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The discovery of the antibacterial properties of the sulphona
mides by Domagk in I 935 initiated a new era in chemotherapy 
and revived an in terest in th is subject . As a result  of the d iscovery 
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that the activity of  ' prontosi l  ' resides in the su lphonamide anion , 
it was realized that compounds of  all ied structures m�ght show 
similar bacteriostatic properties . 

B u t t l e et al. ( .1 93 7 ) tu rned their attention to d i a m i nodipheny ls u l phone 
\I'h ich was fi rs t s yn th es i zed m am' years p rev ious l y by From m a n d  Wittmann 

( 1 908 ) . This s u bsta n ce was fo u nd to be very m u ch more e ffective than 
the s u l phona m ides , b u t  ex peri me nta l work showed tha t  it po�sessed a 
h i gh degree of tox ici ty .  Feld man et al. ( 1 940 )  therefore t u rned their 
::.tten t i o!1 to a derivativ(' pre pared i n  [ 935 , nalT . ely • prom i n ' : -

C H,O H  { C H O H ) 'CTN HO SO,O NHT {CHOH ) ,C H,OH 

OS02Na OS02Na 

This  is a N ·N ' · d i dex trose s u l ph ona te of the pa,rent s u bsta nce with a 
molec u l a r  wei ght of 2 4 8  and a d iam i nod ipheny ls u lphone ( D DS)  content 
of 3 I . 8 per cent . These workers reported that t h i s  s u bstance had an 
i n h i bi tory effect i n  ex peri me n ta l t u berc u l osis i n  g u i nf'a-pigs .  This led to 
a further search for drugs i n  this  gro u p ,  not on ly for the treatmen t of 
t u berc u l os is , b u t  a lso for leprosy-the otber seri ous m yco-bacteria l i n f('ction 
II 'hich a fflicts m a n k i n d . The fol l o w i n g  are the main derivatives of D D S  
w h i c h  were p repared su bseq uent t o  t h e  syn th eo is o f  ' p ro l l l i n '  a n d  have 
been advoca ted for the treatment of lep rosy : -

( !:) SlI!/,hetroIlC ( J 93 6 ) , a cinnama ldehyde bisll i phite deri v a t i \'e of 
] ) ] )S :-

C.H'-cr-CH,-C, - N HO SO,O NH-T-C H ' - C I -c,H,  

OS02Na OS02Na OS02Na OS02 Na 

I p o l ec u lar weigh t Rq2 . 5 , D DS contf'nt  - n . 8 percen t ,  
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( 2 )  Diasol1e.-F i rst prepared i n  T 93 8 .  T h I s  is  a forma ldehyde s u l phox

u late derivat ive  of D DS:-

Cf, NHOSO,ONH Ci' 
OSONa OSONa 

m o l ec u la r weight 4 4 8 ,  DDS content 5 5 . 4  per cen t .  

( 3 )  Pro m ;zole.-This i s  a thiazole derivative o f  D D S  i n  which, i n stead 
of a benzene r i n g ,  a thiazole  gro u p  has heen ; nst.rted :-

NH,Oso,(]
N 

S N H 2  
m o l ecu l ar weigh t 255 , D DS con tent 97 . 5 p e r  cent . 

( 4 )  P1'0 1IItirelill .-This  is a sodi u m -4 ' - 4 ' - d i a m i n od i ph e n y l s u l phone - 2 -
hcety l s u lp hon a m i d e : -

o 
/I C-N-Na 
I 

C H2 
m olecul'l.r weight 390, D DS content 63 . 6  per cen t .  

( 5 )  SII//,holle Ci/ag .-This i s  a m onoacetyl ester of DDS : -

1 l 1 0 l ec i l lar  weight ,l 2 il . 8 ,  D DS con tent  75 . 7  ppr cen t .  

