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SUItM.i u-mv

The extrinsic Cotton effects genermiteel by the bintling of flufetimiunic acid [N-(a,a,a-

trifluoro-m-tolvl)anthranilic acid], mec-lofenamic acid [N-(2 ,6-eiichloro-m-tolyl)atithmranilic

acid], and mefeuiamic acid [N-(2,3-xylyl)anthi-anilic acid] to human serum albumin sug-

gested that although these anti-inflammatory drugs are hounci to the same hmthng site,
each one takes up a unique spatimul orientation to the protein. Extrinsic Cottomi effects

generated by the binding of flufenamic acid to tlifferent albumins indicated that time drug-
binding sites on human, porcimie, equine, and bovine serum albumins were similar, while

those of canine, ovine, anti rabbit serum albumins had somewhat different asymmetries.

Spectral changes which accompanied the binding of flufetmamic acid to humman serum albumin

strongly suggested that the aromatic l)ortiOn of the drug was inserteti into a hydrophobic
crevice in the protein, while the carboxylate group of the drug iumteracted with a cationic

site on the protein surface.

iN THODI d’TId)N

The binehitig of a sytimmnetric chm’omo-

phone drug molc-culc to scm-urn albumimin niay
generate an “extrinsic” Cotton effect in the

normal cim’cular eiichi-oic spectrum of time
protein (1, 2). Because these extm’insic Cot--

ton effects result from the peiturbation of
electronic transitions in time drug chromo-
phore by an asymmetm-ic locus at or neam’

the protein-biimeiing site (3’), they cami be
used to probe such sites (4).

In t.he preceding paper in this series (2)
it was simown that time extriumsic Cotton ef-

fects generated by time hindimmg of phmenyl-

butazone to human serum albumin (HSA)

could be abolished by introducing hydro-

philic groups into the phienyl rings of the

drug. These i-esult.s, together with ultm’a-

violet and fluorescemmce data, suggested that

hydrophobic as well as electrostatic inter-

aotiomis were important for binding. Tn time

I)uc-sd-mmt. report (lid c-xtnimmsic Cott aim effects
gent-u-mitt-il by time binding of time potemmt anti-
inflamimunatory hrugs flu fenaummic aciih,
rncfcumammmic acith, and mneclofenarnic aciei to

HSA suggest timat although these eiu-uugs am’e

bound to time sanme bintlitmg site, each one
takd-s up a unique spatial orientation to time

i)m0(eihi. Extrinsic Cot tomi effects gcumerated
by the bineling of flufenamic aciti to eiiffer-

emit scm-urn albummiums immtlicate that the drug-

bindimmg sites on unman, pom’cine, equine,
and bovine serum albumins are similar,
while those of caumiume, ovine, 1111(1 iabbit

serum albumins have somewhat different

asymmetries. The spectral changes wimich

accompany time bimmding of flufemmamic acid
to HSA strongly suggest timat the aromimatic

poition of the drug is inserteti into a

hydrophobic crevice in the protein, while

the carboxylate groump of time drug is as-
sociated with a cationic group oui time lro-
teitm surface.
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iI(It(’17(iI.5. �Fhmt- 5(tlitIi mohlim ummiums W’ttc

I)litohimoso-o 1 fu-omim INI mimium H emmt-auhi T�abaua-
(au-it-s. �Fhmc- imummimium, umill ut , mommoI I oovimit

stu-iuumm milbuuiniumm- “,vc’uo cu�u’s( milhiumc-, t lie mt--
unaiumthei bc-lug ( ‘0)10mm Fm-ae-tioum \ ) I)uuit� �-

95(/� ) . itmielm milhuunimi \vmim-s oiialvzc-o I t�vc’i-

umight at 4#{176}migaimist ohistihlc-d ivmitc-u bo-fomo’

051�. Thit- tmit)is( a i-c- dd)0i t omit t)f c-mali hmi( elm

\vmis oItt t-uuniuieo I by lit-at immg mi smmmmiII smiumml)he

to 1050 t)Vetuiighi( - Tht- t-ommec-umt mat ion at

t-mi(-hi all mmiii wmis c-miho-utlmiti-tI wit ii uefc-u-

t-umo-o- to (lie- olmicol mimiIl)Ic. ‘Flit- (aticeuit umo-

tittmm- of t lit- hmuunmmium mimmd hovimio- sc-uiumim mol-

bum tiiitim’ \Vttt tiit-tl-�coh 1)V ummt-misumiiumg t hit’i t

optical ohemmsities mit 280 limp, wiumg E �,,

vahimo-s of 5.3 mind 6.6. mo-sIn-ct iv�-Iv.

