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SUMMARY

The relationsimip betweeni the physicochemical properties and unicoupling activity of
flufenamic acid [N-(3’-trifluorometinylphnenyl)annthranilic acid] and its structural analogues,
which vary in position 3’ of tine phenyl ring, has been investigated. Some of these compounds
are known to be potennt annti-inflammatory agents. Their physicochemical properties were
compared with their uncouplinng activities, measured as their effects on State 4 respiration

aumd on the ATP-P1 exchange reaction of rat liver mitochondria. The partition coefficients,
determined inn n-heptane--H2O, n-hexane-H20, and chloroform-H2O at pH 7, increased with
introduction of hydrophobic groups such as -CF3, -CH3, and -C6H5 into N-phenyl-

anthranilic acid, and decreased with introduction of hydrophilie groups suein as - OH,
-NH2, and -SO3H. Compounds with large partition coefficients mad higin unneoupling

activity, and tinis correlation was highest in the chloroform-H20 system. The formationn of

a dimer inn the organic solvent phase was strongly suggested inn chloroform, but not in

n-hexane or n-heptane, witin compounnds possessing -H, -CF3, -CH3, or -NO2 at posi-
tion 3’. Higher uncoupling activity was correlated with larger pK� values. Also, ann important
role of the hydrophobic nature of tine acids with respect to uncoupling was confirmed for

compounds that had similar ionization constants but differennt unncouplinng activities.

INTRODUCTION

Nonsteroidal anti-inflammatory drugs are
known to uincouple respiratory-cinain phos-

phorylation in isolated mitochondria (1-4).

However, little is known of the role of energy
supply in mitoehoumdrial metabolism by

vascular emidothelial cells and connective

tissue during the inflammatory response.
Moreover, the mechanism of action of
known uncouplers, such as dinitrophenol

and dicoumarol, in respiratory-chain phos-
phorylation is not completely understood.

Several mechanisms have been proposed on

the basis of chemical (5, 6) and chemi-
osmotic (7) hypotheses regarding the mecha-
nism of respiratory-chain phosphorylatiorm.

Of a series of N-pheimylantinrarmihie acids

95

reported to be aumalgesic annd annti-innflanmnma-

tory agenits (8, 9), tine most potenit was
flufenamic acid [N-(3’-trifluorometluyl-

phenyl)annthranilic acid], which possesses a
trifluoromethyl group at position 3’. Like

other mmonsteroidal annti-innflammatory agents,
this compound is also known to be a potent
uncoupler. Whitehouse (10) reported that aim
unisubstitut ed carboxylic group, an o-iminmo
group, annd aromaticity are required for tine

uncouplinmg activity of N-substituted anthra-
nilates. In the present paper we have studied

the relationship between physicochemical
properties and uncoupling activity in rat

liver mitochondria of a series of N-phenyl

analogues of antlmranihic acid in which the

(hemical structure of the pheniyh ring mi-as
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changed by introduction of various groups

at I)OsitiOIm 3’.

MATERIALS AND METHODS

Flufenamie acid and otimer derivatives
were kindly supplied by Drs. Ikawa aimd

Fujihira of Taisho Pharmaceutical Corn-

HOOC CF3

I. Flufermanmic acid

painy, Tokyo. The meltimng points of timese

acids are shown un Table 3 along with otii.er

physicocinenmical l)arameters. Rotenone ms-as
a gift from l)r. Nishizawa, Sumitomo

Cimemical Industry, ()saka. it-Hept tune,
n-hexanne , annd chloroform were purchnased

from Xakarai Chemicals, Ltd., I’�yoto.

Rat liver nmitochondria were isolated by

tine method of Hogeboom (1 1) as described
by Meyers and Slater (12). Proteinn sm-as
determimmed by tine biuret metinod (13). All

reactions were carried out in mixtures con-

taming 25 mM Tris-cinloride buffer (pH 7.4)
30 nmxi sucrose, 5 m�n i\IgCl2, 2 mxi EDTA,
and 15 nmxi KCL in a final volunme of 3 ml.