As a result o f  work on  the use o f  DDS in ve terinary medicine 
( McEwen et al. ,  I94I ) and the stimulus of  contact with Francis, 
experiments were started in Madras in 1946 , and subsequently in 
West Africa and Calcutta, to reinvestigate the possibil ity of giving 
DDS i n  preference to the more complex slllphones . The reasons for 
the continued advocacy of  the complex sulphone derivatives w il l  
be explained when the  individual drugs are  discussed . I t  is 
sufficient to say that under certain conditions it has been shown 
by Lowe ( I950) that the parent substance is possible of administra
tion on a large scale ,  and therefore the original hope of  the early 
workers that DDS would prove to be a powerful antibacterial drug 
has been largely fu If! l ied . 
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It was only nat ural that w h e n  the s u lphones were foun  I to 
be effective in leprosy ,  trials would be m a d e  o f  drugs which have 
been shown to have a chemotherapeutic effect in tuberculosis . 
Ryrie ( 1950) published a report on the treatment of leprosy by 
, thiacetazone ' .  Behnisch et ai. ( J 950 )  synthesized this drug, 
which has no relationship chemically to the sulphones or the sul
phonamides . It  is para-acetyla!TI ino-benzal dehyde thiosemicarba
zone and has the following structural formul a :-

C H 3 · C O . N H  O C H  = N . NH . C . N H2 /I 
S 

S U LPHONE THERAPY : DRUGS AND DOSAGE 

Stdpbetrone .-Both at the International Leprosy Congress at 
H avana and at the recent All-India Leprosy Congress, . su!phe
trone ' was recommended as the sulphone preparation which was 
likely to show the minimum toxic eftec;ts .  Since the Internationa l 
Leprosy Congress, work has been continued in Madras and Calcutta 
on the parenteral administration of §ulphetrone, and this has 
become the preparation of choice when parenteral, rather than 
oral, administration is advocated . 

Dosage recommended : Whilst the Al l-India Leprosy Con
ference recommended a standard dosage of 4 g . per week, recent 
evidence in the Research Department of the Government Lady 
Willin,gdon Leprosy Sanatorium, Chingleput, indicates that a 
dosage of 3 g .  per week is effective both clinically as well as 
bacteriologically. Sulphetrone is made up in a 50 per cent . solution 
in distilled water or freshly collected rain water, and can either be 
autoclaved or boiled . Carbolic acid, 0 . 5  per cent . ,  or another 
antiseptic, is added' if the solution is to be kept. I f  the worker 
has experiei1ce in the treatment of leprosy and can recognize the 
type of case which tends to react, then the following course of 
treatment is recommended :-

1 m! . of a 50 per cent solution of sulphetrone twice a week 
( 1  g . ) 

increasing by 1 m! . per week until 3 ml . twice a week (. 3  g. ) 
is reached. 

If the practitioner has had little experience in the treatment 
of leprosy by the sulphone group of drugs, then the increase in 
dosage should be more gradual and should be given after one 
month's treatment on the lower dosage . Patients may complain 
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of pa in on injection with a 50 per cen t .  solut ion o t  sulph etrone . 
Jf this is the case one or two expedien ts ca n be adopted : ( r )  
reduce the percentage of the drug to 20 per cen t .  and gi ve a 

greater quanti ty of the sol ution in order to administer the dose 
indicated above ; ( 2 )  neutralize the solution ,  as the Calcutta 
workers ( Dharmendra , 1 950) ha v e  suggested , with sodium 
carbonate in the propor tion of 1 - 4 ,g. of  sodium carbonate to 1000 
m! . of aqueous sulphetrone . 

Oral administration o f  sulphetron e :  Wharton ( 1 947) first 
showed that sulphetrone given by the oral route was an effective 

drug i n  the  treatment of lepromatous leprosy . Since then much 
work has been done and, generally speaking , the dosages now 
advocated are much lower than those formerly recommended . 
Neverthe less , now that greater experience has been ga ined with 
the parent substance ,  i f  oral therapy appears to be the best method 
of  treatment DDS tablets should usually be given .  Many , how
ever, will sti l l  prefer to use sulphetrone,  and therefore the follow

ing course is recommended :-

T wo tablets ( I  g. ) per day for one week 

Four tablets (2 g . )  per day for one week 
Six tablets ( 3  g . )  daily 

In  areas where dietetic deficiencies are marked , it is we l l  to 
increase the dose at a fortnightly, rather than weekly, interva l .  

