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Abstract  Tuo ur . ' r 'e l  nonstcroic ia l  ant i - in l ìarrn l i ì torv drugs lNSAID).  R-805 (4-ni t ro- l -phenoxvmethane

sLr l fo lani l ic lc)  lnc l  R-807 (3-bcnzol , l t l i f luoromethi ìne s l r l fonani l idc.  d i l lumidone).  inhib i t  the biosl 'nthesis

of  prgstaglanci in hr  her i lc  semi ia l  rcs ic le microsomcs and arachidonic acid- indtrced nggrcgat ion of

Sumap pl l tc lc ts in a ccrnccnlrat ion-dcpendcnt manner.  Compar ison of  these sul lbnani l ides wi th NSAID

indicater  rhc tb l lo1, , ing or t ier  of  potency:  (1)rs prostaglandin synthetase:  i t tc lomethacin > f lufenamic

acid > R- l t ( ) l  > R-8()5.  > phenl lbutazone > aspir in and ( l )  \s  p late let  aggregat ion:  indometha-

cin > R-1. i07 > R-805 , - ,  l ìu ienumic acic l  > phcnylbutazone > aspir in.  T ime-dependent"  i r revers ib le inhi-

b i t ion oi  prostaglancl in srnthetase can he c iemonstrated lor  both R-t ì05 and R-807. Tl test-  conlptrunds

als6 inhib i t  cc lL i r l l l  r t re l 'ormat ion of  PCiEr ancl  PGF1,.  ' ,vhich suggests b lockade of  endoperoxide

formar ion.  This is  rhc f ì rst  report  of  inhib i t ion oi  prostaglandin s) ' r l thetase and plate lct  aggregat ion

bi  c i rucs ol '  th is c l l tss.

Nonsteroidal anti- inl lanlnratLrr\ drr.rgs (NSAID) in-

hibit  the s) 'r t thesis ol prt lstaglandins PGE2 and

PGF, ,  f rom arach idot r ic  ac id  [11.  I t  has been pro-

posecl that this propcrt) acc()Ll l l ts for the actir i t-v- o[

this class of drugs [11. and a corrt l i ì" t iot l  be t ' ,r 'ecu l tnt i-

in l lammator l  ac t i r  i t1  i t t  r  l t 'o  and inh ib i t io t t  t t l  p ro-

staglarici in sl-nthesls irr  t ' i t r t t  hi ts bectl  demtrt lstr lr ted

[- j ] .  Formatiou of cndopcro\rdc intern-rcdiates from

arachidonic acid in humau platc' lcts induces their

aggregatiotr [ .1] ancl rnar tr igger thrombus formation

i i  t ' i ro  [5 ] .  Severa l  NSAID conta in ing carbox] l ic  ac id

funct iona l  groups {carbory ' l -NSAID)  are inh ib i tors  o f

platelet aggrcgation indtrced b1 col lagen or thrombin

[6 ] .  anc l  inc lomcthac in .  asp i r in  and sa l icy la te  l tave

b."n rcportcd to block platclet i lggrc-sation induced

bl  arach ic lonrc  ac id  [7 ] .
This paper tlcscribcs the e f'lècts of tu't'r l1ovel

NSAID. rvhich arc acidic b1' r ir t trc of a stt l lotrani l i t lc

r i ì thcr thatt carbi)\) I  grol lp. ol l  prostagiandin biosyn-

thesis and i trachidc- 'nic acicl- indtrccd platelet aggrega-

t ion. Thc strLlctt trcs oi -1-r l i tro-l-phenorlmethane suì-

ionanil idc { R-l{05 } antl  i -bcnzol lc ' l i f luoromethane sul-

fonanil ic ' le (R-,q07. t l i l lumiclone ) are shtlrvn in Fig' 1'

Both contpottncls arc- anti- i l t f iamnlatorl  i t t  ct l t l ren-

t ional animal tnodcls [ ,3. 9].  and R-805. thc newest

ancl nrost potent agcnt of l ts class- is cttrrently '  trnder-

going cl inical sttrcl ! .