Oxygenn eon..sumptioun ms-as nmeasured witim

a Galvanmi electrode as described by Utsumi
et al. (14). Time ATP-32P1 exchange reactionn

was determined by tine metinod of Hagiinara

and Lardv (13).
Partition coefficienits mvere deternnimied by

shaking 10 ml of 10�-10� xi solutiomns of
each \rpin(Ii\.lntintiiranihic acid derivative

(un 0.1 xi phosphate buffer, pH 7.0, unless
otinerwise stated) with 10 ml of organic
solvent for 48 mr inn a mvater batin at 23 ±
0.10. The acid concentrations jun the aqueous

phases ms-crc determined from optical density
at ann appropriate ms-avelenmgth before aum(1
tufter equilibratiomm, unsung a Hitachi double-
beam spect rophotomet er, model 124.

For (leterminmation of pI’ values, 2-3 mg

of the compounmd to be tested were dissolved

in deionized ms-titeror in dilute NaOH solu-
tionn (ontairnnmg 3-10 (v/u) % acetoime. Tine

solution ms-u.s titrated mvith 1 N HCI, using a

PH-stat (Radiometer, type TTT-1). Time
inmfluenmce of organic solvents on pK values

ms-as regarded as nmegligible, Since this effect
Imas beenm reported to be significant only

ms-lieu tine solutiomn contains at. least. 20 %

(v/i’) organic solvennt (16-18).

RESULTS

Uncoupling activity of \T_J)imelmylanrlim ra-
nilic acid derivatives. Flufenmamic acid is a
strong unicoupler of oxidative phosphoryla-

tionn in rat liver mitochondria, sinmce at a

concentration of 50 i.csi it caused complete
inhibition of time ATP-32P1 exchange react ion

and induction of ATPase activity, and
diminnisined respiratory (ont rol as effectively
as dinitrophenol at tine same conncentration.

1”igure 1 shoms-s the effect of N-pinenmyl-
anitinranilates on tine respiratioui of rat liver

mitochonmdria in time absenmee of rotenmone.
The unrouplinmg activities of the acids ms’ere
takeum to be tine same as tine councenitrationis
giving maximal effect oin respiration, and

are sinomm-n in Table 1 . The order of potenncy
of tine compouinds as respiratory stimulants

msas esseumtiallv tine sanme a-s tine order of

their effects oun tine ATP-P� exchannge
reactioni (Fig. 2). Analogues possessing

invdroplmobic groups sucin as -CF3 (flu-
fenamic acid), pinenmyl, -Cl, nmapinthyl, and
-3 (mefenamic aci(l) displayed higiner

a(t ivitv titan conmpouinds mvitii hydropinilic

groups sumdi as -OH, -SO,H, -NH2, or

-X(CH3)2.
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FIG. 1. Effect of .V-phenylanthranilates on re�-

piration of mitochondria in the absence of rote-

none

TJncouplers were added to rat liver mito-

chondria (5 mg of protein per 3 ml) to promote

succinate oxidation under State 4 conditions.
Inorganic phosphate, 10 m�m; succinate, 6 mit.
DNP, 2,4-dinitrophenol; FA, flufenamic acid.
-NO,, NH,, and -N(C11,), represent N-

phenylanthranilic acid derivatives in which groups

are substituted at position 3’ of the phenyl ring.
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(Tncoupling aclim’ity of N-ph en ylanth ran i/ic

acid derivatives

Uncoupling activitv#{176}

Activity

- relative to
Concentratiomu

tiufenamic
acid

M

Substituen t

3’-H (N-phenmylammthra-

nilic acid)

3’-CF3 (flufenamic acid)
3’-Cl
3’-CII,

3’-NI-l,

3’-NO,

3’-SO,H
3’-N (CH,)2

3’-OH
3’-COCH,
3’-OCH,
N-Naphthyl
3’-CH6H5
2’,3’-(CH3), (mefenamic

acid)