Flu fo-uimouimie midit I [.V-o,a,a-( m-ifhumouo- in-

to)lv 1 mimit imumimii lit- mocid , mnc-fc-mmmiummit- aciti

.\�- ( 2,3-x ‘lo’h ) miumthiumimmilit mitiol , mimiol mntt-

loft-u imiummit acit 1 .V- 2,6-thichmhomo- iii -tolvl

miumthiatuihit- mit-it I \Vo’io slmI)I)li(-oh liv 1)m. (

V. \\‘itmohi-u- Pmi ukt-, i)moyis ammo1 ( ‘mmml miumy

‘Flit- u-o-ummaiumiuig .\-auvlan(hmm’miumilmites \Vdt(

gd-tic-menus Iv ohoumatt-o 1 liv I )u. R - C. C t-i’ghew-
ski d)f tin- ‘\ledieal ;\.t-miolt-miiv,(macow,

j�ahmiuitI. o)t \v.-m-o- -‘\-tmthmt-..izt-oI Ioi- thio- nit-thool

of Ulluummimi .5)- Dmimisvlglycitit- ( .\..\-

o Iiuimt-t hivhmo timiuiomimi� iiit ha li-mit- - 5 - u Itt)tll, I-

ghv-iu it-) �vmis pu u-ti imist-o I fu-oun \ In tim i

sd-ardim J�al)at-mi(atit-s. Flit’ oct uimioIt-

Imexmmmlm-e\itl i’m- hmi,imiumiummoiiiumumm I)uaummi(lc)

miumo1 thio sI)cct tOstt)I)i(mi 1lv �mimte 1/ -iit-xmint-

\\tt’t al)t aiuit-o I fuoumi Fishit-i. .‘� II itthiti

o-hmemimicmils \vt-u,o- of ut-agt-uit gtmiolo-.

]Ic!hml.s. (‘iu’mm 1mmu ohiehimoisnm iiitmisii td-

mimemmts ivt-ue mmmaohe at 27 wit hi mi (‘auv 6001

attmmt-hmimmt-uit to the Cmiuv maoit-h 60 spc-ttuo-

I olmitiimic-tt-t. Iii ht-m--.� at iit-t’\Vi�o- st mit to I, t he
td)titetittatloti of X-au-vlmemthiumimmilmott- was

10� �t, H�A wa- 1 .45 )< 10� \I - ammth se�Iituumm

phmosphimitt- l)uftt-t pH 7.4 , 0.1 M. Rc-siult�

hmove lie-c-mi t-x� u’c-sset 1 mi� molmi u cl Ill )t icitits

10 I (oleg . i-tim2 tlnmole1 ) - whitIm wt-tt- tmmlcu-

Imittd fuoumm (lit fauummumhmi

1 00O,,�,.
101

\vhiet-(- 0,.�,, ohse-m-ve-d elhp(ici(v, 1 path
ht-uigthu (et-uitimmmt-teus) , muumoh C nmolmiu- eon-

t-t-tit Imit iou . ‘Fhic’ (1 uma 1 u_c-sumlt himis I �eeii cx-

h)td’Sse’0 I cit hicu iii tcuimms of thic- eommcentratioum
c)f bouumol ohu-umg t)t iii temnms of (hid- (-Oiideti-

tumitioum t)f I-ISA.. missummiiimmg mi nmolccuubmim-

ivc-ighit t)I 69,000. ‘Flit eommte-umti-mition of

houmnoh oluumg i\’mis olc’temmimiuie-ohby ultmafih-

t umltid)ml t Ii tough mu 1)iaflo llid)t hc-I 50 mmlt u��-

Liltumit lOtm tell (-\.ummicoui (�orpau-ation
t(hlmiI)l )dOl �vitii mu P.”mI - I 0 fi htem. 1 )u’uug toum-

(o-ntumit louis \vc-uc- uimc-asumu-t-o I iii mu 13c-ekmmmmui

I)� 5I)d(ttd)l)iiotomli((t’t t-quuipj)c-oh \vith a
( hlfomoI at(michmuimc-mit.

‘Flit- opt it-mi 1 ammisot tol v am’ ohissymmmmt-t my
fmictou- ) ..�#{128} 6 was c-milen Imiti-oh fuom t hi

t-xI)u_t-ssiomi

- Ok

- 3300t)�

whmc-mo- I 0 I A � mmmalmim-c-llip(iditv ) calculated

w-h hi tc-spt-t-t t d) (lid- eondc-umt u-mit ham of boumio I

olmumg ) , ci. � tmlt)lmOt c-xtiumt(ion cocffie-ie-umtof

(lit- olung, mimiol A t lit- wavt-hc-ngt hi of (hi-

ciutulmu oIithiu-oi�mmm immmixiiimimmim.

‘Fime humthiuig t)f flimft’iimiuimic miti(I to IIS.’\
�\mi� oht-tcu-nmiuio-oi liv time- t-iiuihiltm-iuuim ohiaiv�-im.