Diasone .-The fo l lowing i s  the recommended dosage of this 
drug :-

I tablet ( 0 . 3  g . ) once a day for I week 
I tablet ( 0 . 3  ,g . ) twice a day for J. week 
I tablet ( 0 . 3  g . ) three times a day 

Dialltinodiphenylsulphone.-As a result of the work in M adras 

( C ochrane et aI., 1 949) followed by that in M a laya ( M olesworth 
et a/. ,  1 949 ) , i t  was shown that parentera l DDS was an effective 
form of  treatment in leprosy . The original  dosage used ( 2 . 5  g. 
per wee k )  was found to be too high and , in addition , there was a 
general tendency to depot formation . Workers in Malaya , how 

ever, by administering a dosage of not  greater than I g .  per week, 
and using cocoanut oi l  as the suspending medium, have to a large 
extent overcome these two disadvantages of parenteral therapy . 
Since Lowe and Smith ( 1949)  showed that D DS was almost com
pletely absorbed when given by mouth , it is now generally recom
mended that DDS be given by this route rather than by injection . 
As will  be mentioned . because of the great risk of toxicity in 
dosa,ges h igher than 600 mg. per week , oral DDS is not personally 
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recommended unless adeq uate supervIs ion is possible and pre
cautions taken to see that  patients cannot take more than the  
prescribed dose . This means tha t  unless the  leprosy patients a r c  

in  camps where a responsible individual can give personal super
vision to the administration of daily oral treatment , this is not 
advocated , for i t  has been shown that bi-weekly medication may 
be as effective as daily dosage . The following is therefore the 
course of treatment recommended ( a )  for da lly admin istrat ion and 
( b )  for bi-weekly administration :-

( a )  Daily administration :-

t tablet ( 50 mg. ) per day for six days in the week ( tota l  
weekly dose 300 mg. ) 

I tablet ( 100 mg. ) per day for six days in the week 

It is inadvisable to increase the dose above 600 mg. per week . 
I t  is usually recorr.mended to increase to the h igher nose after 
fourteen days , but one month is a safer interval . 

( b )  Bi-weekly administration :-

I tablet ( 100 mg. )  twice a week for two weeks 
2 tablets ( 200 mg. ) twice a week for two weeks 
3 tabl ets ( 300 mg. ) twice a week 

In certain areas , such as South I nnia,  where there is a great 
scarci ty of food ,  it is wiser to increase the dosage each month 
rather than fortnightly . 

Other derivatives.-It is impossible to discuss the dosages of 
all the derivatives of  diaminodiphenylsulphone ,  and therefore those 
which are in more general use have been brought under review . 
It may be mentioned , however, that in the case of ' promin , '  daily 
intravenous injections make i t  unsuitable for use . The expense 
of this , and of ' promacetin , '  make these drugs impracticable for 
general administration . For general guidance it should be stated 
that the dosage of any given derivative of diaminodiphenylsulphone 
should be in  proportion to. its DDS conten t .  Dosages in  children 
should be proportionateo--children of twelve years and under should 
receive half the adult dose ,  and those under seven one-quarter . 
Ch i ld ren , however, appear to tolerate sulphones extremely wel l .  

CHOICE O F  THERAPY IN R E LATION TO TYPE OF CAS E  

Now that the cost o f  sulphone therapy has been reduced t o  
a reasonably low figure, every active lepromatous case should 
receive t h is therapy . Lowe ( 1950)  c laims that al l tuberculoid 
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cases ( the leprides ) should be given sulphone therapy . In a l l  

active tuberculoid cases it is advisable to begin wi th su I  phone 
therapy, but the indolent ,  slow ly progressive tuberculoid lesion 
w i l l  not respond as dramatically as the more active lesions . If 

marked improvement is not seen after eight months it is our 
practice to resort to intradermal injections of  ethyl esters of hydno
carpus oil . 