\1 . \ l - t -R l  \1 .  A \  D \ lF -  I -HOl )S

Cltenit ' t i ls. Arachidonic acid (grade 1. 99",,) i ìnd

/-epinephrir le wcre purcltased f i-om Sigma Chemical

Co. [ ]H]arachidonic i tcicl  {6 10 Ci m-mole) r 'vas pur-

chasècl from Ncrv F.ngland Nttclear. GSH (glutath-

ione ) r,r 'as obtainecl from CalBiochem- and Bio Si l  A

from Bioracl Laboratorics. Prostaglandins used in this

stucly \À'cre purchasecl from Analabs- Inc' Anti-inlìam-

mator!" clrugs lvere gifis from the manufacturers' and

R-80-5 and R-807 were s;-'nthesized in these labora-

tones.
En:t 'nv prepLtr(úion. Bovine seminal l 'esicles w'ere

obtained hom Pel Freezc Co. The microsomal irac-

t ion was prepared b,v- the method of Flower et u! '

!0].  Microsomal pel lets were suspended in 0'1 M

Tris- HCI buffer. pH 8.2. and storecl in small  al iquots

a t  - 7 0 .

Prosttttlltutdin st'nthat(l^\c .1.\.\(t-ì. Synthesis of PGE2

and PGFr, from tr i t ium-labeled arachidonic acid was

measurecl by a modification of the assay developed

b-v',  White and Glassman [11]. To glass conical centr i-

fugc tubcs.  enzymc ( l0p l .  15mg, 'ml  o f  pro te in)  and

cofactor solut ion (50lr l  of a mirttrre of glutathione

ancl /-epinephrine. 0.3 mg, ml each) were added. mixed

and chi l led on tce for 1-5 min. Just prior to iucubation'

20ir i  of test drug in 50",,  methanol was adcled and

thtl  reaction wíls ini t iated by' the addit ion of 20 pl

of sr-rbstrate working solLrt ion' The substrate working
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Fig. 2. Concentrat ion-dependent inhibit ion of prostaglan-
din synthesis by R-80,s. R-807 and NSAID. Svnthesis of
PGE: and PGF2, lrom arachidonic acid (3.0lrM) by
bovine seminal vesicle microsomes (150 1rg prt)tei l ì)  was
assayed racl iochemical ly as described in Materials and

Methods.

solut ion was preptìred b1' the addit ion of 10 pl oi
1 .5  mM ethanol ic  [3H]arach idonic  ac id  (0 .016 mCi ,

m-mo le )  and  10p l  o f  l . 9mM Na2CO-1  w i t h  0 .98mÌ
of 0.1 M potassium phosphate bul ier. pH 7.21. which
contained 3 mM MgCl..  The solut ion was kept at
0" under nitrogen unti l  i t  lvas added to the assay
mixtures. The f inal concentrat ion ol substrate in the

assay mir ture  was 3.01 iM for  a l l  exper lments  e \ccpt

detcrmination of inhibitorl  col lstants wht-re concetl-

trat ions of 3.0 and 11.0 prM rverc employ'cd' Aitcr mix-

ing. the assay tubes were i trcubated at -17' for 10min.
during which t ime the reaction velocity was prt)por-

t ional to t ime oi incubation. In control tubes. ap-
proximately 50 per cent o[ the substrate was con-
verted to product during the l0-min incubation.
There was no deleterious ell'ect of methanol on the

enzyme reaction at the f inal concentrat ion ( 10",,)

employed. The reaction was terminated by quick

freezing in dr,v ice acetone. This procedure prevents

formation of PGA2 irom PGE.. rvhich occurs u'hen

HCI is  used as thc  terminat ing reagent .  B lanks and

controls contained al l  reactants except drug Blanks

were kept on ice durine the incubation period.

Septtrt t t iort of 'prrt t l t t t ' ts. A slurr l '  of Bio Si l  A in sol-

vcrl t  A (herane cl iclxane acetic acid, 70: 30: 1 ) \ \ 'as

packed to a height of 4 cm in a seaiec' l  9- in. micropi-

pette. Thc t ip w'as broken and severai becl volumes

and  R .  l J .  T t ' x ry

of solrcnt A rvere f lushed through each column. Sol-
\'ent A (5ft) lr1) rvas aclded to each frozen incubate.
The ir-rcr,rbatcs !\'ere thawed ancl immediately placed
on the columns. Elut ion of unreacted strbstrate was
accomplished by' the addit ion oi 5 ml of solvent A
col lccted in l iquid scint i l lat ion vials. The product pro-
staglandins were then eìuted with 3 ml of solvent B
(ethyl i ìcetate ethanol. 85:l-5) into fresh scint i l lat ion
l ' ials. Samples of unreacted substrate and products
were collected from each tttbe ancl counted in a Pack-
ard model 3385 Tri-Carb l iquid scint i l lat ion spectr-
ometcr.