limit hot I of K lot z ct (11. 7 ( ammoI plot t e-tl at-

tort Iiumg to time uimet hot I of Semi to-limit-oh S

usimmg (Iii-u-t-lmttiouo.Imip

= Ku - Ku-

whit-mi- o- uiuuuiibn-t of liic)ic-s of lim..�mtmio1looummioh

pt-u uumohi- of puot c-iui , ( ‘ ummolat- doumet-nt umo-

tiomm of fm-i-c higaumo I. I’ � mtssoeia( lt)fl (Oumstmuuit

hi(t-us I)o.F miiolc , anti ii � uiuumltt-m- d)I

ligmitith-humiohimog site-s Pit’ uiioht-euli- oif

I)tOtciii.
T)mumsvlglviiume i iimio Is st m’omiglv to a sitiglo-

sitt- atm HSA , wit hi a ooumoommmit mint iumcmc-miso-

imi fluout-sto-mico- ( 2 ) - ‘Flit- mos�aeimutiaui eaum-

St mint S 0)1 ( bc -s-h )hitt iv limuitImumitiilati-s lot

11 S\ � 0 Itt c-mini mit-il liv umiemo�ui uiuig t lit-it

mill hitv to 01151)lmlct thmouisy Iglycini- t-ammmpcti-

tivc-lv 9) . Fhuomesct’tmtc mi-asiumo-mo-uits

� nimio Ic- mit 480 imip wit im mimi A liilul(t)-

Bownmmiui �I )dtt toI)hid)t ofhuuouaimit-t di, uusiimg

miii activatimmg wmivc-he-mmgthm of 350 m�s (10) -

Tin- imii(imih solutioum (2 ml) eouitaineti (lit-

followiumg: HSA, I X 102 M : oimumsylglycine,

2 >( I 0� m ammii sociiumm phme)sphmatc- buuffc-r,

0.1 M ( pH 7.4) . Thmcuc- was no fumi’them’ imi-
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(t�(it5C jul thumoucsccncc wheui timo oommcemmt ma-

tiomm of oIammsyhghycimc �vas doubled, iumohi-

catiimg that sa(uu-atioui of thit- dve-l)imm(Iiumg

sites v.’as conmplete (9 ) . Time’ fhmou-t-scc-umcc- of

time mnixtum-e of tiaumsylghyciumc anti HSA wmis

thmeum mmmeasuu-col tint-lug titm-atioui ivi(lm mi so-

lutiomm ( I0�l � ) of t-ach of time .\‘-pimeuivl-

miumtim ran i ha t �‘ mlti ml logta’m . ‘flit- missoc imutbum

coumstant of each mimmaloguc fat HSA \vmimm

(lieu cmileiihmitcoI fuoumm (in- asso)o-imitiaum tt)ti-

staui( of oImimmiyhglycimmt- ( 2 ) l�’ t lid- mmme(imooi

of Flaummigaum ammd .A.iumsw-ortim (9)�
Partitboum co(ffI(-io-nts � 1 htto-u-mniui�-o I lv

slmakiumg 5 unl O)f mu I O� � -oohiut baum of omi(ii

.\-pimenyhmimmthmtmiumilmutc- ) ft� � �o � Pimos-

phmat’ buffet-, p11 7.4 ( wit ii 10 toil of
n-hmcxaume- eoumtaiuiiuig 1 #{176}// I -t)0t mitlc)h fon 15

imu at rooun (empo-imttuirt and mno-mimuuuimmg t hit

roumceum(u-atiaim o)f (lung reummmuiumiuug 1mm thio

aqueous phmaso 51)0-ct t-ophmotaumic-t uitmihhv. Dii-

fcreumce s� )c(’t u-mi \i(to’ umicmisuu u-i-il iiv t ha -

obumble-ct-h I ed)muiI)t-tmsmi( ion to-ohmumitbumi- of

Herskovi(s (II) . TmuumoIo-mmmoiaul)ic--eammml)miut-

nmcumt ct-his with 1 .0-em pat Ii Ic-tmgt his ) Pyt-o-

cell Mmimmtmfact uuu-iumg Commmpmimmy) wtte lust-il

ium all (-xb)c-uilimt-um(s.All at lit-u-�i ic-ct u-mi �v#{176}-uo-

ol)tmulmTId’(h �i’it im siumglc- 1 0-ommm Pat Ii Ic-uig(hi

tells. Spectumi wc-m-c- i-c-cot-do-il wit ii mo

Shmimatizim \l PS-SO L tlaublo--I to-mitmm

�1 mtctrophmat ommmc-tci-.

REsu Li’s AND uflsCVm�slo)X

‘Flit- symmmmmmctmy uuilcs wimiohi go\.t-tui tiio-

sigmm amid mmmaguiit utde of ml (‘ottoui cileot himivo-

bceuu outilmic-il tc-etumtlv lv Sehiollummami (3 . 1mm

the previous pmipcm lit this st-u_it-s (lit- mil)l)hi-

(mitioti of (hit-st mimics to cxt miumsit Cot) d)ti

cifects was olisousse-ol (2� . Bt’ic-fh’. it umiav

i)t st atci I (limit t hit- spaec mitauta 1 ml thitOtimd)-

pimore mmiv 1o- oIivioic-ih itmtt) u-egio)uis t)f

umegative ammoI I masit lvi’ et�ti tm-il iout lt)ii to mi

(‘ottomm cileot - .\. givc-mm misyuimuumt-t i-ic- i-c-mit i-u-

timay thou-c-fat-i- givi- misc to) cit Ito-u a positive

O)i a mmcgmi(ivc- (‘ottomi cfitnt , tIc�)etmOiimig auo

its spatial u-elatiouiship tc) thic- ohmm-oummophiouo-

which it. Pc-mtumml)s. No tx(uiuisi( Cottoui c-f-

ft-ct svihl bc al)sc-uveol if t lit o-o)umil)ic-x fau-mc- I

bct�vee’um higaun I amid imlmittOumit)lc(uht is laosc

cuiaugh to aIIo�v (lit- asymmmmmmet u-ic et-ui(ou’ to)

