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Metabolism of the Sulfones I 

S. R. M. Bushby:.! 

Bdol"( ' di sc ll.'is ill g the Ilw ta holi 'i ll1 01 
I )I)S , I wOldt! lik (· to COlnlllellt Oil till' 
('Ill pirie IIatllr( ' of the tTl'a tllll'lIt of leprosy 
II it h antihacll'ria l dnl gs, Thi s trea tml'llt is 
ha s ica ll y cmpiric I)('ca ll s(' sl' mitilit y tI' ,'i till g 
pla ys- p l' rhaps it WO lild 1)(' lH'tll'r to say 
has played - Ilo part ill sl' leclillg th l' appro­
priate dl'll g for the trl'atll1 l' IIt of parti c tllar 
pati( 'nts, The importan cc that is attached 
to sl'l1S itil' it y te st in g ill the treatm e nt of 
othcr illfectioll s is sho\\ ' l1 hv tl1l' fad that 
t hl'sC tcs ts form a major occ~l()atioll of hos ­
pita l hacteriolog ic lahoratori es, 

A lth ough knowlcd ge of th l' ill c itro sC' llSi ­
til 'it y of an organis lll to an ex hihit l' d dnlg 
removes mil ch of the e illpiri c ism fnllll 
the treatment, other illformation , cquall~' 
important , is n ecessar y before tlw trl'at­
lIl e nt ca n h e regard ed as ha v in g a sound 
rational has is. This CXtT <1 information con ­
s is ts of knowin g the metaholi c changes tha t 
till' dru g ma y IlIld('l'go and the cO ll centra ­
tioll s and dllration of ac tivl' forms of thl' 
drug at thl' infcdioll site, This illformation 
rega rding conc(' lltratioli at an illi'cclion site 
is no t ea s il y ohtainl'd ; re liance is th e refore 
IlS ually placed on kn ow in g th e cO ll centra ­
tion of the dru g in the blood . and . whe n 
thi s is done, data rega rding bindin g to 
pl as m a pro te in s h ecome importan t. 

[n practi ce. information rega rding m eta­
holi c changes to till' drllg can he ig nored , 
withollt loss of rati o na lit y, pro\'id ed tha t 
th e conu'ntra tio)) of the clru gs is cleter­
mined h y a process that n1l'aS ll l'('S antihac­
teria l activity ; with thc s llifones thi s is 
rarel y, if l' lTr , clon c, The Bratto n a nd \I a r­
'i hall mdhod ( I ) is thc s tandard procedurc 
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for es tilll atillg till' s( ' c1l'1l gs, and dl'l( 'dioll 
hy it drp( 'lIds Oil at I( 'as t Oll( ' or thl' am ino 
gro llP,'i I)('ing fl'l,(" or, if ,'i llhstitull'd , for the 
'il lhst ituti oll to 1)(' sllffi c il'ntl y la hil e to hrl'ak 
d owll IInd e r tlt l' acid cOllditiollS of tl1l' [('st. 
Till' s igllifi eallcc of thi s wi ll 1)(' appI'I 'c iated 
ill a fel\' II1 0 nll'lIt s, 

Lowc (,) was prohahly t hl' first in vesti­
gator to end( 'a l'or to cldcrmine tlH' mini ­
II HI III e fleet-i\'( ' c10sc o f DDS, hIll' IH' made 
tlte ta c it :issllmption that a ll st rains of M!J­
nJ/)(Jc/erilllJl !elime aI'( ' Ilf ('((11<11 sl'nsitivity 
to thi s cll'll g, \Vith the d cve lopmcn t of t hc 
mOIIS(' Foot pad tec hni c of Shl'l)arcl ( " ), \\ '(' 
can 11011' dl'lermine the minimllm eonc ('n­
tra t io n of dapsoll c in a nimal tissues that 
illhihits Illllitipli ca tion or the leprosy hac il ­
Iu s, III 0 111' OI\'Il studies ill mi ce, madc in 
co ll a horation with Ikes (;'), the minimum 
£'flt-ctive dosl ' i 'i a concentration that li es 
I)('twcen O.OOl anc! (J.()OOl p CI' cent DDS in 
till' did, and this close prodllces very 101\' 
1('I'e ls of drllg in plasma , mll sc le , anc! othc r 
ti SS Il( 'S, Thev are in fact less than 0.2 
jJ.gm . ml. In Illy tes ts , the concentration of 
DDS that- affects th e grol\'t h of tube rcle 
hac illi ill :3:3 pe r cent blood is 62 jJ.gm, Iml. , 
and at this cOllccntratioll tl1l' e fFect is only 
partial ; 1,000 I~gm, ml. is required for 
compldc inhihition . In th e Peiz('l' and 
Schecter m eclium the level that g ives com­
pletc inhihition is allOut 60 jJ.gm./'ml. 
These con Cl 'ntra tions are on thc orelcr of 
those nccessar\' for a n efFect with sllifona ­
mieles against nonlnycohacterial spccics. 
Th e l e pros ~ ' hacillu s must the refore h e 
pll('n o nwn a ll~ ' sC ll s itil'l' to DDS, 