' f  
hín-lut 'er t ' l ronatoqruphr. Duplicate samples of

fract ions eluted rvith solvents A and B were col lected.
taken to dryness uncler nitro-een and plated in Si l ica
gel G rvith a thin-layer chromatography (t. l .c.) sampie
streaker (Applied Science). Plates were developed in
a t. l .c. tank ( l ined with f ì l ter paper) to a height of
l5 cm from the origin in benzene dioxane-acetic acid
(20:10:l) .  Each plate was scraped aî increments of
0.5 cm from the origin to 4 cm. 0.25-cm increments
from 5 to 9 cm, rvhich was the area in which prostag-
landin standards migrated. and in 0.5-cm increments
from 9 to 15 cm from the origin. Each scraping was
placed in a vial and suspended in 1.0mI ntcthanol.
10 ml aquasol was added and the suspension was
counted. Al l  scint i l l i t t ion ct 'runting data were captured
or.r punched papcr titpe. processed itnd graphed with
lun H,'P 9830 comprtter svstem.

Plutelet ugqregutiot't Human blood *'as obtained
from volunteers and anti-cottgulated rvith 0.1 vol.  of
3.8",,  sodium citrate. Platelet-r ich plasma was pre-
pared by centr i fugation of blood at 1204 for 15 min.
Aggregation was measured by the method of Born
and Cross [12] in a Chronolog aggregometer. Drugs
used as inhibitors were init ial ly dissolved in 0'05 M
Tris buffered sal ine, pH 8.5. at l0- 'M and di luted
to appropriate concentrat ions. Sodium arachidonate
was preparecl by' the addition oi 1ft) mM sodium car-
bonate to -13 mM arachidonic acid mixing ttnder

nigrogen to yield a -1.3 mM solut ion' A f inal concen-

trat ion. usuall l '  0.3 mM. was chosen to induce ap-

prorimately'  75 per cent of the maximal aggregation
obtainable rvith sodium arachidonate.

RT]SI. ILTS A\D I ) ISCT SSION

lnhihi t iot t  o l  prost t tq lunt l in sut thetQse. L ike the car-

boxyl ic  acid-NSAID. the sul ionani l ides R-805 and

R-807 are potent  inhib i tors of  bovine seminal  vesic le
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Tablc l .  Prostaglandin srnthctasc moclc of  inhib i t iot . t  i t r rd inhib i torr '
C O N  S T A N T S

Drr-rg K , ( 1 r M ) Mode of  in l i ib i t ion

lndomethac tn
Fluienamic Acid
R-807
Phenylbutazone
R-u05
Aspir in

Prostaglandin synthesis was measured as c lescr ibed in thc text .  K '

var lues wère determined at  substrate concentrat ions of  3 '0 ancl  12.0pM

uith vary ing inhib i tor  concentrat ions.  Each K;  value represents the mean

of tuo to four separatc determinat ions
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+ R.- ' lcrcrrec [s l .  ,  ,  ] -  . . . :  r  .^  DrìE , , - , . r  p l ì t r
+ Drug conccntrat lorr  iuhrbi t ing 5()  per ccnt  of  the conrers ion of  arachidor l ic  acid to PGE2 and PGF', '

r  Drug cor lccntrarr . '  inhibr t i 'g  50 per cent  of  the plate let  aggre-eat ion induced bv 0.3 mM arachidonic acid in c i t rated

platc lct - r ich plasma.