c-mit cr rc’giouis a f i)Osit ivc- ammoI mmc-gmmtlvi- cat i -

t u-ibutioum. ‘Flit’ mnagni(imdc- of mimi c-xt m-insic

Cottoum c-fleet will mci-ease as time mi�vumi-

mmmcttie cc-mite-i- aumi I l)ctt it ti )Oi I oh uoummophmou-t

miii’ bmouglmt closcr togc(lmcm- (3). Sotmie use

will he mmmmioht- ito tlmis papcu of (lie tc-mumm

ol)ti(mll miuiisotiopv or ‘ilissymimmnc-tu-v fmic-

tam ) 6 ) - wim icim t-umal ) his (Otmil )mirisOtis to) I �c
umimiolc- lc-twc-cui optically active ah)sOtI)t baum

lmiuiois lmavimmg diffc-it-umt. c-xtiumctioum coefli-
0-huts. Iii puaot icmil temumis t Imis factot- uimav

Ic tatisio It-ui-il mimi es(imatc c)f t lie cmi-

\l tc)uiimmduit mil misVuntm)t-t uS’ cxpc-mic-mmccd I) an

i)l)t ic-mi ll’v miot ivc olmm-oumiai )hmau(-. Time thtort-t -

iemil sigmiificaumtc- t)f ol)(idah atmisot tapy himis

l)(cti ilisdUSsiiI lv Kulium (6) -

‘Fime cim-cumlat- tliohmu-oio spc-etuuun of lISA.

ixhiibi(c-ol mi smiomill umcgmit ivc- thlipticity batal

mit wavc-lt-umgt lis itmimmiedimit clv la-how 320 ui1

Fig. I ) (12 - �l)t)ti t lii aclobitioti d)i

flit fc-mmmummmiomit-it I, a lmimgc-. pasitive ci Iiptieity

l)auiiI mi�)pdmuuc-o I mit 296 tim1.wlmi ho’ mi sunmilber

uii-gmit lvi- 1�mitii I wmis gc-um-imitc- I at 345 iim1i

Iii t u-iumsic (‘at ton t’tfc-tts go-mit-tat eoh I �v

ti-bums mit wmivt-hc-uigt his mil)ovc- 240 nip limivo

go-lit-u-mo 1lv I )doti mitt iilmutci1 t a mouonmmit 1( sit b

-o

1’mo;. I - (‘01(011(11 (Ioe/orot(- .s/)ecll’(z of fbi/c 1101?? 0-,

ntefo’,ou,ittc, (lilt! inec!ofeioaunic oicods ui I/to ��tesi-nee

of HSA (l.4;� X 1O� M)

- - -, 1�buferiiomnic mociob (I )< I (Y� M ) ; � - -

niefeuimouioit acid (1 >< 10� M ) - -- -, mneo-bofeummomio-

acid (1 X bO� M , l1�A (1 4h X 10 2 M ) ;duuie.
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Li
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z
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(1)

Fit;. 2 Ultruriolet absorplioio spectra of flu/en (lOt ic

aCi(1 (Ilone (1)0(/ b001?0(l to /ttIiIiuit SCtOOii (ilbtifliifl

[or (lie flufeuimomuic acitl + lISA. spectrum, time

himink was lISA. All path leuigt us were 1 0 cm. The

cliffereuiee spec) rumni was obtamneil by conihiumimig drug

auitl pro) ciii imi the sample beani mimod sepau-at iuig them

in the reference beam (see MATERuALS ANt) METHODS).

The folbowiumg concentrat iouis weu-e emplayeti:

flufemimimic a-icl, 1 X 10-0 �i; lISA, 1.45 X 10� M;

soclimum phosphate buffet- (p11 74), 0.1 �i.

elmaium immtemactiotis (13). Because time dif-
len-mice spectu-tuni gcmio-u-a( cci by time bimmding

of fiufeumamic acioi to HSA (Fig. 2) did not
show any eviolc-umce of pem-turba(iomm of pro-
teium tyrosine or tm-y�)topIman residues (11,
14) , there sc-t-ummeoi little oiaubt that time ob-
served Cottoum t-ffects werc- extm-insic. 1mmad-
ditiomm, time imc-gativc- elhipticity baud at 345

nl1i. occurrc-d at mi wavelengtlm whet-c HSA
(hod’s not absorl) light, auui hence could only
hmave resuiteth from pem-tuil)atiomm of the
dung cimrornophmou-e. The binding of mefe-
namimic acid and nmeclofetmaunic aciel to HSA
was also accornpmumit-il by time appeau-ance
of biphasic extm-immsic Cottomm effects similar

to those observed for flufemmamic aciel (Fig.
1). No Cotton effc-c(s wet-c geumerateti by any
of these drugs 1mmtime absence of HSA.

