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Metabolism of the Sulfones'

S. R. M. Bushby"

Betore  discnssing  the  metabolism ol
DpsS., | like to the

cipirie nature of the treatment ol leprosy

would comment on
with antibacterial droes, This treatment s
hasically empirie hecanse sensitivity testing
plavs—perhaps it would be hetter to say
s plved—no part in selecting the appro-
priate drng for the treatment of particular
paticnts, The importance that is attached
to sensitivity testing in the treatment ol
other infections is shown by the fact that
these tests Torm o major occupation of hos-
pital bhacteriologic laboratories.

Althougeh knowledge of the in citro sensi-
tivity of an organism to an exhibited drug
removes  mnch of the  empiricism from
the treatment, other information. equally
important, is necessary before the treat-
ment can be regarded as having a sound
rational basis. This extra information con-
sists of knowing the metabolic changes that
the drug may undergo and the concentra-
tions and duration ol active torms ol the
drug at the infection site. This information
regarding concentration at an infection site
is not casily obtained; reliance is therefore
usually placed on knowing the concentra-
tion of the drmg in the blood. and. when
this is done. data regarding binding to
plasima proteins become important.

In practice. information regarding meta-
holic changes to the drog can be ienored,
without loss of rationality, provided that
the concentration ol the drugs is deter-
mined by a process that measures antibie-
terial activity: with the sulfones this s
rarelyv. if ever, done, The Bratton and Mar-
shall method (M) is the standard procedure
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lor estimating these dmes, and detection
by it depends onat least one of the amino
groups being frees orcib substituted, for the
substitution to he sufficiently Tabile to break
down under the acid conditions ol the test,
The signilicance of this will he appreciated
in o lew moments.

Lowe (%) was probably the first investi-
gator to endeavor to determine the mini-
mum clleetive dose of DDS, but he made
the tacit assumption that all strains of My-
cobacteriaum leprac are of cqual sensitivity
to this drug. With the development of the
mouse foot pad technic of Shepard (7). we
cian now determine the minimam coneen-
tration ol dapsone in animal tissnes that
inhibits multiplication of the leprosy bacil-
lus. In our own studies in mice. made in
collaboration with Rees (7). the minimum
cllective dose is a concentration that lies
hetween 0.001 and 0.0001 per cent DDS in
the diet. and this dose produces very low
levels of drng in plasma, muscle, and other
tissnes. They are in fact less than 0.2
pgm. ml Inomy tests, the concentration of
DDS that alfects the growth of tubercle
bacilli in 33 per cent blood is 62 pgm. ml.,
and at this concentration the effect is only
partiad; 1000 pgm. ml. is required  for
complete inhibition. In the Peizer and
Schecter medinm the level that gives com-
plete 60 pgm. ml
These concentrations are on the order of

inhibition is about
those necessary tor an ellect with sulfona-
mides  against nonmycobacterial  species,
The leprosy bacillus must theretore be
phenomenally sensitive to DDS.

In l-x!rupnlnliu_«_{ to man this information
abont sensitivity gained inomice, however.
we make the following assumptions:

I, That man and mouse deal with DDS
in similar fashions, and

2. That the in vivo activity of DDS is duoe

solely to the parent drug.
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I conmection with these assumpiions il
must bhe noted that DDS is almost insoluble
ill waler, “U\\'l'\'l'l'_ ” Ih'l\' I]('('ll l\ll”\\'“ Illl'
many vears that DDS s changed in vico to
S”}’.‘itilll('l'h (llii! are maore .\l}]llhll' i“. \\"ll(‘l'
and might have antileprotic activity, The
therapeutic significance ol this change was
confirmed  when Woiwod and T (0
showed that the principal derivative still
had one lree aroup and  would.
theretore, still have antibacterial activity,
This derivative was identificd as a0 gla-
curonide, Becanse ol its acidic nature and
its Tability in weak acids with the vicld ol
unchanged DDS. we considered the union
to be between the nitrogen of one ol the
amino groups of DDS and the aldehyde
carbon of glucuronic acid (Fig, 1) alterna-
tively, according to Teewyn Williwms (%),
it could be an N-glucuronide ( Fig, 1) with
the glucuronic acid in its pyranose lorm,

amino

DDS
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This tvpe of conjugation was hitherto unrec-
ocnized.