In l'xtrapoiatillg to man t his information 
ahout se ns itivity ga ined in mice, hOl\' cve r, 
\\ '(' Illakt· till' rollowin g asslllnptions: 

I. That Illan a llcl 1l101l SC' deal with DDS 
ill s illlilar fa 'i hion s, a nd 

2, Tha t the ill ,.ir;o activit\' of DDS is dill' 

so lel y to the pare llt dru g. 
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I II ('OIIlH '('(ioll \\'ith tl,( ,s(' : 1.~S lllllptioll ,~ it 

IllllS! 1)(' llo[('d that DDS i" a ll110s t illS()III!JI , ' 
ill \\ 'a(('r. 110\\'('\'( '1' , it ha s 1)('('11 kll O\\ '1I 1'01' 

man y yea rs that DDS is c h a ll gl' d ill rico to 
s Ilhs ta ll ce s that arc morl' so luhl e ill \\'a tl'r 
and mi g ht ha\ '(' a ntil e proti l' ac ti\ ' it~ " Thl' 
tlwrape l1li c s ig nifi cance o r thi s (' h a n ge \\'as 
confirnl(,c! w hen \\ 'oi\\'od anc! r ( 1 ,~' ) 

s ho\\'ed th a t the prill c ipa l d e ri\ 'atiVl' s till 
had onl' rree am illo gro llp and \\'o ldd , 
tlH'refore , s till h a \ '(' a l1tihacte rial acti\ ' it~ " 
Thi s (krivati\'( ' \\'a s id l' lllifi l' d a s a g lll ­
l '111'Il1lid (" BI'l'all s(' o f it s al'idi c II a tlll '(' :I lld 
it s Iahilil\ ' ill \\ '('ak a c ids \\ it II tIll' \ ' ic ld of 
lI11 c hallg(:d DDS, \\ 'l' cons id l'n'd th~' lI11i0l1 
to 1)(' het\\' ('(' l1 til(' llitroge ll o f one of tIll' 
ami no g rOllps 01' DDS a nd tIll' alclt-hyd l' 
ca rho n of g lu c uro ni c ac ic! ( Fig, 1 ) ; a lll ' rn a ­
lively , acco rding to Tccw~ ' n Willi a m s ( 1"), 
it l'o llld 1)(' an ;\J -g lt, c "rollick ( Fi g. J ) \\'ith 
the g lll Cllrollil' acid ill it s p\Ta nOSI' forlll, 

DD S 

This t ~ ' I )(' o f ('olljll ga ti o n \\ ';lS hitll c rt o 11I1rI '(, ­
ogni :t,l'd , 

T Sll ts llllli ( 1" ) h as SIII Cl',il lIl \\ 'II th :' 
pn 'S('n l '(' o f ('V(' II a ll o t IlI' r 1ll 0llOCO lljll g ,ll e, 
This is tlw l" -s IIILlln a[(' ( Fi g , :2 ): it too 
\\ 'o llld h a\'(' anti h acter ia l adi\ 'ity, hilt it is 
prcscnt in \ ' (' r ~ ' low ('oncCll tTations, A 
fOllrth llll'taholitl' , dd( 'l'kd 1)\ , \Voi \l'o cl 
and m (' ( 1. ~' 1. \\'a s th e di s llhs titllll 'd N­
g lll l' llrIlilid l' , a lit! thi s dOl's not hav(' a llti ­
h adl' ri :t! ad i\,it \ ' , TI ll' Ill o nOSII h s t it 11 (('d 
Illl'laholit es \\' ill 1)(' I's tilll a tl' d h y tIll' Brat ­
tOll allc! \I ars h a ll illl'lho d , irr(',sIH'l' t i\ '(' o f 
\\I1I'tlll'r tIll '\' n ' \ e rt to DDS or lI o t c1\1l'im~ 

th l' I's til1lati o l" hill th l' ir ('OIl C(' Iltr:ltioll will 
1)(' 11I1c!crl's t imat ('(1 IIllI l'sS J'( ' \ 'crs io ll OCC llrs : 
this is h ('(';lIIS(, th (' ll1011 os llhs titut('d ,~ ul ­

fOll(' ,~ g i\' (' less inte nsl' color in th e c!i a:to 
rea ction , Stahle di s llhs titlltl'cl for m s o f DDS 
\\ ' ill lIo t h c ('s tim;lt e d , hilt th( ' ,~(' ;1 1'(' o f 