Time generatioti of extm-insic Cottomm ef-
fects by the binding of thmese feimamates to

HSA immust miami that th)e resultant drug-

protein comph-xes are fairly rigid (2).
Within timese complexes an asynmmmmetric
locus at or near time proteimm binding site

perturbs two electrommic tmansitioums ium the
drug molecules (Fig 1) - Spec(maI studies

have- simowmm timmit the stm-oumg femmaniate ab-

sorption bammcl at 290-300 nm� results from

resommaimce l)e(wecum time two pimemmyl groups
across time mmitmago-ui, while time weaker band
at aboumt 340 I)),t (seemm ommly as a shoulder,
Fig. 2 aimtl Table 1) is due to electronic
tu-amisitloims occumm-tiumg 1mmthe anthranihic acid
portioum of time niolecumle. Time biphasic Cot-

toum effects geimem-atc-ei by time three fenamate
tirugs must mrmeammthat the symmetry rules
) 3) govem-nimmg thmt intem-action of these two

t-lcctu’ammic tramisitiomis with the HSA binding
site am-c such thmat the protein asymmetric

cemiter i-s located iii a region of positive
colmt.ril)utioum to a (‘otton effect for time simort
w-avelemigth tu-aimsition (290-300 m�tc) , but

iii a re-giomm of miegative contribution for the
bug wavelemmgth tu-ansition (330-345 mp.).
Furthmei-mom-e, eacim tlu-uug molecule must have
a pm-cfcm-i-eei sitie fat- l)inelmg to the pm-otein-
bintiing site; othmcm-wisc Cotton effo-cts of

both sigums woulti be gcumeiated at each
waveleumgtim anci 110 optical activity would

he observed.

In ami attemumpt to dc-termniume what pam-am-
e-tci-s w’em-e iumipai-tmiumt for time geno-u-ation of

extrinsic Cotton effects by timese duugs, the
iumteraction of othiem- X-phienylanthmranilates
with HSA was stuohieoi (Table I). With the
exception of N-pimt’mmvlantimranilic ado! and
N- (3-met hmoxvphieuivi) anthranhlic aciti, all
time analogues stuuohid-dl gemmerateci biphasic
-xtuinsic Cottomi effects sinmilar to those oh-

semved for the timm-ee oimug molecules (Table

1). It would appear, tiiemefore, timat the
mmmajoritv of time X-phmenvlanthmranilates had
simnilar spatial relationships to time clung-

bintiing sites Neveithmeless, eacim analogue
expericimceei a slightly different asymmmmet.ric
eimviromiment, which imm turim gave rise to a
unique dissymmcti-y factor (Table 1). Dif-
ferences w’ere obsctved among compounds
wimicim ��-em-e positional isomers (cf. 2-, 3-,
ammtl 4-cimboro cheu-iva(ives, Table 1) - The
successive replacc-ment of chlorine by

bromiume and then iooline resulted in a ele-

ct-case of time dissynmmetry factor at time
lower wavelemmgthm but left the higher wave-

leumgthm factor relatively uncimanged (Table
1) - Time increase immtime bulk of the halogens

‘C. V Winder, personal commumnication.



1’li umiviolet al)soup (iou

maxima

l� W’avelemigtim

ciiim ((/((/ - Cut2 (into/C’)

?fl�L X JQ� ultuL X 1O� X 1O�

C6!’2, 257 134 307 +100 +4.46
325� 049

4-Cl-C6H4 291

330e

1 .55
0.60

293

344
+1 .97

-0.91
+3.�7

-6.00
3-Cl-C6114 258

330c

1 . 4()

0.54
306

342

+ 1 97
- 1 17

+6.49

-5.06
2-C1-C0H4 256

33W

137

(051

315

343
+0 50

-0.45
+3.75

-3.53

4-BuC0H4 292
34W

162

0)54

297

344

+1.79

-0.93

+352

-5.57

4-I-( ‘0114 294

340-

1 . 7(0

0.67

30(0

347

+ 1 .56

- 1 02
+2. MM

-5 74

4-C1I()-C61I, 253
330c

1. 11)
0.65

255
327

+ 1 77
-102

+471

-645

3-ClbO-C6[14 304 0.94

4-C21-I�()-(’0Ii4

340’

254

325e

046

124

049

324

254

325

+092

+093

-040

+4 65

+227
-1 .66

3-C2113( -C011 290

33W

1 15
049

300
341

+2.06
-051

+6(01

-3 65

1-Nmtph hyl 337 095 337 -0 72 -2.32
2-Naph)hyl 307

44()
1 52
084

304
355

+345

-0 93
+7. i;�
--1 03

3-C1-’3-C0l1,, 28S 1 24 296 +2.01 +570
(flomfemoamnie acid) 322’ (054 345 -069 -704

2,6-Dichloro-un-tolvl 277 0) MM 302 +0 44 +2. 40)

(mecloifeuimimic acid) 315 (1 56 332 -0) 36 -2 MO

2,3-Xylyl 254 140 292 +224 +470

(mefemiminoic ac-id) 332 (0 64 340) - 1 44 -6 54
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TABLE 1

Molar ellipticities of A-arylant/oranilates bound to h oiuuiun serum ulboi moo

COOH

R -NH �

- �I.�aIc-tuiaiecl ovit ii u-efeu-euoc-e to 0he tomio-cmu umitiomo of boumoci olmoug.

#{176}()ptit-mol amiisotuiipy tim- clissyniunetmy fmoo-ttim.
Shoiuloleu.

Circulmir clichm-oismn mnmuxima

\\miveleuogtii LOla

in goitmg frotmm chlorine to iotiine may have
resulted in an immcrease in time dis(ammce b)e-
tween the asymnmetm-ic locus anti time per-
turbed chromopimome, timereby ciecreasing
the stt-engtim of time immtct-action. Meclofemi-

anmic acid was nmuchi less immfluemmced by time
asymmetric emmvironmemmt timan were time

other N-pimenylammthranilates (Table 1).