Ll the
presence ol even another monoconjugate.
This is the Nesullbwmate (Fis, 23, it too
world have antibacterial activity, bhat it is
present inoovery low  concentrations. A
fourth metabolite. detected by Waoiwad
(% was the disubstituted N-
clucuronide, and this does not have anti-
hacterial The  monosubstituted
metabolites will be estimated by the Brat-
ton and Narshall method, irvespective of
whether they revert to DDS or not during
the estimation. but their concentration will
bhe underestimated unless reversion oceunrs:
because the monosubstituted  sul-
fones give less intense color in the diazo
reaction. Stable disubstituted forms ol DDS

Tsutsomi has  since shown
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More recently Ellard (%) has examined
the urine ol both rabbit and man, and
concluded Trom his results that the activity
of DDS is due to the presence of unaltered
drug. This conclusion was based on his
finding that 41 per cent ol the drug ex-
creted was present in the unsubstituted
form. Woiwod and T (") made most ol
our studies in rabbits, and we found that
the proportion of the dose excreted as the
mono-N-glncnronide depended on the pll
of the urine; the conjngating bond of the
derivative in this animal breaks readily
under mild acid conditions to release the
parcnt drng. With alkalinization of the wr-
inc, accomplished by administration of so-
dinm citrate, the quantity of nnsubstituted
DDS in the urine became wndetectable;
similar studies in showed that the
proportion of free dapsone excreted under
these conditions was less than 5 per cent.
Incidentally, we had evidence  that the
glucuronide in man was more stable than
that formed in the rabbit. We suggested
that one of the amino groups of DDS miay
have been oxidized to a hvdroxyl or car-
boxyvl group and the resulting substance
excreted as a elucuronide: we were. how -
ever. unable to recover any chinmged DDS.
either free or from a conjugate,

Becanse of the very low proportion of
unsubstituted DDS that we found in the
nrine, Woiwod and T (" 7) suggested that
the antileprotic activity of DDS is dne
mainly to the monosubstituted  derivative,
Ellard (%), on the other hand. finding
much larger proportions (40 - 50%). consid-
cred that the activity was due to DDS
itsell. The difference in our findings, and
therefore in our conclusions. may have oc-
curred  because  the patients studied T
Ellard were not given alkalies; the pll
value of their urines ranged from 6 to 7.
and alkalinization. similar to that accom-
plished by us, would have raised these

it

metabolite of DDS,

viddues to near or above pll 80 We consid-
cred that the free DDS present in urine
wits probably due to bhreakdown after pass-
ing throngh the Kidnevs, but Ellard sug-
gested  the very opposite. Bridges  and
Teewyn Williuns (%) shown  that
N-vlucuronides ol sultonamides  can de-
velop in vico nonenzymatically, and Ellard
("), by implication, suggested that as the
rates of the synthesis and decomposition ol
the  glucuronides vary  considerably  with
pll. the proportion of free DDS in the
urine will vary with the pll of the urine.
e is suggesting, theretore, that at least a
part of the glucuronide forms in the urine. |1
agree with the conclusion regarding de-

I v e

composition, but not with the suggestion
that svnthesis occurs alter passage throngh
the kidneys. We found that the proportion
of the conjugate was maximum in alkaline
urine. and Bridges and Teowyn Williams
found that nonenzyvmatic synthesis was op-
timal at pll 3 - A4 with little or no conjugate
forming above pll 70 the synthesis of the
DDS-N-glucuronide is therctore nulikely to
occur after passage through the kidney.
Morcover, Tsutsumi (") claims to have
identified the N-glucuronide of DDS actu-
allv in the plasma of rabbits.

Even it we agree that the (uestion is still
unsettled as to whether the DDS present in
the blood is solely in the substituted form.
the knowledge that the drug is present in
the plasma in more than one active form.
raises  the question whether the  various
forms are cqually capable of reaching sites
of infections. Observations on binding to
proteins, by workers at the Japanese Insti-
tute for Leprosy Rescarch (%), per-
tinent: they have shown that, whereas the
parent drug s highly bound to plasma
proteins, the more water-soluble derivates
are at most only slightly hound.

We too have made some observations on
this problem and the results confirm those

dre
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ol the Japancese. Inoa modification ol the
Bratton and NMarshall which we
nse o the Teehnicon Autoanalvser. the
serum s dialyzed against 05N hydrochlorie
acid, which Towers the pll ol the blood to
about 2.0; at this pll the DDS that s
absorbed 1o protein pusses into the acid,
We varied the method by dialvzing into
normal saline, Under these conditions only
unbound drug passes freely into the dialy-
sateand is subsequenthc estimated. We
compared the eflects of this modification on
the estimation of DDS that is present in the
blood of dogs alter oral administration and
alter adding DDS direetly to dog serum.
The results are shown in Table 1; they
show that approximately 52 per cent of the
DDS dialyzes into saline when the drug is
derived from that present in the alimentary
tract, but only 34 per cent dialyzes when
DDS is added directly to the serum.

method

Tasve Lo Diflecences i the proportions ol
bowund wwd Jree DDS (i secim after oral
admiwstralion and when aldding lo serum
in vitro, The total diug dialyses tnlo aeid bul
anliy wnhound drwg dialyses into rater,

DS content of =erum gem. ml.