CIHlrse ill al'li\'(', 



574 III/ cJ'l/o/iollol JOl/rlllll of l,(, } )),()S!/ 1967 

Flr:, " Sil ifamate me tabolite of DDS, 

\ [ore rCl"l' lltl y E ll ard ( '; ) has ('xal1l ill ed 
tl w llrine of both rahhit a nd mall , a lill 
concluded frolll hi s result s th at the ncl ivi t\' 
of DDS is dll c to the presence of IInalll'n 'd 
drllg. T h is cO ll c lusion was iJ ased O il hi s 
finding thal ·H pcr ccnt of tht' drll g ex­
cre te'd was present in the l ln slliJstitlltcd 
form. vVoiwod and I ( I. ~ ) made most of 
o ur s tudies ill rabhit s, and \\l' fo und that 
t he proportion of thc dosf' excreted as the 
mono-N-glll cll ronide dep ended Oil the pll 
of the mine ; the con juga ting bond of thc 
deri va ti v(' ill this a nim al brf'aks read il v 
ttnde r mild aci d cOllditi ons to re leasc the 
pare nt d rll g. \Vith alb lin iza tion of th e m ­
ill e , accomp li sh ed b y admini st ration of so­
dilllll c it rate , the Cjll a ntit y of ull sllhstitllt cd 
DDS in the urine l)ccal11e undetectah le ; 
similar st udies in man showed tha t t he 
proportion o f frce d apsone' cxcre ted under 
these' conditions was less th an .5 p er ccnt. 
rn cidenta ll v, we had ev idence tha t the 
g lu curonide in man was more stahle t han 
th at fo rmed in the rabhit . \ Ve sll ggested 
that one of the a mino grollps of DDS may 
have b een oxidized to a hydrox yl or ca r­
boxyl group nnd the res ultin )!; sllbstan ce 
cxcreted as a glll c 'lron idc; wc wcre, ho\\,­
cver, unal1le to recovcr any ch anged DDS, 
ei ther free or from a conjugate . 

Becau se of the very low pro port ion of 
II nsuhstituted DDS that we fo und in the 
Itrine, vVoi\\'od a nd T (I . 5) s ll .~g('sted that 
the an tileprot ic act ivi ty of DDS is clt w 
lIlain1y to th c monosuhstitllted dlTi va tin ·. 
E ll ard ( 6) , on th e other h and. findinl!; 
much Jarge r prop ortions ( -to - ,50%), consi d­
(' red that the ae ti vi t v \\'as c11 1(' to DDS 
itse lF. The differe nce' ill 0 111' filldill gs , alld 
the rdore in our conclusioll s, ma y ha v( ' O l' ­

c tllTl'd lJcca use the p a til' lIt s stlldi cd i> v 
E ll ard were not gi \'en alka li es ; til e pI r 
vn111 e of their m ines rang(,d frolll 6 to 7, 
an d nlblinization , sim ilar to that accom­
p lished by us, ,,,o u1d h an' rniscd thesc 

\'a lll l's to lI ear or a IHl\ 'l' pll S. \ \le cO ll si d ­
(' red th a t till' 1'1'1 ' ( ' DDS pn 's l' ll t ill IIrill( ' 
was probahl y (hI(' to hrea kdown after pa ,~,, ­

ing tltroll g h tI ll' kidll cys , hllt E ll a rd slI g­
gl's ted till' w ry oppos ite, Bridges a nd 
TI'C\\ ' YIl \\ ' illi ' lIl1S ( C) have shoW Ii that 
;'\I -g ill c lll'onidl's o f silifona mides ca n de­
ve lop in v ivo Il onenzymatica ll y, a nd E llard 
( fJ ), h vim pli cahon , suggcs ted that as the 
r.d'es of the synthesis and decompos ition of 
the glil curonides va ry considerahl y w ith 
p I r, the pro po rtio ll of free DDS in th l' 
lII' ine wi ll va ry with the pH of the mill e. 
Ill' is sll gges ting, therefore , that at leas t a 
part of the glll c lll'Onide forms in the II rill C' . I 
ag rce w ith t he conclu sion regarding de­
composition , hu t no t with the sugges tion 
that syn thesis occurs a fter passage tlu'ough 
the kidneys . \Ve found tha t thc pro portion 
of thc conjuga te \\'as maxi mum in a lkalin e 
urine , and Bridges and Tccwyn \ Villia ms 
f( HlIlel that 1l011(' II I',vmati c syn thesis \\'as op ­
timal a t pl l .'3 - -I. with little or no conjuga te 
formillg aho"e pI r 7 ; the synthesis of the 
DDS-N-gIIll'lII'onide i., there fore' IInlikely to 
occur a Ftc r passage through the kidney. 
J\ l on 'o"lT, T Sllt slirni ( Iii ) claims to h ave 
identified the ;\) -g lu eunJllidc of DDS actll­
a ll ~ ' ill the plasma of ral)lJits. 