2.4 x 10-i

3.6 x 10-�

6.5 X 1Q�

1.3 X 10�’

7.9 X 10-’
1.2 X 10�

1.1 X 10’
3.8 X 10-i

1.3 X 10’
4.1 X 10’

2.4 X 10-i
6.7 X 10-i

4.8 X 10-s

15

100

55
23

5
30

3

10

0

9

15
54

75

1.0 X 10-’ :36

#{176}Concentration at nmaximal release of respira-

tion, as described imm the text.
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Partition coefficients of N -/)Ilenylan I/i ia-

nilic acid derivatives. The apparennt partition
coefficients (Q) of N-phenylanthranilic acid

derivatives were determined at 25#{176}in
n-hexane-H20 (pH 7.5), ii-ineptanie-H2O
(pH 7.0), and chloroform-H2O (pH 7.0).
In the n-heptaine-H2O system (Table 2),

the apparent partition coefficients w-ere
approximately 0.04-0.40 for all tine acid
derivatives except for �-pinenylantimranilic

acid and tine 3’-C6H5 homologue. Tinese
partition coefficiennts may be low- because
tine ionized forms of these acids j)redomi-
nate in the aqueous phase at pH 7.0. This

was confirmed by the observation tinat

derivatives w-ith larger P’�a valumes ms-crc

more lipophilic. Introduction of a hydro-
phobic group such as -CH3, -CF3, or

-C6H5 at position 3’ of N-phenylantlmranilic

acid increased the partition coefficient, while
introduction of a hydrophilic group such as

-OH, -SO,H, or -NH, decreased it.
Similar results ms-crc obtained in the it-

inexane-H20 system, in mvhicin time corn-

pounds tested ms-crc nmore hydrophilic. In the
(inlorofOrm-H2() system, almost all tine
compounnds showed higher lipid solubility

tinann in the other systems, perinaps because

chloroform is more polar tinan tine other two
organuc solvents (19).

Tine partition coefficient of tine unuioumized

form of tine N-phenylanthnrannilic acid de-
rivat.ivcs, i.e., tine true partition coefficient
Qo, mvas calculated as follomss. Assuming tlnat
the acid (ilH) can dissociate to (Aj in

only tine aqueous phase (dissociation con-

stant, K) aimd that only time uniotnized form
is present inn tue organic phase, ms-here it

associates as a dimer, (AH)2 (association

constanmt, Kd), mse obtain Eq. 1.

Co

Q

- [ilH}0 + 2{AH]2,0 ( 1

- [AH],0 + [A-]� )

a fi + 2KdQo(a/K)IA1,,
- Qo K�l+(a/K) -

where square brackets mean councent ration

of time acid and tine subscripts o ami mi iumdi-
cate tine organic auid aqueous phases, re-

spectively, in time region of loms coumcenntrat.ioum
(C) of the aci(l. \Vinen K is nmuch greater

than tine inydrogeun ionn activities (a) of tine

solutiomi, Eq. 1 can be expressed as follows.

Q = Qo j� + 2Kd (Qo )2 (2)

Plotting [A-]� against Q, therefore, it is

1)ossible to obtain time value of tine true
partition coefficieumt, Q�, fronm the inter(ept
of the Q-axis, and tine value of tine associa-
tion connstaumt (Kd) of tine acids in tine organic

phase, from tine slope of tine straigint line at. a
fixed value of a. Equation 2 can also be
mvritten as follomvs.

Q = Q4 ti + 2KdQo(C� - {A1�)� (3)

Therefore, in the region mshuere almost all

the acid dissociates to (Aj, Q is constant
irrespective of the value of [A]� just as iii

the absence of association. It is necessarm-,

lioms’ever, to determine mvhether tine a.�souia-

tion occurs in tine coimcentratioum range
employed.
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FIG. 2. Comparative effects of N-phenylanthranilic acid derivatives on A TP-P1 exchange reaction and

State 4 respiration

The inhibitory effect on the ATP-P1 exchange reactioum (0) was obtainmed from the perceumtage de-
crease of ‘�P in the organic phosphate fraction in the presence of 50 � concentration of each N-phenyl-

anthranilic acid derivative. Percentage uncoupling activity, determined by the respiration method
(� was taken from the relative activity values of Table 1. The compound designated 2’, 3’-CH, =

2’, 3’-(CI-13)2.