prostaglanci in svnthctase. Based on the concentra-

i ion iuniUit ion cttn'cs i l lustratecl in Fig' 2, the order

ol '  potencf in this system is indomethi icin > f lufena-

mic acid > R-807 > phcnylbutaz'one > R-805 > as-

nt 'À?,n 
suifonanil icles are competit i !e inhibitors of

the enzy'me (Table 1) '  Anal! 'sis ol kinetic data by the

r n e t h o d o | D i x o n [ 1 3 ] r e s u l t s i n i n h i b i t o r y c o n s t a n t s
(Ki) of 0.11 and 3-0 trrM for R-807 and R-805 respect-

ively. Thc af l ìnity '  oi  R-807 lor prostaglandin synthe-

tÍ ìse comparcs most closel.v to that found with indo-

methacin (K; :  0.15 irM) atrd f lufenamic acid

(Ki :  0.30 prM). while R-805. 
"vith 

a K' 30-fold higher

than R-807. compares most farorably with phenylbu-

tazone (Ki :  2.3 1rN' l) .  Asprrin. prnior 'rsly reported-to

harve low potenc l  i t t  t i t ro  re la t i le  to  t l ther  NSAID

[3]. also prodr.rcecl rveak inhibrt ion (K, :  310 trM) in

this studl ' .
These results could be misleading as íìn lnrJlcatlon

of anti- inl ì i ìmmatorv potential in t ' i t 'o '  Rome and

Lands [4] have suggestetl  that a t ime-dependent in-

hibit .r  m.y'be more èffect ive than would be predicted

b y " i t s a p p a r e n t K ; w ' h e n t h i s i s d c t e r m i n e d a f t e r b r i e f
. iporur. to thc enzvme in t ' i t ro'  Indeed' i tr  contrast

to the carbox,vl ic acicl-NSAID tested in this studv'

the suìforrani l icles R-805 and R-807 do not show a

correlat ion betwcen their inhibit ion of prostaglandin

s ln thes is  in  r i t r t ;  ( t ( 's , , )  and ant i - in f lammator) '

potenc! as cletcrmincd b1' the carrageenan-indttced

..1.*u i tssav i t t  l i t 'o ( l : l )ro. Table 2) '  ln fact '  R-805

irt  r i to is considerabl l '  morc potent than R-807'

u  hcrc l ts  i t t  t i t r , t -  thc  oppos i tc  is  l ruc '  Assuming that

inh ib i t ion o f  prostag lanc l in  s ln thes is  is  in  some ur t l

rclatcd to ."rrug..,- tan-inclucecl inf lammation' this

iack ol correlat ion coulcl be the rcsult of dif fercnces

in drug absorption. cl istr ibution or metabolism' Con-

,err iorì oi R_g05 irr r . i i . rr  to i ì  more acti le metaboli te.

for example. might account for the fact that i t  is the

most pc,t.nt drr-rg cxamined ̂ in. the carrageenan-

inclucei l  eclema tcsi (Tablc l) '  Such a metabolic corl-

rersion would not bc anticipated in t ' i t ro'  Sodium sal i-

o la tc  behaves tn  a  s imi lar  manner  iu  man [1 '  15]

nirJWtff i .  t : t  t t l - l  l6l  harc suggested active metaboli te

formaticl tr  i rr  r ir ' , r  to account for this zrnomaly'

Rr 'L t l i t ' c ' ) . ì , l lhc \ i \  t l  PGEz t t r t r l  PFGl ' '  S ince E and

F t1'pe prostaglandirìs oiten exert oppostte effects.r 'r l

r i r , , . ' i t  i ras ol intcrcst to cramitre the effect of R-805

and R-807 on the rclat ire s1'nthesis of PGE2 and

PF{ ; . , .  At  h igh c t lncent ra t ions ( tc ' 'o  :  1 '3  mM) ben-

zvdamine. also a non-carboxylic acid anti-inflamma-

tóry drug. selectively inhibits PGF2" synthesis b.V

boiine se-minal vesicles but potentiates the synthesis

o f  PGE2  [ l 0 ] .
tre résirlts oi t.l.c. of product fractions from incu-

bates of control. R-805 aind R-807 are shown in Fig'