E\'l'n if \\'t' agree that the qll est ion is still 
unsetlled as to w hether the DDS presen t in 
the hloocl is sole ly in the sllhstit llted form , 
the knowll'dgl' tha t the drll g is presen t in 
the p lasma ill more thall (llie adive fo I' III , 
ra ises the q Il l's t ion \\ 'I1('tl1<'r the varioll s 
forms a re eqllally ca pahle of reaching sitcs 
of infections. Observa tio1l s on hinc1ing to 
protein s, h~' work ers a t th e Japancsl' lnsti­
lllt e for L e prosv Hl'sl'arch (H), a rc pl'l'­
linellt ; thl'V hav( ' shm\'ll that, whe reas tl1<' 
parent dn',)!; is high ly houlld to plas ma 
proll'ill s, t he more watcr-solll hi t' de ri va It's 
a rc at most Old y sligh tl y hOllnd. 

" TC too havc maele some ohserva tions Oil 
thi s prohlem an Ll tl lC res ilits confirm those 



,, - I ( I) .J ) .).'), ... I. ~ Hllsl,I)!/ : .\I (' ln lio lis lil 0/ I III' Sil l /ou rs .'57.) 

or III(' Japal}( 's( '. III a 1I}()(lifica lio ll of till' 
Braltoll a lld ,\Iarsh a ll 111<'1110<1 ",hi ch \\ '(' 
li se ill tIll' T e l'il1li con l\llt o<l na lyscr, 1'111' 
,(' rum is di a lyzed against (l..SN h ydroch loric 
acid , which Il)wl' l's the pI t of th f~ blood to 
;Iho ll l: 2.0; a t thi s p It tir e DDS tiral is 
a h sorhed to p rotein pa,<;s{'s into t hl' acid . 
\Ve varied th (' method h y dialyz ing illlo 
lIormal salilll '. UIH fL-r tlH' sl ' conditions o nl y 
IlIrllOlllld dnl g pass('s rrl'l' ly into tire di a l\' ­
sa le alld is s 'lhsl'qu e lrll y ('s timated. \\ .(' 
cOlllparl'<ll ir l' e l!'vels of thi s lIlodilication on 
the estililation or 1)I)S that is prl'sent in the 
hlood of dogs ai'ler o ral ad minislration and 
aft e r adding DDS direc tl y 10 dog se ruill . 
The results a re sho \\'n in Tahl, ' ] ; 1'11<' )' 

show that npproxilll<lte ly 52 per cl' nl: of the 
DDS dia lyzes into sa lilw when thc drtlg is 
de ri\'ed fro m that present in the alimentary 
tract, bllt on ly ,3-1 p er ('c ill dial~ ' /es \\ ·hcli 
DDS is ad de d direel h' to the S(TIIIIl . 

'1' .\/11.1'; I . f) i{)'el'(' II(,(,S ill Iii I' /II'II/lIl l' lillll .S IIf 
11i1//l11i IIlId frcc f)j)8 i l/ 81'1'11111 IIflN 111'111 

or/m i llis/ration 01/1/ 1I'1t (' 1/ wldil/!! Iu 8(,(11 11 1 

ill vit I'll . '] ' /IP lolalll r uff Ilialusps il/lu acid VIII 
IIlIly IIl/iJlllllld 11t'l1(1 dial lj.,<p.s i llll) II 'alN, 
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The significa nce of th ese oh s('!'va tions is 
that the nH'tabolill's an' likdy to he present 
ill highe r concentrati o ns at the infection 
s ite than 11ll' Ilm·han ged drtl g . This conclu -

sio ll . IH1 \\'e\ '('r , ignorl's 11ll' prohahi lil\ Ihal 
IIIl' parellt dnr g , Iw in g 11101'( ' lipid -so llll>I (., 
wil l h l' more r('acli l ~ ' take n up hy th e 1ll~ 'C() ­
haC'lcria than th(' h~ 'drophilic metaho litcs . 

B('C'allsl ' oi' tll (' low conecntration s III 
dnlg in till' ti sS ll l'S , and I)('('all<;(, of Illl' 
ill s tahilil y o f Ihe mono-~ -g ill c lll'o n idc i ll 
ac id , Ihe qU l's ti on w hl'l il er th l' an till ' protit' 
adi dl \ ' of I)DS is dul' 10 Ih( , IlI1ll)otfifil' c1 
drrl g o r 10 iI 1ll01l0SIIhsli lill cd d cr i\ 'a ti\ 'l ' 
m ay I)( '\'('I' 1)(' all s\\ '('I'l'd c1ired h-. // O\\ '('\ ' l'I' . 