Q /
,o-(CH

0

/0 �CF3

� -��H3

- ___-.----
-H

15
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5

0
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A�X 10� (Ml
3-H (N-naphthyl-

anthranilic acid) - 1 .025 - 2 .000 0.651

3’-CF, -0.530 -0.959 1.019

3’-Cl -0.721 -1.301
3’-CH, -0.700 -1.222 1.017
3-NH, -1.425 -2.301 -0.719

3’-NO, � -1.393 -2.301 0.492

3’-SO,H -1.309 -2.000 -1.319
:3’-N(CH,), -1.008 -1.398 0.740

3’-OH -1.054 -2.000 -1.176

3’-COCH, -1.275 -2.000 0.553

3’-OCII, -1.699

.V-Naphthyl -0.090 -0.538
3’-C611. 0.451 0.086

2’,3’-(CH,), -0.745 1.043

The values of Q obtained with both the

n-heptane-H2O and n-hexane-H20 systems
ms-crc constant at various concentrations of

time ionized forms of all the acid derivatives
examined in the aqueous phase. On t.he

TABLE 2

Values of apparent partition coefficients of

\Tphenylanthranilic acid derivatives

Apparent partition coefficient
(logQ)

Substituent ,, a -
Chioro-

Heptane- Hexane- form-H,O

(pH 7.0) (pH 7.5) (pH 7.0)

Fia. 3. Relationship between apparent partition

coefficient (Q) and concentration of ionized forms in

the aqueous phase (A)

Q was obtained from the chloroform-H,O

system at 25#{176}and pH 7.0. -H, N-phenylanthra-
nilic acid; -CF,, flufenamic acid; -(CH3)2,

mefenamic acid; -CH,, .Y-(3’-met.hylphenyl)-

aumthranilic acid.

other hanmd, inn tine chloroform-H 20 system,

tine value of Q increased linmearlv w-ith the
concentrationm of the ionnized fornn of acid in

the aqueous phase (Fig. 3). Equation 2
suggests that. N-phenylanthranilic acid and

some of its derivatives w-ith -CF3, -CH3,

or -NO2 at position 3’ or 2’ may associate in
chloroform, but not in n-heptane or it-

inexane. The true partition coefficients and

association coefficients of these acid deriva-



3’-H (N-phemmyiaumthranilic

acid)

3’-CF,
3’-CH,
3’-NO,
2’,3’-(CH,)2

.

4 - - -
.-

M

1.02 x 10’

1.77 X 10’

0.75 X 10’
0.35 X 10’

8.01 X 10’

0
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0
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TABLE 3

Physicoch mical properties of N -phenylanthranilic acid derivatives

Substituent Melting point pK

True pa rtition coefficient (log Qo)

n-Heptane-
H,O

-Hexane-H o� 2
Chloroform

-H,O

3’-H (N-phenylanthranilic
acid) 183#{176}#{176} 5.28 0.703 0.123 2.377

3’-CF, 125#{176} 5.84 0.659 0.613 2.179

3’-Ci 167#{176} 5.77 0.534 0.339
3’-CH3 139#{176} 5.82 0.507 0.370 2.200
3’-NH, 165#{176}’ 4.72 0.857 0.380 1.562
3’-N02 218#{176} 5.34 0.277 -0.239 2.152

3’-SO3H 4.31 1.382 1.090 1.371

3’-N(CH,)2 155#{176} 5.83 0.190 0.184 1.910

3’-OH 170-171.5#{176} 4.65 1.298 1.450 1.076

3’-COCH3 166#{176} 5.05 0.680 0.352 2.504

3’-OCH, 5.17 0.633

N-Naphthyl 204-206#{176} 6.40 0.607 0.504

3’-C6H5 156-157#{176} 7.00 0.752 0.632
2’,3’-(CH3), 230-231#{176} 5.80 0.866 2.243

a Decompositiomi occurred.