Once agaiui it is possible that time bulky
chloi-iume anti methyl substitucimts cam-tied

by this clung molecule may have pm-evetmteti

a closer itmteractioum w’ithm time biumdimmg site.
Replacement. of the N-pheuiyl group by
N-napimthmyl proehucetl a new series of opti-
cally active 1)am)dis (Table 1)

\Vimile ext mhumsic Cottoum effc-cts caum he
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I’ABLE 2

Molar dlipticities of flufeuoaun ic acid bound to

differe,o I seroo in (111)00 Ut ins

Serum \Vaveleumgth

alboumin mmmaximiuuim 0)’ �o

to/eq - cut2

il000l(’’

1)1/2 X 1O� X JC$

Houmamo 296

34.5

+2.01

-061

+5.70

-7.04

Porcine 292

352

+ 1 .90

-031

+4.43

-3.92

Equine 292 +0) 49 + I 14

34M -0.36 -363

Boviuie 305

34M

+077

-026

+2.65

-263

Camiiuii 295 + 1 05 +2 64

Ovine 302 +09(0 +254

Habbit 297

3250.
+ I .23
+0.40

+322

+195

a (�a1o1tilmiteii %s�i) Ii mefeuemio-o- iii 0 iii- o-omioemit mmiiioomo

i)f houumil tim-tog

b Shommldem-.

umsc- I to stu( Iv t he om-it’mitmit ld)ti c)f higanols at

the sanmc liumoiiumg sitc-, thmc-v mmmv also re-

fit-ct. ibiffercuuo-o-s l)c-tw’cc-mm bimmtliumg sit c-s (2) -

Tlmc 1)ih)hmasi( Cottaum cffcets gc-uic-mmitt-ob when

Ilumfc-natmmie ac-id bouuuiol to pam(-itmc-. c-quiuie

miimd bovimme se-uummm alluummiuis iuiobiemitcd that

ti�mc- himieiiumg sites oum tilt-mo- ptotcitis weti’

siummilat- to those of HSA (Talhi- 2 ( - 1mmcon-
trust, caumiumt- miumti avimme seu-uuumm mill nummmiumsatm by

pc-rtuu-beth thic- shout wmivt-lc-umgthm tumiutsitiami
of flufeuiammmic acid, suggcstimmg that time

misymuimetric (c-mit (t 011th uiot iumti-umict wit hi

the atm thiraumi lie at-li 1 pautioum of t lie obmug.

The hinthtmg of fhmfenaummio mit-ni to t-al)hit

serunm albimunium ( Tablc- 2) was ummiqut- hum

tlmat it gavc- mist- to atm ext tiumsie Cottoum c-ffc-ct

witlm two j)t)siti\c ummmiximima. It is tid)ti--

wou-thy thmit the- liuidiumg sito- fou- phic-umyl-

buutazaumc- oui ualb)it st-tutu mill nuuimiui mobso

o biffeis fu-oumm that of otimt-u allumuimimms ( 2 ( -

Thmc bnmdiumg of 1lufc-umaumiic mit-lob to HSA

was ummemisumuc-ob by c-quihihiuiuuumm tbimibvsis, amuob

the re-suits wi-ut- phattc-tb hum t lii- fou-umm of mo

Scatciimird cut-vt- ( Fig 3 0 - WIt-mm to was less

than 2, ui/r lt-caummc iuufinitc-hv lmiugc- bc-cmiuts-

mill t lit- flit feumaumib- at-id apjmcaue-tI to 1)0-

boummch Fat- t lois reasaum, omilcubmitioum of ium-

(hiVidimfll Il5sOCiIltlt)ti coumstaumts fat- time 1)111(1-

iuig sitcm was umat attcmlml)te-(b Nc-ve-rtheless,

it oliol mt�)pd-miu that IFISA Intel at least thu-ct-

l)iui(bing mitos with a vemy high affinity fom-

fiuufc-mmaniie mit-it! It wmis tiot sumu-prising to

fluid, thic-uc-fom-c’, that ��-hmen a fixc-d concemi-

t.uatioum of HSA was tittmite-oI with imucremnemmts

of fiufc-naummio- acid, timo- misc in t-ihipticity at

295 Hip, was u-mmpnh uumtil c-mit-hi umiole of 1)10-

tc-ium immiob baummob 3 mmmabc-s of chug (Fig. 4)

Fumm-tht-u- additiamm of flufc-ummiummic acid pro-
obmuec-tI auily mi sunall iuiciemtsc- in clhipticitv

Fig. 4 ) - Thus time- liumthitmg of flumfemmaummie

mioiib to thic thu-i-c- higim-affitmity sitt-s Oti HSA

geumt-u-att-oI stu-c)umg c-xtu-immsic Cottoum effects.

��hibc- hiuidiumg to thmt- haw--affimmitv sites gave

misc to unuchm wt-akc-u c-hlipticitii-s This sup-

b)Orts thit- hypothesis timmit stm-oumg extt-immsie
Cattaum c-ffc-ets oumlv at-c-ut- �vhmcmm the cotiiphcx
bt-twe-t-mm ligaumd amid tmmaem-omnalccule is i-igid.

