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Abstract-The inf luence of  ant i - inf lammatorv methane sul fonani l ides on thc arachidonic acid metalro l is in

in ram seminal  vesic le homogenate depends on the pK, of  the indiv idual  substance:  more aci t l i . :

compounds suppress.  less acid i i  compounds st imulate PG s1'nthesis and enhance the PGH:rPGG: rat t r r

As óx1-gen 1.adiculs are l iberated c lu i ing the conversion of  PGGr to PGH: i t  is  suggested that  thc lc t '

ac icì ic-r iethane sul fonani l ides are scavengers of  the (pro- inf lammatorr ' )  oxvgen radicals.

Since the investigations of Vane et al.  [2] i t  has

become apparent that the anti- inf lammatorv and

analgesic act ivi tv of the commonl,v u:9d non-

s tero ida l  ant i - in f lammatorv  drugs (NSAID) ,  e 'g .

indometacin (compound I in Table 1) is related to

their abi l i tv to inhibit  the biosynthesis of prosta-

g landins (PGs)  f rom arach idonic  ac id  (AA) .  NSAID

àre potent inhibitors of the enzvme cyclooxy'genase
whióh converts AA to the endoperoxide pGG: (Fig'

1 ) .
However, the s,vstemic reduction of PG leveis is

thought to be responsible not only for the therapeutic

eff icàcy of NSAID. but also for the well-known side

effects. especial ly their gastrointestinal intolerance

l3l.  I t  has also been shorvn that PGs' especial l l '  of

iné e-t.vpe. are involved in the regulat ion of various

immunological reactions by activating T suppressor

lvmphocvtés Ia].  As rheumatoid arthri t is and related

diseas.s are associated with an overst imulat ion of

sel 'eral immunological reactions' which are at least

in part responsible for disease-associated chronic

desìructive processes. i t  might be that PG synthesis

inh ib i t ing compounds even enhance these processes.

The current therapl 'rvi th the onl,v symptomaticai ly
act ins  PG synthes is  inh ib i t ing NSAID is  not  very

satisfactory. To overcome these l imitat ions, anti-

inf lammatorv compounds displaying other modes of

action have been intensivelv investigated within the

last feu' ve ars.
An interesting approach in this direct ion was the

characterization of MK ;147 (compound 9 in Table

i ) b.v Kuehl and coworkers [5. 6] This oxygen radicaì

scavenging compound has been shown to be an

anti- inf lammatorv. non-ulcerogenic compound in

laboratorv  an imals .
Theoretical l 'u ' .  oxygen scavengers can inf luence

AA mc tabo l i sm  a t  two  d i s t i nc t  s i t es  (F ig .  1 ) .  ( 1 )

Inh ib i t ion o f  oxvgen incorporat ion in to  the endo-
pcrox ide PC;G:  (s i te  A in  F ig .  1)  caus ing inh ib i t ion

of  PG synthes is  [7) .  (2)  Enhancement  o f  r r '

version of PGGz to PGH: by oxygen radici i i  : :
(si te B in Fig. 1) causing a st imulated PG : ' ' :

which has been demonstrated in uitro for \ ' ,

[5, 6].  As oxvgen radicals are extremel\ r '

and exhibit  pro-inf lammatory propert ies. ì

inf lammatory activi ty of compounds l ike ' '

can be explained by their radical scavensrn .:

t ies. This mechanism might therefore opcr

sibi l i t ,v to develop anti- inf lammatorv (ìrr"

which are non-ulcerogenic and do not suir '

synthesis of immunoregulatory PGs. Act, '

the l i terature [8] the anti- inf lammatot ' ] '  11, '

some methane su l fonani l ides (e .g .  n imest i ; '

[9 ,  10] ,  compound 4 in  Table  1)  might  bc :

oxvgen radical scavenging propert ies. ln i ì :

of test ing new N-methansulfonvl- int i l rr '

[11-131 we have found h igh ly  act ive ar ' r

matorv compounds, some of them wit i i"

ulcerogenic propert ies in animals. In this " 
'

cat ion we are dealing with an analysis of th.

of these compounds on the arachit l" '

metabolism.

*  Par t  X I  i s  i n  p rcpara t ion  [ i ] .
i  l -o whom corresrrondence should be addressed.