TABLE 4

Association constants of N-phenylanthraniiic acid

derivatives in chloroform at 25#{176}and pH 7.0

. Association constantSubstituent (Kd)

tives, evaluated from Eq. 2, are summarized
in Tables 3 and 4, respectively. Tine N-

phenylanthranilic acid derivatives w-erc
lipophilic in the un-ionized form, as show-n

clearly in the chloroform-H20 system. It is
also interestinmg that tine association con-

stants ranged from 3.5 X 102 to 8.0 X 10� �i,

inndicating t.Inat a significant proportion of

these acids msas associated inn cimloroform

(Table 4).
Correlations of uncoupling activity u’itli

physicochernical properties of N-phenylan -

thranilates. Comparison of the reciprocals
of time concentrations of uncouplers (1/Ce)
giving maximum unmcoupling a(tivity , with

FIG. 4. Relationship between uncoupling activity

(log l/C�) and apparent pa. tition coefficient (log Q)
of N-phenylanlhranilic acid derivatives

Log Q was obtained in the chloroform-H,O
system at 25#{176}and pH 7.0. Numbers adjacent to

the points represent N-phenylanthranilic acid
derivatives: 1, 3’-H (N-phenylanthranilic acid);

2, 3’-CF,; 4, 3’-CH,; .5, 3’-NH2; 6, 3’-N03; 7,

3’-SO,H; 8, 3’-N(CH,),; 9, 3’-OH; 10, 3’-C�I)CH,;
14, 2’,3’-(CH,),. The values for log Q to the left

of zero are umegative.

their partition coefficiennts, sinomsed tinat
uncoupling act ivity increased ms-ith increases
un the apparent partition coefficiennts (Q).

The correlations differed with the particular
organic solvent used. The correlation be-
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tmveen log (1/Ca) anmd log Q in the chloro-

fornm-H,() svstenn ms-as es�)ecially close (Fig.
4) . Tine magumitude of time uncoupling activity

of � -plmeniylannt.inranilat es is linearly related
to their hydrophobic mature, as described by

log (�-� = 0.461 log Q + 3.456

\ u/ (4)

(ii = 10, r = 0.8551, s = 0.2792)

Eq. 4, whicin was calculated by the least-
squares method; n is tine nnumber of com-

pounds tested, r is tine correlationn coefficienit,

and s is tine standard deviation.
Time electronnic properties of tine carboxyl

groups of the acids (ionization connstaunts)
(20) were then examined. Plots of tine pK

values of N-plmenylanthranilic acid deriva-
tives againn.st their uncoupling activities

revealed a linear relationtship (Fig. 5) ; the

correlations are expressed by Eq. 5.

log (�-.) = 0.586pK + 0.494

U (�))

(in = 13, r = 0.8076, s = 0.2928)

1igure 5 sinomss that tine unncouphnng activities

of the acid derivatives mvcre greater w-Iien
the pK values were higin.

1)ISCUSSION

Flufenanmic acid is known to be a potent

analgesic , anitipyretic, and anti-inflamma-

tory agennt in vivo (8, 9) . It also stabilizes
lysosomal membrarnes (21) , uncouples res-
piratory-chain phosplnorylationn (4) , and
inhibits inemolysis of erythrocytes (22, 23)

and meat denuaturat.ionn of serum albumin
(24) in vitro. Homvever, it is difficult to under-
stannd time mecinanisms of all its actions

eitiner in vivo or in vitro ; nmoreover, otincr
nonmsteroidal annt.i-inflammatory agents, sucim

as salicylat.e and pincnylbut.azonne, inave
sinmilar effects (3). Therefore it seemed
innportant. to investigate tine effects of fiufen-
amic acid armd its derivatives onn isolated

mitochondria as a model of interaction
bet.weenn drugs aund organnized biopolymers
with a distinct biochenmical funmction.

It is weil knownn timat since the nnitocimon-
drial membrane ma-s au extremely inigin
lipid count ent and is nmot. attacked by pro-

:3.