‘Flmc- titu-atiaum o-urve Fig 40 showed soummc-

eviihe-umc-c- of sigummoiob o-hmmiumic-teu, -ouggcstiumg

eitimc-rthat a o-aopc-m-ativo- c-ffect oceurreib It’-

twec-mi sitc-s. at thimit ammo- t)f time sttotmg 1)111(1-

iumg sitc-m-i iumdutc-t-tb a lam-geu- c-xtu-iumsic Cotton

effc-c-t t Immiumoliob thit t)t iitmm-.

Timeuc sc-c-uums to be bitt hi- oboumht tlmat

(-lc-ot mast at it- faut-es play atm imnpou-tamit t-obt-

1mm t lit- liuutlimmg of auuiammic- dmugs to) sc-tutmi

ahlimtmmimi (15 0 - 1mm aecot-d w’ith time- sumgge-stiaum

of Skitbumioto- amid Whmitc-houmse (16) that thmo-

30,-

0

4. $‘crttclturd /)191 of hoe bo Ft I’ nq of 1!ufenutn to

(1(001 to HS’;l

All nme:osoum-ermmemiis were rnmttle in the presence of

01 M soicliomuimphotsphmote Inuffeu, pH 74 r = number

of moles tf flomfenamic at-id 1)onmmod per mole of HSA;

(‘ = in iilmom’ti aio-emo(mmiiiomi of fm-ce fimufemoamic acid.



n

1#{149}

COOH6 5

�NH�)4

0

X 0-5

:a�

2-Cl
.

26-diCi,
3-CH3

I I I I -

-04 ‘02 00 02 04

2

LOG P

l’uOL 5. 1?(’I(lIiOPiS/tip bettt’((’It b/ti’ o1.SS’o(i(IbiOlo (10)0-

,sbauot,s ( K of bloc \-p/teioylaiol/irunilales- for lISA (lUll

tloo’ir pat-hi/ion (‘O(�fflCu’n Is (I)) b(t u’eeui ,t-lie.za,oe (con-

toio,o inq I % I-O(Iano!) (10(1 01 M 50(1000110 /)‘�00/)habe

4 6 8 hoof/er, /)JI 74

BOUND FWFENAMIC ACID (Mx io�)

LoJ
0
z
4

m

0
(I)

4

240 260 280 300 320 340 360

WAVELENGTH (mp�
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l’ma. 4. I?eI(l110no/tip l)(-bu’een nooloir oIIi/)ticitoj 0)

inea�ured at 295 no� UIi(/ bloc concenbrabioio of botoitd

flufenamic acid

Molar ellipticitv was cmik-tulatecl wit Ii rcfeu-euice too

the concentration of HSA, which was 1.45 X 10’ M

All mea.suurements were macic in time l)rcasemuoe oif 0, 1 mm

sodium phosphate buffer, pH 74.

#{128}-amimmogroup of lysine mimmiy be thmc- 1)Oitmt

of attacimnmeumt for anionic drugs, uummpuh-

hishmed work 1mm our owum labou-at au-v has

shmow-n that pu.iou tucatmmmcumt of 1-ISA w-ithm

()-methmylisourc-a 0)1 sumcciumic mtuihmydride

oIrastically n-olucc-s time- biumihimmg of flumfe-mm-

aummic aciob. Howevt-t, mi oumc--paiutt c-li-otto-

static attachmummeumt of fiufc-uuaummic aeiib to

HSA would allow timo- ohruug molecule to

rotate freely, tlmums puechudiuig thmc- ge-umt-u-

ation of c-xtriumsic Cottoum (-ifects It has been

shown (20 for pimc-mmyibutazommc- timat the cx-

triumsic Cottomi c-ffc-cts g(-umc-rated by himmoiiuug

to HSA depeumd tmot. oumly atm t-hN-tuostatic

iumteractioums hut also otm vaum ole-u- \Vaahs mit-

tractioti hetweeti the h)im(tmyl guaups of thc-

drug amid a hydu-ophmobic arc-a atm timo l)ta

tehum lim oroit-u to obete-tuniumc- what i-abc-, if’

