l, January-April 1981 Sareeya Srisintorn
ussuynsy

1. Ariens, E.J. and Simonis A.M. A molecular basis for drug action.
J. Pharm. Pharmacol. 16:137-157,1964.

2. Bloom, B.M. and Laubach, G.D. The relationship between chemical
structure and pharmacological activity, Ann. Rev. Pharmacol.
2:67- ,1962,

3. Clark, A.J. Ed, The Mode of Action of Drugs on Cells. E, Arnold
Co., London, 1933,

4, TFastier, F.N, Modern concepts in relationship between structure
and biological activity. Ann. Rev. Pharmacol. 4:51-68,1964,

5. Furchgott, R.F. Receptor mechanisms. Ann. Rev. Pharmacol. 4:
21-50,1964,

6. Nickerson, M. Receptor occupancy and tissue response. Nature
178:697-698,1956.

7. Paton, W.D.M. A theory of drug action based on the rate of drug-
receptor combination. Proc. Roy. Soc. Lond. 154:21-69,1961.

8. Van Rossum, J.M. The relation between chemical structure and

biological activity. J. Pharm. Pharmacol. 15:285-316,1963,



-.Tngit"—'. ".Ih Sr }".zgrh}j[ nwal

g’ﬁ!t-gbw# je-k l!u 1I-r"l-uﬂ+r P aﬁ-‘ |
@m'#mn# l.-r.w 1,. ;ﬁmhw alE; m‘,ﬂu Tﬁ!mi .'{' -

ww!.lﬂnﬂgﬂ J.-fta a0 ffw;ﬁ-“‘ﬁr T:T‘J‘ e *' *‘ ‘f

: .lf-'-' n_|_;_1 :U-I tb s
L = I f[
oLt { ros ‘

| - 1wl il iy -

B e B ey Sl St I\'J$" 1 r

Xt _‘._Jl'iu-l.ii'_‘pl-k-ﬁ!llm,l_l | SN _’:_‘
1 "“L (1) - .

N 4 3] G i v
, H gt
A L IE_‘_ . | . — =
|1 |I | lhu\, _lh - ‘,— (O = L ! v I
h

|

g nu;.g; J-Hf._; R 'm__r'r-ariw,‘. —l &
_L

,LL!J‘I Jﬂ‘__l-*.i_'ﬁll .:.,"b\__?a ;rr—t "'h;lfl_?*‘___l‘l_t-_ - .
S, P A L g AN e by pEEE

Pl Bl

Wy =
i)

_‘ i
e

W PRC| u,r-tu-l-l-rﬁ;mé i




215819 L n¥ginun 49

o 3, atud 1, UNIIAN- LBt 2523

150 AT I SUR LU L309avI1587 5

Anqussawn

" 1 §
21585 ndrinen” (iU F I SUana SN su LAY Sneunvls s indlng
- L] - I
ﬁﬁquﬁxﬂvﬂtﬁaLnuuwsﬁﬂﬂnqs Navﬁuﬁﬁhn1wLnﬁﬁﬁﬂﬂqgﬂ:ﬁnﬂqﬂﬂamsﬁLﬁquav

L] - L] 1] L}
s LF3UN13380uas LaSudsa sfinnadssauvius znvauadn lugatunave
L4
L S ol
v umasSuana s ifioatu ndtnen delavasan

9. 9 Widy (Original article) Hﬂﬂ/ﬂ%ﬂ?ﬁﬂﬂﬂﬂéﬂ?ﬂ (Case report )

L 1 L
LusuvusavuTe vy Lol Ly doeralal Laofifuy lunn 53155y

. UNAWUSTAL (Review article) tunassnusuteyanazaquiansaly

190vn 1 90wnfly

) o .
a. unawfl tasnSaunaaialy (Tudefin tiungoaassahdianay Ladinen niefl

WRuavaviiuvu sy Lnduine
1Jou'la
0. auatufidvinfiarsunoyly Lasfifiuviuaneu nientdsanasfifiunlunasanssu
. tdoviffuiuad tﬂuﬁuﬁﬁmauﬁﬁsﬂqﬁuasLﬂuéﬁvduﬁwﬁﬁpﬂs:nﬂs

a. garwnazarwdna tiulu L Savdituilurrsans iiuuony oy deenzussunsnas
1] ° L > >
Tuah i uszaav iiunevae

5 - [ . L ] [
€. MSFITITAVET LU L Tav ﬁﬁﬂuwuaqaququ we aﬁuiﬂﬂlﬂﬂuﬂﬁﬂﬁﬂﬂﬁ53Q17

N3 19 Souauaiu

L . »r > [ ]
0. Muatun1etiunisnlne nionwdungquila a1 untunineszased i fovde
= [ ] < '
BN nSa01 L unudunquazassil i Savdanten nauuunnd sluusiu
L] s = 102 s
uontulaufdaidon do daana wazfininuveviiousgmonvatunlnouas

AuITINHY

» -“ﬂ L ] L =l
. AUatuAITAUNAAUS SR LUUSINR VNS EAYI200 T LTI Lo



50

3815 LAY I

vl 35 atiuft 1, unsanu-Lu¥aou 2523

M.