, l -  Two peaks of racl ioacti l ' i ty '  wcre lound which cor-

,.sponde<l to PGE, and PGF,' '  R-805 and R-t107

inhibit the formatiòn of both products and only

minor variations were noted in the ratio of

PGE2:PGF2, in the presence of either drug' Thus'

the iulfonaiilides. tite several carboxylic acid-

NSAID, appear to block the formation of endoperox-

ide intermecliate rather than inhibit subsequent steps

leading to reduction of endoperoxide to PGF2' or

isomerization to PGE2.
Time-clepentlent inhihÌtion' The time that prosta-

glandin s-v-nthetase is exposed to NSAID can influence

ihe .alcuiation of relzrtive potency' Indomethacin and

aspir in are among several carboxyl ic acid-NSAID

*Éi.n promote irreversible destruction of the enzyme

in a t ime-dependent manner [17] '  When assayed at

concentrat ions equal to their inhibitory constants'

both R-805 and R-807 exhibit a similar mode of inhi-

bition (Fig. 4). The rate of synthesis tapered off after

l5 l0 min of incubation and the total product synthe-

sizecl was markedli' depressed after 30 min' The

results are agaln consistent with inhibit ion of cyclo-

oxvgenase àctivity' In contrast, phenylbutazone

ustu'yer'i under the same conditions does not produce

time-dependent inhibit ion. i 'e '  the f inal yield of pro-

staglanàins approached the control value after 30 min
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Fig.  3.  Synthesis o l  PGE2 and PGF z ' . .  ef fect  of  R-805 and

n-iOr. Fjormation of PGE, and PGF2' was assessed by

t.l.c. afîer separation of product and substrate fractions on

Biosil A .ofu*nr; as de.scribed in lvfaterial and Methods'
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Fig. 4. Time-dependent inhibit ion of prostaglandin svn-
thesis by R-805. R-807 and phenylbutazone. Formation of
prostaglandins from [3H]arachidonic acid (3.0pM) rvas
determined as described in Material and Methods. Micro-
some concentrations were adjusted so that approximately
50 per cent of the substrate was consumed in 30 min in

control mixtures.

except when the drug was present at several times
its Ki.

Inhihition o.f platelet aggregation. Arachidonic acid
can induce platelet aggregation both in útro [7] and
in tir:o [18]: it was of interest to examine the effects
of R-805. R-807, phenylbutazone and the carboxyl-
NSAID on this process. With the exceprion of aspir in.
human platelet aggregation induced by 0.3 mM ara-
chidonic acid as described in Material and Methods,
is inhibited in a concentration-dependent manner by
all drugs which inhibited prosraglandin synthesis in
this study (Fig. 5). The order of potency varies some-
what from that observed in the synthetase inhibition
studies. most notably in that both sulfonanilides are
more active inhibitors of aggregation than flufenamic
acid.

Silver et ul. (7) have reported arachidonic acid-
induced platelet aggregation and platelet synthesis of
PGE2 and PGFr, to be complerely blocked by as
l i t t le as 0.2 pM indomethacin. Much higher concen-
trations of aspirin. however. were required for com-
plete inhibit ion. Similarly" our results indicate that
indomethacin is completely inhibitory at 0.5 pM
whereas aspirin was inactive at concentrations as high
as 0.5 mM. The rcro values. as determined graphically
and shown in Table 2, indicate R-807 (4.0 pM) and
R-805 (8.5lrM) do compare favorably as plarelet
aggregation inhibitors with phenylbutazone and the
carboxyl-NSAID. However, their relative activities. as
also found in synthetase inhibition studies, do not
reflect their potency in úuo.

Evidence has accumulated that inhibition of pro-
staglandin synthesis is a major, but most likely not
the only, mechanism of anti-inflammatory activity.
We consider it likely that both R-805 and R-807 owe
at least part of their demonstrated anti-inflammatory
effects to this mechanism. Furthermore, in view of
the well-documented involvement of platelet aggrega-
t ion in the inhibit ion of arterial thrombosis [19] and
the evidence that aspirin-like drugs may be effective

o.t  t .o to.o too tooo
D r u g  C o n c e n t r o t i o n  ( U M )

Fig. 5. Concenrration-dependent inhibition of arachidonic
acid-induced platelet aggregarion by R-805, R-g07 and

NSAID.

anti-thrombogenic agents [20], further evaluation of
R-805, R-807 and other sulfonanilides for this indica-
tion may be warranted.
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