I-

��so

#{163} 7

FIG. 5. Relationship between uncoupling activity

(loq 1/Ca) and pK value of N-phenylanthranilic

acid (lerivatives

Nunmbers adjacent to the points represemt

�\-phenylaumthranilic acid derivatives : 3, 3’-Cl;

12, N-naphthyl; 13, 3’-C6H5. Time others were the
same as immFig. 4.

t.COl�ti(l enmzymes, such as Nagarse (25),
it possesses a hydropinobic cinaracter. This

is supported by reports that cationn.s, such
as K+ and Na+, do niot move across tine mem-
brane appreciably inn the absence of valiuno-
mycin (7) , anti that tine uncoupling activity
of alkyl-substituted niitropinenols rises with
inncrea.ses inn the imydropinobic nature of

these derivatives (26). Tine latter observa-

tioni was confirmed by tine present finding
that derivatives witin Inydropinobic groups

in position 3’ of N-phennylanthranilic acid

I)055e55ed higim unncouplinmg activity.
Some organic solvents imave becnn used as

models of biological membranes because of

their inydropinobic nature, but there is no
sound theoretical basis for tineir selection.

1-Octanol (20, 27), 2-butanol (28), xylene
(26), and cinloroform (29, 30) are frequently

used for this purpose, since the physico-
chemical properties of certain compounds,

sucin a-s lipid solubility, sometimes correlate

mvell with their relative biological activities
un these organic solvents. It is interesting

that, i�n tinis study on the structure-activity
relationships of N-phenylaunthranilates, the

be.st correlationn w-as observed inn cinloroform-
H2O. Partit ioin experimeunts demonstrated
tinat only tine unionized form of the acid

1)enetrates innto tine oily phase, where it
exists as a nmonomer or dimer.

Some N-pinennylanthranilie acid deriva-

tives seemed to be presennt as dimers in
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citloroform, but nnot in n-heptaune or in-

Inexanne . Furthermore, t inc correlatioum be-
tsseenn uuncouplinig activity and partitioni

coefficiennt ms-a-s closest inn tine cimlorofornm-
H20 system, and acids tinat formed dimers

in chloroform ms-crc inigimly lipopinilic and
exhibited potent uncoupling activities
(Table 3) . Tinerefore tine dinmeric form of
the acids may be important for their unn-
couplinmg activities. It is unot clear at present
winetimer tine dimer itself is niecessarv for
uncoupling, or whetiner tine basic properties
required for dimer formation are also re-

sponsible for interaction mvitin tine coupling
site on tine mitochondrial nmenmbrauie. Tine

former explanmation ms-as suggested by Fiunkel-
steini (31), who proposed that a cinarged

dimer transports inydrogen ions across the
nmitocinondrial membrane, (as discussed be-
lomv concerning i\Iitchell’s hypothesis) . Tine
latter alternative is based on tine concept

of Weinbach and Garbus (32), mvho suggested
tinat binding of ann uumcoupier molecule mvitin
specific sites of tine ennergy-conservationn
system results ili unncouphung of respiratory-

cinain phosphorylationu.
On a theoretical basis it is reasounable

that tine apparent partitioun coefflciennt Q

varies mvith the pH of the aqueous phase,
since tine concentration of ann acidic conm-

pound inn H2O is tine sunm of tine conceuntra-
tions of its ionized and un-ionized forms.
Onn tine otimer hand, tine true l)artitioul coeffi-

0

2 3
og Q

FIG. 6. Relationship between uncoupling activity

(log 1/Ca) and true partition coefficient (log Qu)

of N-phenylanthranilic acid derivatives

Values of log Qo were t akeum fromim time results of

Table 3 (chlorofornm-H20 system). Numbers

adjacent to the points are the sanme as in Fig. 4.

cieunt Qo , mvinicln is a pinysicocinemical coum-

staunt of the acid, is constant irrcsl)eCtiVe

of tine PH value. As mentioned above, it is

assunmmecl that time ionized forlmm of an acid
does not penetrate ilnto an oily pina-se. If so,

it. seems better to use Qo ratiner than Q as

a pinysicocinemical parameter, as pointed
out by Fujita et al. (33). Figure 6 illus-
trates time relationship betmveeln tine true

partition coefficients of the N-phennylanthra-
nilic acid derivatives inn the chloroform-H20
system and tineir unmcouphnmg activities. Tine

straigimt, dashed line indicates tine correla-
tioni calculated by the lea-st-squares nmethod.