inform a ti on th at ma\' ha\ '(' sOllie hea rin g Oil 
thi s qill's tioll cO lrid Ill' ohlailll'd froll l 
s lildi l's \\ 'ith ti l(' 1ll011osllhslitliled forms of 
DDS th at an' availilhlc for c lini ca l IIS(' , For 
eXil mplc, \ Voi\\'ocl and I ( I. :.) foulld tl l;l l 
the ll1onosllbstitulnl g h-cinc d n i\'ativ(' , 
SlrlfOllC-c ilag ( Fig, :3 ), \\as cxcreted 
un changed after c ither oral or parentl'ral 
admillistration ; il s acli \ 'it\ , ca ll Ihe refo re 
not b e clllc to free DDS , ' So it wOlild 1)(' 
perlinl'nt 10 kn ow whdher III(' Illillillllllll 
concentration that inhihits lit e Inlrilipli ca­
tio n of thl' leprosy h ac illlls , as measured 1)\· 
the foot pad tcch n ic, is of the same o rder as 
that of DDS. \Ve sho lrid no te, hO\\,l've r . 
that t'hes(' Jllonos ubst it ll ted form s 01' DDS 
are less act ivc than the parC II! dnl g against 
the pyogcnic cocci, whell compared ho t h ill 
uilro and ill r; ico, and so, if Ih ei r minimum 
inhihitory conccntrati o n .for th e le prosy 
h ac illil s should pron' to 1)(' hig he r Ihall t-hat 
of DDS, it wOlild Ill' rcasonable to aSSllll)( ' 
Ihat the activily of DDS \\'as due to DDS 
1W I' SC and not to a monosuhstitllted meta­
holite, I hop e som coll e will make these 
expe rimen ts a nd thu s a ttemp t to se ttl e thi s 
qu es tion . 

So far, I have confin ed m)' clisC' llssion to 
DDS nnd to onc of its monosllbstitllfl'd 
forms, To reca pitllfate my conte ntio ns, the 
a ntikprolic activity o f DDS a ppears to he 
dil l', at least partly, to its l11onosuhstiltrl'cd 
metabolite, \\'lH'rt.'as t he activities of the 
1110n os uhstitillTd analog seClll to he clu e' to 
the drll g JWI' Sf', The lllonosubstiluted fo rm s 
of DDS arc, how l'vc r, sdclom u sed , bill 
their dis llf>s tilllll'd analogs , e.g., so lapsonc. 
Promin alld tll!' di acc ty l dcri\'atiH' a rc s till 
lIot Illl col11ll1only lISed , Thl' ,<;(' dnlgs Ita v( ' 
1I0 fr ee a lllino g rollpS, and , as I have a l­
read y indicated, thc re is cOIl\'incing cvi ­
d ence to show that an tibacter ial ad ivily of 
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lhe sldfolles dq)C II (I., Oil a l leas l olle or the 
illllillO gnli lJl s Iwi ll g rre('; Ihe di sllh., litlllL'd 
form s o r DDS mlls t tlwrdon' 1)(' illac li \'( ' 
IIlltil Olle , o r ho th , oj thc s libs tilllkd amillo 
g roll ps become" free, 

The ora l all c! pa rcll lna l adi\' iti( 'S of 
th esc di sllhslitlllccl fonm or DDS \\Tn' 
ac('ounlea ror some yca rs ago, ;\ sm;lIl 
alllolllll o r DDS is preselll as a ll ill1plll'il~ ' in 
III os I of lhesc prc par,llioliS a nd 11)(' qll ,lI11ity 
is flirt he r ill c rcascd artcr ora l a dillilli "tra ­
tion , Iwca ll se a va riable portion or the drug 
reV(' rts to DDS dlll'in g passage throu g h the 
alimentary lrac t. After p a renteral adillini s­
tration little of thc drug reverl s to DDS, 
a nd til(' act ivity lhen appears 10 be dll C' to 
tl)(' conLllnina till g DDS a nd al so 10 the 
cOlTespondin g mOllOsllbslillllcd rorm . This 
monoslibstillil ed rorm is presl' nt in tl)(' 
dru g as an illlp"rit y, hIlt it is also formed 
lIonc n/,ymati ca ll y ill ci['() from till' di sllhsti ­
tllted rorm : in water th ese di suhst illited 
analogs of DDS form equilibrillm l1lixtlll'cS 
consis tin g of ho th thc di sllbstit llted an d the 
monosuhst ituted form s. According to Tsut­
s llmi ( II ) , howcve r, Promin , after in ­
tra\'('nO Il S injection, is c1 cs ulfon atecl to for m 
thc N-g lu cosi cl cs or DDS, a nd th('J'erore 
c losely rese lllhies the l\]-ghIClII'onid t' or 
DDS , I a lll not aware of a ny stllLli es \\' ith 
the di acety l d c ri va ti vc when it is uscd as a 
reposito r\': its low soluhility wi ll make 
thl'st' diffi cl" t. 