snevwiondesaovaugihondsfavduntelucSevtnt]  unun 58nas

Han13%8u  Jansana agU | fifinssulssnaauas tandnsaavy

tona159198v I 1 3uvnwaadui laedinlalu a1 3ey wasfiunilunssnw

L] -~ » -~ .
HENATINNIN N1 52798Y LENE1 39 INEvRInI1Ta s Indnaadusdieil

ﬁaﬂnaﬁuﬁ“ ,ﬁhusdaﬂaﬁu(ﬂanqwﬁiwuiﬁlﬁuv dﬂﬂqa, ﬂaﬁh)
fo 190y douevinsans (Qﬂ5ﬂ1$ﬂﬁ8ﬂﬁhﬂﬂﬁ1ﬁqﬁﬂﬂdﬂﬂﬂu Index Medicus)

tandl nuusn-winganag 9 tuu

Nelson,J.A, and Nechay,B.R. : Interaction of ouabain and K+
in vivo with respect to renal adenosine triphosphatase and Na+
reabsorption. J. Pharmacol.Exp.Ther. 176:558-562, 1971.

n1sa il dadaatidiudrefl
Cohen,G.: A role for tetrahydroisoquinoline alkaloids as false
adrenergic neurotransmitters in alcoholism. In : Alcohol
Intoxication and Withdrawal ed. M.M. Cross pp. 33-44 Plenum
Press, New York, 1973.

nﬁﬁﬁHvﬁuUﬂﬂaﬂuﬁﬂdaétﬂuuuﬂnnﬁﬁ o au Inifoudaianne o aunsn

nuntan et al.

=~ = 7o el et . '
7159 waz/niagulsznauntsfifuvinsauahasuangunasuan T lunszaunawnan
i it = L °
Uidouad s idoundondndu L fiouvunstaiwuniauvi enasay gU wazahaduae
arafluunave inunsiasiifiuiavlunsovauin o minaava1sEnsla lnonsy

(luifiu " x ¢")

W e
nasavauatu

(N . L [ L - -
1ﬂﬂuﬂuaﬂuﬁan1mqﬁnﬂi wioanzussundnasnla  aanavnEaTIInnnSfiunay

-~ s i - £ = o =
atu 1oy T\J‘iﬂllﬂ\lm'ﬂﬂ‘i"mﬁ‘)\lﬂuﬂ ﬁn::uuﬂm:usimqﬁmswm'ammmuﬁmuﬂuﬂ‘:‘s



ok
anuunNg
N 0 ~ qux{ CL( o o
N giwwiny $iin
67/224 AN
H%%W%’ﬁ@% N‘TW‘W%%?

ARV TN 10

s 5702328, 6{@ 3072
iy

/ !



o
0 AN
2B
(AR
W K
6 d °Q°
s &%
& 0&5 .

%s’“ Q\@\ AQOULEaY LATaRTTY
Q\‘?” U5261%4N954N15
oéo@" WAL 1#edn nssumsgIanis

”6‘6@

6{\\9 300 9% 36 .50u
S e
DANAUGUTY Tuashin J3mnungld
BANNINE 2,000 U IlU ASU 36 Liaw
NanBilel 3 whaaveanGuaaunswe

lrﬁwamammugu ez A ﬁhl%ﬁﬁ'ﬁ'lﬁ?h%W E]ULFJ

usuu lnsnmwauu lassnna mnﬂ

THANAKI) CREDIT FONCIER CO., LTD.

/2/8 WW%JNQHM% T\‘]H-] AU 5719.0 WEY' ﬂtfl f]‘a\)l'i’i‘WEJ“H'WHﬂﬁ

Tm 245-3118, 245-3078. 245..3145

VANFIWNUAY For59n 160015 R6s Aagaufa



When allergic rhinitis is chronic

~ Beconase

Trade Mark

Steroid Nasal Spray

Provides highly effective prevention
and relief of nasal symptoms;
itching, sneezing, congestion and
discharge.

Beconase Nasal Sprayis a metered-
dose aerosol which delivers 50 mcg
beclomethasone dipropionate BP
per actuation into a specially
designed nasal applicator. Each
canister provides 200 doses.

Glaxo

Glaxo (Thailand) Ltd.,
P.O. Box 955, Bangkok 1yef.'233-0190——5
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BRANNER PROTEIN

(PROTEIN SUPPLEMENT)

WITH
ALL ESSENTIAL AMINO ACIDS
(FROM U.S.A)

® SUPPLEMENTATION WITH THE LIMITING
ESSENTIAL AMINO ACIDS FOR PRODUCE
MORE NUTRITIONAL BENEFIT.
(MORE AMINO ACIDS BALANCE)
® FOR SPORTSMINDED PEOPLE,
® SUPPORT GROWTH FOR CHILDREN.

BANNER DRUG CO..ITD.

242 RAJAVITHI Rd. PO.BOX 3-81, Tel. 241-0160, 241-0108
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The most POTENT & Economical antibiotic

B I A M 0 X

(Amoxyecillin)

Injection Capsule Syrup

The only INJECTABLE AMOXYCILLIN available in THAILAND -

Agent : Siam Pharmaceutical Co., Ltd. Tel. 2772665, 2770239

(Bromhexine HCI)

A systemically active mucolytic expectorant
. Overcomes the problems of excessive viscous
sputum in acute and chronic chest diseases
. Enhances the effects of antibiotics in cases
of Bronchitis and Sinussitis

. Well Tolerated by Sinusitis

Agent : Siam Pharmaceutical Co., Ltd. Tel. 2772665, 2770239 §
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