In the Indian with early hypopigmented macules of neural 
leprosy ( maculo-ancesthet ic les ions ) there is l i ttle evidence that 
these drugs are efficacious . In  neural leprosy with deformity or 
threatened deformity, sulphone therapy may be harmful in that 
the acute nerve pain which is sometimes seen ·may increase the 
nerve damage and therefore intensify the deformity . In these 
cases , orthopcedic and physiotherapeutic measures wi l l  do more 
good than sulphone therapy . We believe that apart from the 
t uberculoid case, sulphone therapy should be used only in the 
bacteriologically positive case and that standard methods of hydno
carpus treatment should be employed in all other cases , with due 
attention to prevention and alleviation of deformity and trophic 
\ l lcera t ion . 

TOxIC REACTIONS TO S U LPHONE THERAPY 

All sulphones , be they ' promin , ' ' diasone , '  ' sulphetrone ' 
or the parent substance DDS , are liable to set up a condition which 
has been described by Wolcott ( 1947) as e1·ythema nodo'Suln lepra
slim . This syndrome was known previous to sulphone therapy, 
but since its introduction i t  has become much more common . It is 
probably related to the Herxheimer reaction and represents an 
acute response to the rapid multiplication and breaking down of 
M. lept·ace, giving rise to high fever, erythematous ( rose spot )  
nodules , and erythema-nodosum-like lesions.  The condition is on 
the whole favourable , and only cal ls  for the stoppage of the drugs 
if the reaction is severe . I f  sulphones are stopped , then half the 
dose which precipitated this condition should be given after the 
temperature has returned to normal and all signs have subsided . 
This condition must not be confused with an extension of activity 
of the disease which shows itself in  fresh lesions , sometimes vesicles 
which show pus, or breaking-down nodules . Unlike the erythema 
nodosum phenomenon , in  which few or no bacill i  are found, bacilli 
are seen in enormous numbers and often in ' globus ' formation . 
Such a condition demands the immediate stoppage of the drug and 
very gradual increase on resumption of treatment .  

The parent sulphone has the greatest tendency to precipitate 
these conditions , and parenteral ' sulphetrone ' the least . 
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Blood changes .-The most common toxic sign IS a decrease 

111 the red cell count and a parallel decrease in the hcemoglobin 
value .  With the parent substance-orally or parenteral ly-and 
with prom in intravenollsly, diasone and sulphetrone given oral ly,  
this tendency to ancemia may be serious and a considerable fal l  in 
both the red cell count and hcemoglobin value may be seen . A 
serious fall in these figures has not been noted when sulphetrone is 
given parenteral ly . A general rule is that ( except in the case of 
sulphetrone given parenterally) if the hcemoglobin is below 1 2  g . , 
then hcematinics should oe administered , and if below IO g . , then 

yeast should be given in addition and the drug stopped . In this 
case sulphone therapy should be resumed when the hcemoglobin 
reaches I3 to I4 g .  Slight depression in t he hcemoglobin value in 
the tropics is not an indication to withhold therapy, and i t  must 
be remembered that,  when large n umbers are treated,  the necessity 
Lor giving additional iron therapy increases both the complexity 01 
administration and the cost of treatment . 

I f  the dosages advocated are strictly adhered to, the more 
serious toxic signs such as nausea, vomiting, jaundice, and con 
fusional mental states, are unlikely to  occur. Nevertheless, with 

DDS therapy the urine should be tested periodically for urobilin . 
With oral remedies, such as ' diasone ' and 'sulphetrone ' ,  gastric 

disturbances may be seen . These are seldom troublesome on the 
smaller dose which is herein advocated . Generally speaking, when 

the initial dose is small and the increase in dosage gradual, l ittle 
difficulty is experienced in respect to toxic signs, but again DDS 
is  most liable to  cause toxic manifestations . The  only toxic 
manifestation of any moment with aqueous sulphetrone is a drug 
del'maiitis, which usually responds to antihistaminics . 