I IATERIALS AND METHODS

Materials

Nimesul ide,  R 805 (4) ,  was k ind lY Pr
R i ke r  Labs . ,  M inneso ta .  U .S 'A '  Comp t t i '

svnthesized as described in Ref. 14. Co;' :

J i s1 ,  s ,  ó ,  [ 13 ] ,  7  and  8  [ 11 ]  s tem f ron r

chemical labs.

Prostaglandin synthesis in ram senttj:
homogenate

Enzyme preparation. An acetone po\\r i

seminal vesicles was prepared as dsssl i l ' : r- '
lach and Danie ls  I i6 ] .

Prostaglandin synthesis with cofactor"
powder (5 mg) was susPended in 0 - i  :

i62.S t rmotes/ t .  EDTA,  4 ,umoles/ l '  g lu t ; : r
pmolefl, hydroquinone, pH adjusted tl
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NaOH). The enzvme was preincubated with NSAID
(10-3-iO-s mole/i .)  for 15 min at 37'.  After addit ion
of 10 pl of substrate (3.2pmoles arachidonic acid
containing 3 mCi I t*C]arachidonic acid) the reaction
was continued for 20 min at 37' and then stopped
wi th  1ml  o f  1N c i t r ic  ac id .  Prostag landins were
extracted two t imes with 3 ml of ethyl ether, con-
centrated in a stream of nitrogen and applied to TLC
plates. The chromatograms were developed with a
solvent system consist ing of ethyl ether: petrol
ether :  methanol :  acetic acid (50 : 40 : 5 :5, vfv). After
monitoring the radioactivi ty with a TLC scanner, the
peaks for arachidonic acid and prostaglandins ( in
total) were scraped off and measured in a Tricarb@
scint i l lat ion counter (Fa. Packard).

Prostaglandin synthesis without cofactors. Enzyme
powder (5 mg) was suspended in 0.5 ml of
0.1 moles/l .  Tris-HCl buffer, pH 8.0, in the presence
of 0.16 pmole of [ toC]arachidonic acid. After incu-
bation with NSAID (10-3+ x 10-s molesi i .)  for 5
min at ambient temp ihe reaction was stopped with
50 1tl2 N citric acid. Prostaglandins were extracted

O , r r ò

P G  H ,

P G  t 2 G E  2 ,  F 2 o

wwwvvww{ib . S upp ress ion

- - - -È  :S t rmuLo t ion

Fig.  1 .  Ant i - inf lammatory methane sul fonani l ides (compounds 2-8)  (Table 1 ) .  h i rpothet ical  s i tes of  their
inter ference rv i th the arachidonic acid cascade in compar ison wi th indometacin ( l )  and MK 1.17 (9)

a t {
v " 3

frZ
\\<u
\- to]

Q t t t  t

three t imes with 2 ml of ethyl ether. concentrated
in a stream of nitrogen and applied to TLC plates.
The chromatograms were developed with a solvent
system consist ing of ethyl ether: petrol ether :  acetic
acid (85 : 15 :0.1, viv). the zones of radioactivi ty were
monitored with a TLC scanner. scraped off and
measured in a Tricarb@ scint i l lat ion counter (Fa.
Packard).

Determination of pKo ualues according to Albert and
Serjeant [I7]

Spectrophotometric determination (compounds 2,
4 ,5 ,6 ,  and  7 ) .  A  vo l .  o f  0 .1mI  o f  a  s tock  so lu t i on
in methanol of the compound under investigation
were added with stirring to 20.0 ml buffer solution
(ready-made buffer solution of various pH values,
Riedel de Haen).

The u.v. spectra (240-500 nm) were measured fol-
lowing mixing (1cm cuvettes, reference solut ion:
same composition without the corresponding com-
pound)._The f inal concns were between2 x 10-s and
8 x 10-'moles/l. Isobestic points were observed for



all  compounds except compound 7. The extinct ion
at a certain waveiength was piotted against the pH
ralues. The pK" value was obtained from the point
of inversion of the extrapolated curve which resem-
bles a t i trat ion curve in shape.