So fa r, th l'sC (,Ol l1l111 'nls rl'garding Ih e 
nll' laholislll of DDS h"vc h een directed 
lIl a inl y towa rd li se of lhe drug ill the trcat­
n)('nl or Iepro,,," , hIli perhaps I mav con­
c lude w ith som e rcma rks rega rding the li se 
of DDS in ma laria . fn thi s inrection ad \'an ­
t:lge can he take n of the syne rgic actio]) of 

J)DS <Illd other antililalarials , and the dllra ­
tion 01 actiol l hecolll(,s ililportant if the 
d oses of till' dnl gs arc 10 hI' propcrl y 
match( 'd . \\ ' I' han' recentl y clete rmined the 
ha lf-lill' of DDS in til(' serllill of fiw hllman 
vo lllnt('('rs. They took LOO mgm. DDS and 
11ll' hall-lil(, aVl' raged 21) holll's, hilt ra ng('d 
lrolll I i to :32,,5 homs. Peak concentrations 
of I ,;) to Z,O p.g m , ml. occlIlTed in three to 
six homs, hill CO ll c('ntrations 01 ahollt 0.2 
/,g m , ml. WCIT still present a t three days 
a nd Ihc drll g \\'a s. s till detectable at four 
da ys; no drug, i,e" < 0'()5 ,ugm. /ml. , was 
detec table in the serum at sev~'n da ys, 
a lthough traces , i. e " 0,2 ,ugm, mI. , were 
s till being excre ted in the mine after 12 
d ays or more. These res ults agree with 
those 01 earl in workers, A Ith (lI lgh complete 
('Jill1illalioJ) of thc drll g takcs alillost two 
\\'cc\,:s , in thl' control or malaria , a disease 
in w hich Wl' are presllmabl y mainl y inter­
es ted in the conce ntrations of the dru g in 
thc hlood , it is the plasma half-life of aholl t 
28 hOllrs that is important in the endea vor 
to ma tch the d ose o f DDS with tha t of a 
second dru g, 

1 co mm enced this di sc ll ss ion b~ ' refelTin g 
to th l' e mpiric natmc of sl"fon e therapy; I 
will cnd it h~' sugges ting that w hen a ll the 
implications of dnlg metaholism and dis ­
trihution arc considered , the basis of the 
c1H'm()t l1l'nlJ)~ ' of leproSY see ms IInlikcl y to 
difkr sigllifi ca lltl y frolll thaI of ot hn infec­
tion s. III prac ti ce , s ll ccess flll thcrapy is 
hascd on th e l'llIpiric observation that in ­
fectioll s call ,scd h y orga n iSlll s that ha vc 
somc d egrcc o r se n s itivit~, to ccrlain dnl g,s 
Ilsllall y rl'sp Dlld to trea tmc nt with these 
drugs , 
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Sl l\I\IAHY 

\ltl l!)llgll til(' ,' Illi ones [L ilt' bl( '11 t\J(' 
s talldard trea tllH'nl o f leprosy for 20 y('ars , 

th e ir m lll1ini st rat iol1 s t il l rl'lnai ns essenti a ll y 
e mpiri c, The c1 e\'(~ I(lpln e lll o r a rational 
approach has \)(, CIl hindered h y lack of 
illformatioll rega rdin g sell si lil ' il y o f th e le p ­
row hac illll s to tl)('se dnl gs and th e ir 
IIH'LliJolill 's. 

i'\()\I ' that till' Iliidlipli ('a t io ll of llll' I('pro ­
sy h ac illii s ill alli lli a ls is "11 0\1 ' 11 to hl' [1rt '­

I'e lil c d Ill ' ad lll il li slr; llioJl of Sl dfoill' s , th l' 
JIli11iJl1I1J11 c1kdil'(' co ncl'Jltr;lli o l1 is detlT­
Illillahle, III orcllT to place treatm(,llt \\'itll 
thl ' s ldrOll eS Oil a le "s e mpiri c has is , it 
\\'ol rld S('(, III 11 ('('esSar) olliv to d e te rmiJl e 
l lll' opt i JIlIlJn reg inlL' JI for m d inta i n i ng thi s 
c Oil ce lltratioll o f dnl ,l!; ill th e ti ss u es of man. 
III pradi cl' , ho\\, l'vcr, th e 1)l'Ohlcl11 is com ­
pli ca ted h)' : ( I ) Th e kno\\'ledge that DDS 
is c han ged ill c i co an d th at a t leas t one 01 
the Illct aho lill's is prol)ahk ac tin' , ( 2 ) TIll' 
Illl'taholi sm or th e s lilfo ll es in the nlo\I S(' 
Ina \' differ s ig niri ca ntl) ' from that in mall , 
aJld till' minimlllll c fkclil '(' CO l1 c(' ntmtioll 
of dia zotizahlc dru g in th e ti ssu es or m a ll 

Illav th l' refore diffe r rro m that o f mOll se , 
(3) The diffi c liiti es of making direct oh slT­
I at iol1 s in man o f th e C011 ('l'ntratiol1s in 
t iss ll es lIla y i1lake re lian ce o n plasm a CO II ­

c(' nlrat ions ;lppea r l1l 'Cessa r ~:. ( .f ) Th e ad ­
sorption of DDS a nd of its metaholites to 
plas ma proteins diffcrs , so lh al th e COl1l'l' II ­
t rabon s in plas m<1 ma y not reHed th ose' 
ti ss u es. (S) Th e h ydrophili c propnties 01 
th e dru g a nd its m etaholities difFer g rea ll y; 
lhis m a l ' a frect their distrihlltion within 
tissues, Bccaus(, of lhese complica tion s th c 
problem m ay ha\'c to h e soh'c d indircct] \' 
hy comparing ill mi ce the dfects of DDS 
a nd a stahl e m onos ul )s tilllkcl c1e ril'atil'C , 