M ETHOD OF ACTION OF THE S U L PHONE DRUGS 

It  has been surmised that the action of the chemotherapeutic 
agencies is probably due to interference with the util ization o f  an 
essential metabolite , and thus the multiplication of the organism in 
the tissues is inhibited . I t  is well known that all su lphones have 
the property of causing the M .  lepra? to break up into granules, 

and it is suggested that these are seen when the environment is  
unfavourable to the growth of the organism . Granular forms, 
however, are not only seen in su lphone therapy, for there is evi
dence that this also occurs under hydnocarpus therapy, as well as 
during the ordinary evolution of  the disease . In this connexion it 
should be mentioned that Khanolkar ( I95 I )  has demonstrated that 
positive contacts of  open cases not only occasionally show a few 
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baci l l i  in sections of the skin , but these baci l l i  tend to break up 
into granules and are finally reduced to acid-fast dust ( ' fuchsino
phil material ' ) .  Another phenomenon which is noted is that when 
the baci l l i  are markedly reduced to the granular form the cl inical 
signs subside,  sometimes most dramatical ly .  Under these conditions 

the granuloma gradually begins to clear from the dermis . In an 
advanced lepromatous case,  enonnous numbers o f  baci l l i  can be 
demonstrated in skin sections, and to see a fter eighteen months to 
two years the almost complete disappearance of  the :granu lomatous 
tissue is most striking . De  Souza Lima' s ( 1948) observation has 
been confirmed independently in  material taken from cases in 
Madras ( Cochrane,  195 1 )  that when the baci l l i  disappear from the 
skin, granu lar forms are often seen in the sma l l  subcutaneous 
nerves and in the muscles ( ?  nerve endings ) , and the- histology 
returns to that of the uncharacteristic (pre-leproma ) appearance 

of  the very early lesion . This observation-that the bacil l i  in 
many cases persist in the nerves and muscles after they have dis
appeared from the dermis-suggests that  these organs may act as 
r eservoirs of  infection from which a recrudescence of the disease 

is always possible . 
I t  is therefore believed t hat there is sufficient evidence to con

clude that these granular forms o f  M. Lepra? are viabl e .  It is 
probable that they are inactive, and the patient may be non
infective when only a few granules are left . I t  is known , however, 

that lepra reactions can occur even after the bacilli have almost 

completely disappeared ,  using standard methods of examina tion . 

I have seen sev ere lepra reactions in a patien t ,,,ho previously showed 
a n  occas ional negative smear, and then a few smears revea l i n g  a few 
ac i d -fast granules, s uddenly pass i nto a state of severe react i on ,  and after 
this had subsided the s mear resu lts deteriorated ; nevertheless , a l l  baci l li 
were H i l l  gran u lar .  In one case,  which sho wed o n l y  acid-fast granu les 
when treatment was discontinued,  acid-fast rods bega n to appear in the 
sm ears e ighteen m onths after the cessation of treat men t .  

From these observations i t  seems that the  acid-fast granules are 
st i l l  viable forms of the bacil lus ,  even though they may u ltimately 
be destroyed by macrophages . The fol lowing tentative conclusions 
therefore suggest themselves :-

( :t )  Although there is at present no defin i te  evidence that the 

granular forms of  baci l l i  are dead , in al l  probabi lity they represent 
a sta.ge of  relative inactivity and are there fore mu�h  less capable 
of transmitting the infection . 

( 2 )  The sulphones prepare the t issues of the body for the 
alteration of the bacill i  to granular forms and thus enable the 
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macrophages to deal with them more easily . Whether or not  a 

given individual wil l  lose all signs of bacil l i  may depend upon t h e  
inherent capabi l i ty o f  t h e  body to dispose of these gran ules . T h e 

n u m ber o f  cases which became h istologically negati v e ,  tha t  i s ,  
those in which the  granu lar forms cannot be  'found even in sma l l  
subcutan eous nerves ,  i s  n o t  yet known . 