(b) Solubi l i ty ntethod (compounds 3.7 and 8). In
the case of compounds 3 and 8 in the unionized
form. the soiubi l i ty was too small  for direct spectro-
photometric measurements. Therefore the pH
dependency of the solubi l i ty was used to calculate
the pK" value. The rel iabi l i ty of this method was
demonstrated with compound 7, where a good agree-
ment of the pKu values of both methods was
obtained. The solubi l i ty of the compounds was meas-
ured in buffer solut ions (.  <5 x 10-3 moles/..  ionic
sr rength ad justed to  1 :0 .1  wi th  Nac l ) .

RESULTS

The inf luence of various methane sulfonanil ides
on PG synthesis in ram seminal vesicle homogenates
is shown in Table 1.

The PG synthesis has been tested in this system
either in the absence or in the presence of cofactors
(glutathione, hydroquinone). The major PGs syn-
thesized are PGEz and PGF:*. In the presence of
cofactors, AA is converted very rapidly and almost
completely (>80%) to PGs. A st imulat ing effect on
PG synthesis or an inf luence on the PG synthesis
intermediates, the endoperoxides PGG: and PGH:.
is therefore much better demonstrated in a s.vstem
with a much slower rate of AA metabolism (svstem
without cofactors).

Indometacin ( l)  displays strong inhibitor,v act ivi t l , '
in both svstems. which is characterist ic for classical
cyclooxygenase inhibitors. On the other hand, the
oxygen radical scavenger MK 447 (9) clearlv st imu-
lates the PG synthesis in the svstem without
cofactors.

Various in uiuo anti- inf lammatory active methane
sulfonanil ides have been tested in both systems. In
this connection we paid attention to the acidity of
these compounds (Table 1).

As expected, compounds 2 and 3 bearing a
CF:SO:NH group are much more acidic than the
corresponding compounds 4 and 7 with CH,SO,NH
moieties. The order of pK" values within these classes
of compounds is evidently caused by the order of
electron attract ing potency of the substi tuents in p-
posit ion to the RSOTNH group fal l ing from NO:
ove r  CO to  CH:  (2 ' - ->3  and  4 -+5 ,  6 - - -7 .  8 .
respect ive ly) .

Interestingly. the inf luence on PG synthesis by the
methane sulfonanil ides has been shown to be closely
correlated to the acidity of these compounds: only
the more acidic methane sulfonanil ides display PG
synthesis-inhibit ing activi ty; the potency decreases
from compound 2 over 3 to 4 (Table 1) with r ising
pK, values. Compounds with a pK" around 7 (5 and

*  Because of  the almost  complete inhib i t ion of  PG syn-
thesis iv i th compound 2 and indometacin ( l )  in  the concns
tested.  the PGH:IPGG: rat ios could not  be accurately
est imated.  However.  i t  is  known for  indometacin and other
cyclooxygenase inhib i tors that  they do not  change the
PGHr/PGG1 rat io.
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CONCLUSION

The described methane sulfonanìl i
a class of anti- inf lammatorv compoLrfr,
frce at least in part the PG synthesis i '
anisms than classical NSAID. The sitc '
w i th  the AA cascade is  obv ious lv  dr ' t .
acidity of the individual compound:
methane sulfonanil ides (compounds
the transformation of AA to PGG-
1), whereas compounds with pK.,
enhance the transformation of PG(.ì
B in  F ig .  1) .  Compounds wi th  pK.  r '
an in termediate  pos i t ion.

It  can be suggested that.the we4kl1

Lulfonanilides (pK" > 7) accelqrate
t ion of PGG: to PGH: by scavenginu
l lberated during this process.
- 

O-Radicals are not onlv l iberai ' .  , :r  AA
mfi-botisrnwhich i*iimù6i.0 ori'i.:- 

- :,inióiv
I

processes. they are 4Jq,q cr,eated durì , . ,  r i i  def--lrrce 
méchanisms bv several ssll 11'nt-. '.rilv bv

?eùtl"ptt'tèl-$t dGúdrEal: -.. ;unqly

slt9lqxlc, oxyg_e,n sc_av9,!gl.4g 4!8ni , trssue
destruction which is assoqiAleel_wih .,. _.- -:-l*cfuo-
n -'-ffifore, 

compounds like the acidic
methane sulfonanil ides coulci provii l , :,- 'r gas-
trointestinal tolerance and perhaps . : ihera-
peutical profi le than the PG svnli:. ,r ibit ing
classical NSAID.
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