(',g" the g lyci ne d e ri \'a ti l'l' . 
The half-lire or DDS in mall is aholll 2S 

ho urs, bill thi s knowledge has !lot lwen 
important ror crfeclil'c treat m c nt of kpro­
SI' , For lOll ' h1Jt prohahl y adeqllalc l'flJ1CC'Il ­

tralion s arc sli ll presenl ill ilie hloo d and 
ti ss lles for se\'(, ral da ys. flo\\ -(' , '(' r, a s DDS 
is no\\' h('in g reco llllIll ' llded for ti ll' treal ­
ment or Illalari a in ('o llj1Jn d ion \\'illi th e 

a ntifolat( ,s , thi s knowl e d ge is n ec(,ssa ry in 
ordn to arral lge a s lIit ah lc dosl' regillll 'n ror 

llie tll 'O drll gs . 
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DI SCUSSION 

Dr. Peters. Dr. Bushhy refe rred lo a pa­
pe r by E ll ard , who meas ured not ollly 
direct lv diazo ti zahk ma tl' ri a ls, l)IIl a lso 
those I~elcased after mild a lld slrong hyd ro l­
ys is. Jt wOlli d he lp to kllow if ti ll' i\ ­
g llll' uJ'Onide is compl ete ly hyd ro lyzed hy 
d in'ct di azoti za tioll or poss ihly cOlltril llltes 
to the othe r fract ions. Fllrthermore, w hat 
a re the m ateria ls contrillllting to the d iazo­
ti zab lc sllhstances re leased hy the mild and 
strong ac id h-eatnw nts( 

Dr. Bushby. The l\'-glu euron ide detected, 
w hich is a major metaboli te, is broken 
down IInder ac id conditions w ithollt hea t . I 
do not know the nat llre of olhn me taho­
Jites contrihuting to the slight increase oc­
curring during ac id hydrolys is w ith heat. It 
ususa ll y is a ttributed to the acetyla ted 
form, bu t we wcre unabl e to c1 ct( ,ct any 
aeetyla tl'd form in 0 111' studies. 

Dr. Powell. In urin e nonlla lly there arc 
small amoll n ts of di azo ti zahl e mate ri a ls. 
T hese appear to va ry From day to day. It 
seems dif-fi clllt, the refore, to kn ow precise ly 
w hen va lu es reach undeterminahl e leve ls 
a fter cessation of ad ministra ti on of DDS. 1 
would like to ask Dr. Bll shby if he correct­
ed for the small amoun ts of mate ri a l nor­
mally p resent, and at w hat p oint he de­
cided the va.lues of density readin gs were 
too low to be significant. Our own va lu es 
have approx imated nondetec tabl e, or at 
least nons ignificant, va lu es , usua ll y three to 
five days afte r cessa lion of the aclminish'a­
tion of DDS, w hethe r d a il y, weckl y, or in 
sin gle doses. 

Dr. Bushby. Dr. Powell : were you ex­
tracting from the urine or making direct 
estimations on the ur ine? 

Dr. Powell. ' Ve were ll sing the Brattoll­
Marsh all procedure, as modified b y ~I oles­
worth ,1 w i th standa rds prepared b y the 
addition of the paren t DDS to a liq uo ts of 
urine. 

Dr. Bushby, Es tim a tions were made UII 
cx tractions into a nonpola r ., ol vcnt after 
ac id h ydrolys is. T hi s redu ces th e hlank 
flg llrc almos t down to IIl1detectahle Ie\T ls. 

Dr. Powell. J low mil ch does thi s illCl'cas(' 
accuracy, se Jl s ili v i t~ ·, and re li ahilit\- of til!' 
proce dIIIT'~ 

Dr. HlIshhy. It e liminates t he problems 
a ri sin g from \'ari a hl (' hlanks. 

Dr. Levy. I \\-ollid like to ask D r. Bushby 
if the Ill ono-N-glu curonidc wO llld be cx­
trac tahle int o chloroform or e th yl acdate 
from a 11 a I ka lin ize<l II ri n(' or h lood . 

Dr. Bushhy. It wOllld 1I0t. 

Dr. Levy. Is th is the ma te rial acco llntin g 
for some or mu ch of the circula tin g d ap ­
sone tha t can be measured in the blood , 
and, if so, how can this be reconciled w ith 
the ra th cr common findin g tha t mos t of the 
dapsone in the bl ood is rca dil y ex tractable ') 

Dr. Bushby. That depellds 0 11 the pH. If 
it is made acid and then extracte cl , i t w ill 
comc out. 