Nl=orbed into

bilood Trom wit

(10 mgn ke,
orallyv)

Adddd to serum
(5 pgm. mlo

Toral
(dhalyz
able into
acid)

Iree
(dialyve
able into
sline)

ol 208 &l
(non-
dialyz-
able into
saline)

The significance of these observations is
that the metabolites ave likely to be present
in higher concentrations at the infection
site than the nnchanged drug. This conclu-
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sion, however, ignores the probability that
the parent drug, heing more lipid-soluble.
will be more readily taken up by the myco-
hacteria than the hvdrophilic metabolites.

Because of the Jow  concentrations o
drag in the tissues, and becanse ol the
instability of the mono-N-glucuronide  in
acid, the question whether the antileprotic
activity of DDS is due to the anmodificed
drog or to a monosubstituted  devivatiy e
may never be answered directly, Howeyer,
information that mav have some bhearing on
this question obtained  lrom
studies with the monosubstituted forms ol
DDS that are available for clinical use. For
example, Woiwod and I (%) found that
the  monosubstituted  glveine  derivative,
sulfone-cilag  (Fig. 3). was  excreted
unchanged after cither oral or parenteral
administration: ils activity can theretore
not be due to free DDS. So it would be
pertinent to know whether the minimuom
concentration that inhibits the mualtiplica-
tion of the leprosy bacillus, as measured by
the foot pad technic, is of the same order as
that of DDS. We should note, however,
that these monosubstituted forms of DDS
are less active than the parent drug against
the pyogenic cocei, when compared both in
vitro and in civo, and so. il their minimum
inhibitory  concentration for the leprosy
bacillus should prove to be higher than that
of DDS, it would be reasonable to assume
that the activity of DDS was due to DDS
per se and not to a monosabstituted meta-
bolite. I hope somcone will make these
experiments and thos attempt to settle this
question,

('IIIII(i 'III'

So far, I have confined my discussion to
DDS and to one of its monosubstituted
forms. To recapitulate my contentions, the
antileprotic activity of DDS appears to he
due, at least partly, to its monosubstituted
metabolite, whereas the activities of  the
monosubstituted analog scem to be due to
the drag per se. The monosubstituted forms
ol DDS are, however, seldom used. but
their disubstituted analogs, e, solapsone,
Promin and the diacetvl derivative are still
not uncommonly used. These drugs have
no free amino groups, and, as 1 have al-
ready indicated, there s convineing evi-
dence to show that antibacterial activity of
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the sullones (!t-]n'nd\ on al least one ol the
amino groups heing Treey the disubstituted
forms ol DDS must therelore he inactive
until one, or both, of the substituted amino
groups becomes hree,

The oral and [);!l‘t'nh'l';x] activities ol
these  disubstituted Torms of DDS  were
accounted  lor some ago. A small
wmount ol DDS is present as an impurity in
most ol these |J|’t'p;|l';1ti|>u.- and the cuanitily
is turther increased alter oral administra-
tion, hecause a variable portion of the drog
reverts to DDS during passage throngh the
alimentary tract. After parenteral adminis-
tration little of the drug reverts to DDS,
and the activity then appears to he due to
the contaminating DDS and also to the
corresponding monosubstituted form. This
present in the
drug as an impurity, but it is also formed
nonenzvmatically in vivo from the disubsti-
tuted form; in water these  disubstituted
anadogs of DDS form equilibritnn mixtures
consisting of both the disubstituted and the
monosubstituted forms. According to Tsut-
st Promin. alter in-
travenons injection, is desulfonated to form
the N-glucosides ol DDS. and  therefore
closely the  N-glucuronide ol
DDS. 1w not aware of any studies with
the diacety] derivative when it is used as a
repository: its low  solubility will  make
these diflicult,

So far, these comments recarding the
metabolism of DDS have dirceted
mainly toward use of the drmg in the treat-
ment of leprosy, but perhaps 1T may con-
clude with some remarks regarding the use
of DDS in malaria. In this infection advan-
tage can be taken of the synergic action of