( 3 )  In view o f  these findings it might be well to continu e  
maintenance doses of  sulphones for a considerable t ime after 
, cl in ical c u re ' .  and possibly throughout  the l i fe of the pat ient . 

There are a n u mber of anomal ies in sulph one therapy which 
sti l l  need elucidation .  For instance ,  it may no t  be correct to state 

that because a lepromatous case is given sulphone therapy early 
that it will become negat ive more quickly than one which is more 

ad vanced . I have seen marked clin ical and bacteriological improve
ment in moderately advanced and advanced lepromatous cases . 
whereas in the earlier cases the progress has been much slower. 
In  several  cases , although only a few smears were slightly positive , 
these have remained in this state for over two years , during which 
period more advanced cases have become negative . The explana

tion for this may be,  as pointed out ,  due to the variableness in the 
ind iv id ual  to dispose of the granular forms o f  the bacilli . 

OTH E R  C H E MOTHERAP EUTIC AGENTS 
This account of the chemotherapy of leprosy would not be 

complete without some reference to other chemotherapeutic agents 
and antibiotics-namely , thiacetazone, para-aminosalicylic acid . 
and s treptomycin . 

( I )  Thiacetazone.-W h ilst it has not been possible to confirm 
Ryrie ' s ( 1950) observations that thiacetazone has a q u icker action 
on the M. leprtE than the sulphones , yet the action of these drugs 
is similar,  and there is evidence that i t  is an effective agent in the 
treatment of leprosy, and is worth a trial in those cases which show 
intolerance to sulphones . especially those which exhibit a drug 
dermatitis . The dosage which has been used is 25 mg. daily. 
increasing each week by 25 mg. until 150 mg.  per day is reached .  
Children of twelve years and under receive half t h is dose . "Under 

this regimen moderately satisfactory progress has been seen in  the 
majority of cases treated over a period of n ine months . 

( 2 )  Para-aminosalicylic acid and streptomycin .-Although there 
i s  ev idence that PAS and streptomycin have a similar action to the 
snlphones ,  th is  is so s low that the expense of  the d r u g  and the 
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necessi ty for frequent administrat ion preclude their being used in 
leprosy. There is no evidence that these drugs can control l epra 
reaction ;  both drugs-PAS to a greater extent than streptomycin
may precipitate an acute exacerbation of the disease as wel l as the  
phenomenon known as erythema nodosum · leprosum .  

CONCLUS ION 
In clos ing, readers are reminded o f  the danger of assuming 

that the leprosy problem is now solved because of  the development 
of a h igh ly successful therapy . I t  would be a retrograde step i f  old 
s logans of  twenty-five or more years ago were revived . Caution 
should sti l l  be the watchword in relat ion to statements concerning 
the  absolute success of modern therapy in leprosy . 

The new and welcome advances in treatment have served to 
focus attention to a greater extent on the need for the study of 
physiotherapy and or t'hop<edic measures ( induding surgery ) in 
leprosy, so that deformity-threatened or actual-may be relieved 
and the leprosy patient, if ' cured ' by sulphone, or other therapy , 
ran resume his normal activities withou t disabl ing deformity. 

My gratefu l thanks are due to Dr .  P .  Sheshagri Rao,  D . Sc . , of the 
K i n g  T nsti t u te,  G u i ndy , M a d ra s ,  for hel p w i th the biochemical aspects of 
the work . \Vi t h o u t  the genero u s  he l p  of  Mav & Baker Ltd . ,  free suppl irs 
of < l ru gs from chemical  firms i n t ert-strd ;n the thrrapv of leprosy , and a 
gra n t  fro l l l  the Ha l ley Stewa rt Trust for patho logica l  i n v esti gation , this  
\\'ork wou ld  havf> hppn i m possi b l e . 
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