Dr. Levy. In the method described in 
Simpson's paper l the extraction was made 
from matcri a l m ade slightl y alkaline with 
dibas ic sodium phosph ate. 

Dr. Bushby. I ca nllot answer the q ues­
tion d irectly. Bllt if, when they make their 
es tim a tion, they first acidify in order to 
break labi le bonds and then take the pH 
back to the alkaline si de in order to get the 
free DDS to p ass into the so lv('n t, t hen thi s 
glu cu ronidf' would he es timated . 

l ;\ ( OU"'\\'ORTIf , 1\ . n. a ll d :\ _ \ R _\Y'\:-IA S II'A~ II. T he 
IIT:t II Ilt:nt of Ieprolll a l<" ls Iepros), w ilh 1:-I'-dia m ­
ill "d ip hl'll) I SIll 1'' ' 11( ' i ll oil. Filld illgs ill 100 cases 
l l'l 'all:d for Oll t: '['OI l' . " ' il h 1l 0ll' 011 l he tccltn lq tte 
of sttlfolle dCIC: rll;i ll illioll h y L _\ _ Sim pson . Illte rn al. 
T - L eprosy 17 ( I <1-1 9) I c)7 -2 10. (Si III P SOIl 'S mel hod 
i, d escr i bed on pp. 208 -210.) 
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Dr. Levy. Poss ihl~' the r.;-glll (' l\J'ollide 
Illi ght !lot h( ~ so readily extr; ldahlc as the 
Bratton-\ I arshall-react ing materia l. 

Dr. Bushby. This lS ('crtaill ly om experi­
ence. 

Dr. Shepard . I \\'oll ld like to ask Dr. 
BII.~hh\ · in what species sltlfonl'-cilag ",as 
l'Xl'1'('tc(l in Illl changccl form . 

Dr. Bushhy. It was in the rabhit. 

Dr. Peters. Til \'il'W of the rcport s of 
heJ110l yti c ancmia followin g high doses of 
DDS in \Try scnsi ti ve individuals , OIW 

might suspect that hyciroxylaminc or nitro­
so cleriva tiH's could b e formed . These 
woulcl not he diazotizahl('. T wonder if 
thcre is an\' c\'idcncc or indica tioll that 
thcse comp'ouncls h a\'(~ l)('en isolatcd or 
indica ted as Jlwtaholit l's of DDS. 

Dr. Rushh y. ;\Jot as far as 1 kno\\'. If th ('~ ' 
are not dia/.otizahlc or do not give a posi­
tive Ehrlich react ion , L would not think 
they wou ld ha \'l ' hcen c1etectl'cl 1)), other 
methods. 

Dr. Chan g. Dr. \1. I. Smith and his as­
sociatcs at the National Jnsti tlltl's of 
H ealth , Bl'llwsda , \Iaryland , stllClied more 
than 20 mono-deri\'a ti\'t,s of DDS before 
1949, and tested them in experimental tu ­
berculosis in guinea-pigs. One derivative , 
-l - am ino--l ' - f:J - hydroxyethylaminodiphenyl 
slI lfone ( H ES ). was found to he the least 
toxic dru g in various species of a nimal s.~ 
It is 10 times less toxic and only 2 times 
less act ive than DDS.:\ Payne and his 

' S\t1l'1r . :-r. r.. J" , K .,,)~ , E. I .. ;11111 1\.11 ' / R, IT. 
f.1 ';t!lI ation of til e slIlfol1es a nd sln'plOlllycin in 
expnilllelllat tlli>erclilosis . . \111 1. :\'eW YOlk .\ c ld . 
Sci . 52 ( I (I I!'I) JO I -i1 K. 

associa tes t tr('a (cd 57 pulmonary tubercu­
losis paticnt s \\'ith HES partl y combined 
w ilh streptom yci n. Thc ell ug was wcll 
tole rated in a closc of 1.5 to 3 gm. daily 
for 6 months. Its antih lbcrcuJosis activity 
was apparent. Floch" trea ted 10 cases of 
Jt.promatous lcprosy with HES, 1 gm. dail. , 
for 2 to 7 months. Th(' clrug wa s well 
tolerat ed, and its al ltilcp ros aeti\'ity was 
I he sa m( ~ as t ha t ohsern,d \\ 'i th oth~'l' sll l­
fones. Ilo\\'('vcr, Coch ra 11(" ; cla i med that 
II ES wa s toxi c, as ohscl'\'cd ill his trial 
of only 7 cases of leprosy. Th e most intc r­
es t'ing point with referellce' to] fESis that it 
is not com'cltccl into DDS in viw. It- is 
excreted as 4-amino-4'carboxYlllc th ylamino­
diphcnyl sulfon e ( the sulfone-cilag ) in th e 
millC of the ca t' and in man ( Chang, Y. T. , 
unpuhlished ). One \\'ould like to see a 
th orough clinical illH's li ga tioll of HES 
madc before such a valuahle dru g is aban­
dOllcd from the leprosy ficIcI. 
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