VOIS

monosubstituted  torm s

('), however,

rescmbles

|l(‘l't|

Monosubstituted devivatives of DDS,

DDS and other antimalarials, and the dora-
tion ol action becomes important it the
doses ol the drugs are 1o be properhy
matched. We have recently determined the
halt-lite of DDS in the serum of five human
volunteers. They took 100 mem. DDS and
the halb-fife averaged 28 hours, but ranged
from 17 to 325 hours. Peak concentrations
of 1.5 to 2.0 pgm. ml ocenrred in three to
six hours, hut concentrations ol about 0.2
pem. mlowere still present at three days
and the dme was.still detectable at four
davs: no drug, ie., <005 pgm. ol was
detectable in the serum at seven days.
although traces, ie., 0.2 pgm. ml, were
still being exereted in the urine atter 12
dayvs or more. These results agree with
those ol carlier workers, _\]lh(mgh ('umplvtt'
climination of the drmg takes almost two
\\'l'l'l\h. i|| t]ll' ['{’““-(}1 [}{ IlI:l]:Il‘iil. il {Ii.\l'll.‘il'
in which we are presumably mainly inter-
ested in the concentrations of the drug in
the blood, it is the plasma half-life of about
28 hours that is important in the endeavor
to mateh the dose of DDS with that of a
second dmge.

I commenced this discussion by referring
to the empiric nature of sulfone therapy: |
will end it by suggesting that when all the
implications of drg metabolism and dis-
tribution are considered, the basis of the
chemotherapy of Teprosy seems unlikely to
diller significantly from that of other infec-
tions. o practice, successlul therapy s
based on the empiric observation that in-
feetions cansed by organisms  that have
some degree of sensitivity to certain drugs
usually respond to treatment with  these
drugs.
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\thonel the bhoen the
standind treatment of leprosy for 20 vears,

sullones have
their administration stll vemains essentially
cipiric. The development ol a rational
approach has been hindered by lack ol
information regarding sensitivity of the lep-
bacillus  to and  their
metabolites,

Now that the multiplication of the lepro-
svobaeillus o animals is known to be pre-
vented by adimistration ol sullones, the
minimum ellective concentration is deter-
minable. noorder to place treatment with
the saltones onoa less empirie hasis, il

rOSy these  dmes

would scem necessary only to - determine
the optimum regimen for maintaining this
concentration ol dimg in the tissues of man,
L practice, however, the problem is com-
plicated by: (17 The knowledge that DDS
is changed in vivo and that at least one ol
the metabolites is probably active. (27 The
metabolism ol the sullones in the mouse
may diller significantly Trom that inomean.
and  the minimum ellective concentration
ol diazotizable drag in the tissues ol man
may theretore difler from that of monse.
(3) The diflicalties of making dircet obser-
vations inoman ol the concentrations in
tissues may make relianee on plasma con-
centrations appear necessary. () The ad-
sorption ol DDS and of its metabolites to
plasma proteins diflers, so that the coneen-
trations in plasma may not refleet those
tissues, (53) The hydrophilic properties ol
the drug and its metabolities difler greatly;
this may allect their distribution  within
tissues. Because ol these complications the
problem may have to be solved indirectly
by comparing in mice the clfects of DDS
and a stable monosubstituted  derivative,
e the glveine derivative,

The half-life of DDS in man is about 28
hours. but this knowledge has not been
important for efleetive treatment of lepro-
sy, for low but probably adequate concen-
trations are stll present in the blood and
Lissues Tor several davs, However, as DDS
is now bheing recommended Tor the treat-
ment ol malaria in conjunction with the
antilolates, this knowledge is necessary in
order to arrange a suitable dose regimen for
the two drues,

Bushby: Mctabolism of the Sulfones
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DISCUSSION

Dr. Peters. Dr. Bushby referred to a pa-
per by Ellard, who measured not only
directly  diazotizable  materials, but also
those released alter mild and strong hydrol-
vsis, It would hielp to know il the N-
slicuronide is completely hivdrolyzed by
direct diazotization or possibly contributes
to the other fractions. Fuarthermore, what
are the materials contributing to the diazo-
tizable substances released by the mild and
strong acid treatments?

Dr. Bushby. The N-glucuronide detected,
which is a major metabolite, is broken
down under acid conditions without heat, |
do not know the nature of other metabo-
lites contributing to the slight increase oc-
curring during acid hydrolysis with heat. Tt
ususally is  attributed  to the  acetylated
form, but we were unable to deteet any
acetvlated form in our studies.

Dr. Powell. In urine normally there are
small amounts ol diazotizable  materials.
These appear to vary from day to dav, It
seems difficult, therefore, to know precisely
when values reach undeterminable levels
after cessation of administration of DDS. 1
would like to ask Dr. Bushby if he correct-
ed for the small amounts of material nor-
mally present, and at what point he de-
cided the values of density readings were
too low to bhe significant. Our own values
have approximated nondetectable, or at
least nonsignificant, values, usually three to
five days after cessation of the administra-
tion of DDS, whether dailyv, weekly, or in
single doses.