This correlatioli is expressed by Eq. 6, winicin
indicates that unncoupliuig activity rises mvitin
inicreases in inydropinobic character.

log � = 0.777 log Qo + 2.043

\C�/ (6)

(n = 10, r = 0.7226, s = 0.3689)

It is uuncertain msinetlner lipid solubility
of tine uuncoupler is uiecessary for true uun-

coupling or for otiner rate-limiting i�roeesses,

such as l)enletrationi across a membrane.
According to Mitchell (7), mveak acid uum-
couplers do not in tinemselves inhibit; spe-

cific einzymatic reactions, but fornn li1)id-
soluble, I)rotoli donnor-acceptor systenms in

the lipid pinase of tine mitochoundrial menm-

branne, which is inornially iunpermeable to
hydrogen iouns. The I)reseIlce of tinese conn-

j)ounnds prevennt S format ioun of respiration-

(lepenndent 1)11 gradients across tine menm-

brane by aetrng a-s 11+ carriers. This is
supported by tine results of experimenmts

usiing ann artificial binnolecular �inospimolijid

menmbranne (34-36) . Ann alternnat.ive mecina-
nism, proposed by vann Dam annd Kraayeninof

(5, 6) , is that tine ionized form of ann aci(lic

uncoupler eunters tine mitocinoundrion inn e�-

change for endogenous anions, and t.imat. the
unicoupler (till leave time nmitocinonndrionn inn

an unmcinarge(l fornm. Inn this case, hydroxyl
iouns tt(t OS (llndOgeniOus ionis produced by

energv-depeumdennt imydrolysis of water. Time
lipid solubility of aim uncoupler is accord-
ingly related to the entry (Mitchell’s

imvpotinesis) or exit (van Dann aumd Kra-
avenhof’s I n-pot hesis) of tine uumionized

fornm of an acidic uncouphnng agent i�n the
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hydrophobic regionn of the membranne. Inn

addition, tine imypotinesis of vain Dam anid

Kraayeninof suggests t.inat time ionized form

of the uncoupler molecule peumetrates the
mitochondrial membrane via an anion

carrier common to the substrate anion. This

is supported by tine finding that 2,4-
dinitropinenol (37-40) and flufenamic acid’
competitively inhibit the penetration of
succinate.

On the basis of the above imypotheses,
the pK values of the acid uncoupler should
influence the penetration of an uncoupler

througin a mitochondrial membrane, espe-

ciaily in the presence of anionic compounds
such a-s substrates. Mitchell’s hypothesis
suggests that. the uncoupler molecule pene-
t.rates tine biomembrane in an un-ionized
form, while according to van Dam and

Kraaveuninof tine anionic form is translocated
into the membrane via a substrate anion

carrier. As shown in Fig. 5, tine uncouplinig
activity of N-pinenylanthranilates increased
with decreases in dissociability at pH 7.4,
which seems to be important both for en-

try (i\Iitchell) and for exit (van Dam and
Kraayenhof) of tine uncoupler molecule.

Tine importalnce of relatively high pK values

for the uncouplers w-as also empinasized by
van Dam a�nd Slater (41), whereas Parker

(42) observed that uncoupling activity inn a
homologous series of pimennols rose w-ith
decreases inn p1k values. Further study

is necessary, using different series of acidic

uncouplers under the same conditions, since
it is unlikely that. the actions of acidic

uncouplers are based on different mecha-
nisms.

A comparison of t.he role of two physico-
chemical parameters on the uncoupling
activity is left for future investigation.

However, the present report offers a good
example in which five derivatives w-ith simi-
lar ionization connstants, of about 5.8 [i.e.,
flufenamic acid, mefennamic acid and tine
3’-Cl-, 3’-CH,-, and 3’-N(CH ,)2-substituted
acids], differed inn uncoupling activity.

Four of these compounds conferred hydro-
phobicity on unmcoupling activity (the

Qo value of tine 3’-Cl homologue is un-

knoms-nn), a-s show-n inn Fig. 6, where Un-

couplinmg activity is scent to increase with

the value of the partition coefficient.
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