aumy. iiyolrophmobic imitc-rmmctioums playei I in

the i)immobiulg of X-phmemmyhaumthu-aumibates to

HSA, atm atteuiipt was mmmacht- to cot-u-elmute tiuc-

associatioum coumstaumt of a giveui aumaboguc-

for HSA wit hi its imexaume wate-u- partition

coefficic-umt (Fig 5) - Associatioti oommstaumt�

for the A’-pheumvlammthmranilates wi-re detc-r-

tnitmed l)y mimc-asuring time-it ai)ihty to

displace dansyiglycinc- cotmmpet it ivc-hy fu-onm

0
0
-j

58 H
S
S

56 �
-06

HSA (sc-c- MATERIALs AND METHODS) - Timis

mimi-thai I was eniplovi-ob hc-c-miiusc- nmumltiphc-

hiumcbittg sites ( Fig 3 0 tumult- thuc- cotimparisoti

with u-esumlts ohtaimmt-ol fu’ammm equiiil)riutmim

tbialvsjs difficult. 1mm aibditiomi, the thaumsyl-

glyciumt--hinoliumg site atm HSA has bet-ui

shmowuu to he locmitc-ib ium mi imydmophohic

u-c-gioum of time l)rot(-iuu ( 2 ( , w’im-re short-

u-amigc- dispersive int(-u-actioums bt-couiie iumm-

l)outaumt for hiumdiuig Wimibi- t hmeut- appeared

to It- sotime coru-iatioum l)etweeui thmc- associ-

1’ui - 6 ( 7trotoolet (Ibsorpttwi sp(’(IIa of fltofenani t(

acid noeasuo’(-d in I/ic preseitco’ of 005% celriinide

Blamiks ci omit aiuiecl time o-ormespoumch rig solvent, wi oh-

tout drug All path lemigths were 10 tm The differ-

cute spectrum was obtmunecl by placiuug the cetrimide

siolut 10)11 tof flufeumamic at-it! imi time sample beam and

he aqueous so)lIut itoui in the u-efereuoce beam All

solmut ions (-nuitmoimied 005 mu so(limum phosphate, p11

7-4.
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atioum catistant aumoh time imc-xaime/watcm’ l)a�-

titioti cot-fficio-mmt of a giveum aummihogumc, soune
of thmc- �\-phmemi�lamithmuaumihates gave atmonma-
bus results (Fig. 5) . This suggested timat

fmietom’s other timaum shuort-mauige clisl)eISive

iumh-uactions imma�’ have to be taken iuito coum-
sido-u-atioum . It ��‘as l)mtut icuhmim-iy mmotcwortlmy
that. time associatiomu cotustammt of mmmecho-

feumammmic aciol fom HSA wmis immucim lower thaim
woumid have be-c-tm i)mc-thictodI fmamim its par-

tithoum coc-fficient (Fig. 5)

Thic ultmaviolct ahmmomptiamm spect u-nun of

flumfemmanmic acid was also shifted to lotmger

wave-it-ngt his au i)iumtbitmg to HSA, witim a
concotumit amit. iticrc-ase hum c-xtiumcthomi co-

efflcic-mmt ( Fig. 2) - Timo- simal)e anti locatiomm
of time re-suultaumt. cbiffeueumcc spc-et uumim (Fig.

2) woultl tmot huavc- u’esuultc-d fm-omn a pcI’-

t.urlatiotm of time aromatic t-esieiues of HSA

(11, 14) . It was foummd, howevc-r, that time

simtt�ttil shift ohsem’veol whit-tm flufenamic acid
was houumd to FISA was qualitatively vet’y

simmmilar to timat seeim w-hmetm thit- dn.mg was

dissolved him a sohutioum eoumtaimmimmg time

cat ionic thctem-geumt cett’imhile (Fig. 6) . No

o-ffi-t-t atm timi- absotptiatm spectuuuumm of

fiuufeuiaumiic achh w’as seen at o-c-tmiuimide coum-

rctmt u-mithomms 1)0-low t hit- (-u-it heal micellam- coum-
co-ntuat iaum (OO2�% , mm-/v ) or hum time prt-sence

of thio- mi’mianic tbeteigc-umt soohhuimm lmiut-yh sul-

fatc Thmums thit spectruil (-hmmiumgc-s ge-mmcu’ated
Iv fitmfc-umamimi ac-ui atm biuuohimmg to lISA

(011101 1)0- thuphicateti Iv tlissolvimig time

mim-aimmat he pout iaui of time cit-tug hum a immicelle

whmilo- milbowimig thii (-au-l)oxyhate grotup to

m-cimmaium iii timo- ailumi-aus imiethhitmmi iii associ-

motiatu mvithi a tltumittutiatV ammiuiiotmiummum immoictv

This waulol suuggst that time HSA bimm(hhumg

shto- fat- fiufi-uuaummie aeiob t-ouusists of a eati-

oune sit 0- omm time- situ-fat-c of the pm’at t-hmu with
mo hivdu-ophmabho cit-vice to ateounnmaohatc the

phmcuuyh u-humgs It. is thmo- misyummummc-tu-v of this
crevice which is u-c-fit-ct eih liv time t-xt uimmsic

(‘ott aim t-ffccts gemmeumitc-oi by time 1)iumding of

tin- feumanmato-s to USA Aim e-xammmiuiatioum of

tmmolttithmit’ mmmo(lehs showed that time chihouimme

Sui)sthtlittits of mc-chofc-umaummic acitl fau-eed

time twa phmemmyl guoups hmmto plammes wimicim
wete nmututaliy at iigimt aumgies If time

lmVtitah)hial)id ct-tm-icc- available for time
biumdimmg of the fc-umamimates is imarrow, it is

easy to so_c- hiomm’ ummeclofeumanmic acid might

imave ehifficuultv ium emmto-rimmg. This woulci cx-
plaitm 1)0th thmt- low’ ohissyuimtnctt-y factor

(Tablc- 1 aumei time i-elatively snmahh associ-

ation cotmstmtmmt (Fig. 5).
Thus stumhy has show-mm how an exanmina-

tion of time optical pt-operties of cltug-

alluimmiti coummphexc-s, pau-ticutlat-ly their e-x-

ti’iumsic Cottomm effects, catm \‘iehth infom-nmation

atm timi- imatutu-t- of time hiumoihumg sitt-s itmvolved.
It is to) i)e imopeth timmit saint- of tiiese tech-

umiqucs immay l)e utsi-ful in time study of
dm’utg imuteraction whthm othmer biological
immacroummohectu ic-s -
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