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

Dr. Powell. We were using the Bratton-
Marshall procedure, as modified by Moles-
worth,! with standards prepared by the
addition of the parent DDS to aliguots of
urine.

Dr. Bushby. Estimations were made on
extractions into a nonpolar solvent after
acid  hvdrolysis. This rednces the blank
ficure almost down to undetectable lTevels,

Dr. Powell, How much doces this inerease
accuracy, sensitivity, and reliability: of the
procedure?

Dr. Bushby. It climinates the problems
arising from variable blanks.

Dr. Levy. [ would like to ask Dr. Bushby
il the mono-N-glucuronide wonld be ex-
tractable into chloroform or ethyl acetate
From an alkalinmized arine or blood.

Dr. Bushby. It would not.

Dr. Levy. Is this the material accounting
for some or much of the circulating dap-
sone that can be measured in the blood,
and. if so. how can this be reconciled with
the rather common finding that most of the
dapsone in the blood is readily extractable?

Dr. Bushby. That depends on the pH. 1
it is made acid and then extracted, it will
come onl.

Dr. Levy. In the method deseribed in
Simpson’s paper! the extraction was made
from material made slightly alkaline with
dibusic sodium phosphate.

Dr. Bushby. 1 cannot answer the ques-
tion directly. But if, when they make their
estimation, they first acidify in order to
break labile bonds and then take the pH
back to the alkaline side in order to get the
free DDS to pass into the solvent, then this
glucuronide wonld he estimated.

SMovesswortr, B D oand Nakavasaswasin, The
veatment of lepromatous leprosy with 4 -diam-
inodiphenyl sullone in ol Findings in 100 cases
treated for one vear. Withe note on the technigue
of sulfone determination by 1AL Simpson. Internat.
] Leprosy 17 (1949 197210, (Simpson’s method
is described on pp. 208210,
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Dr. Levy. Possibly  the N-gluicuronide
might not he so readily extractable as the
Bratton-Marshall-reacting material,

Dr. Bushby, This is cortuinly our experi-
C1eC.

Dr. Shepard. 1 would like to ask Dr.
Bushby in what species sullone-cilag was
excreted inounchanged form.

Dr. Bushby. It was in the rabbit.

Dr. Peters. In view ol the reports of
hemolvtic anemia following high doses ol
DDS in very sensitive  individoals, one
might suspect that hydroxylamine or nitro-
soderivatives  could be  formed. These
would not be diazotizable. T wonder il
there is any evidence or indication that
these compounds have been isolated  or
indicated as metabolites of DDS.

Dr. Bushby. Not as far as 1 know. I they
are not diazotizable or do not give a posi-
tive Ehrlich reaction, I would not think
they would have been detected by other
methods,

Dr. Chang. Dr. M. L. Smith and his as-
sociates  at  the  National  Institutes ol
Health, Bethesda, Marvland, studied more
than 20 mono-derivatives of DDS before
1949, and tested them in experimental tu-
herculosis in guinea-pigs. One derivative,
4-amino-4 - g - hvdroxyethylaminodipheny|
sulfone ( HES ). was found to be the leasl
toxic drug in various species of animals.®
It is 10 times less toxie and only 2 times
less active than DDSH Payne and  his

ASanin, M. T Jacksox, Foo L, add Baver, 1L
Fuoaluation of the sulfones nd streptomycin in
experimental tubercalosiss Anne New York Acud.
Seis 520 (14 T TR,

Discussion of Dr. Bushby's Paper a7¢

associates' treated 57 pulmonary tubercu-
losis patients with HES partly combined
with streptomyein, The ding was well
tolerated in a dose of 1.5 to 3 gm. daily
for 6 months. Its antituberculosis activity
was apparent. Floch® treated 10 cases of
lepromatous leprosy with HES, T gm. daily,
for 2 to 7 months. The drug was well
tolerated, and its antileprosy activity was
the same as that observed with other sul-
fones.  However, Cochrane” claimed  that
IS was toxie, as observed in his trial
of onlv 7 cases ol leprosy. The most inter-
esting point with reference to 1HES s that it
is not converted into DDS in vivo. Tt is
excreted as amino-tearboxymethylamino-
diphenyl sulfone (the sulfone-cilag) in the
arine ol the cat™ and in man (Chang, Y. T..
unpublished ). One would like to sce a
thorough  clinical  investigation  of  HES
made before such a valuable drug is aban-
doned from the leprosy field.
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