
, \  1 ·J1 . \ I� _\ I . \ CU LUG J ( ' . \ L Sn ' J ) Y  

A P H A JU , l ;\ C O LO C J C A L  S T U D Y  O F  

T H R E E S U L P H O N E S 

1 7  

Part l l I-T H E  S P EC I F 1 C  T O X I C  P H E N O M E N A  

M ICHA E L  SM ITH 

BLOO D D Y S C R A S I A S  ( C on te l . ) 

I n  the p revious  art ic l e  the h a e m o lytic effects of the s u lphones 

was considereel . T h e  attempt was made to show that  t h e  mechanism 

of su lphone anaemia is by n o  means one of s imp l e  h aem olysis . I t  

was s h e w n  t h a t  parentera l ad m i n istrat ion o [  t h e  a m o u n t  o f  s u l p h one 

calcu lated ( from the absorpt ion e x p e r i m e n t s  d e t a i l e d  i n  Part  1 )  to 

be available to the body from oral admi n is t rat ion . docs not  pro

duce any significant  degree o f  anaemia . 

The direct assessment of h aemopoietic factors responsible for 

s u lphone anaemia is  beyon d  the scope o f  this article . but t h e  

en deavo u r  h as b e e n  made to d iscover  h o w  far a d i rect toxic  

haemo lysis is respon s i b l e  for the a naemi a ,  

Haemolysis  occ u rr i n g  i n  s ign i fi c a n t  a m o u nts i s  u s u a l ly 

evidenced by ( i ) haemoglobinaemia ( i i )  m e t h aema l b u m i n a e m i a  

( i i i )  increased faecal  u robi l i nogen u ria . As wel l .  tho ugh not  o n ly 

with haemolysis . a n d  n o t  pathognomic of i t , b i l i ru binaemia .  
urobi l i n u ri a .  and an i n c reased fragi l i ty o f  t h e  red cel ls  occur . 

Table I shews that  summarised res u l ts of repeated tests 

upon the 300 pat ients u ndergo i n g  su lphone th erapy at this  Unit . 

E x a m  i n a  t iO l l  
H aemoglobinaem i a  

Mcthaem a l b u m i n  

Faecal U ro b i l i n  

B i l irubinae m i a  

Red Cel l  Fragi l i ty 
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The e v idence for a haemolyt ic  process is o n ly dear cut  in the 
case of d i a m i nodiphenyls u l phone . S u lph etrone cannot be cal l  eel 
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a h a e m o l y t i c  d r u g  i n  t h e  dosage e mp l oy ed h ere ( S -6g d a i ly ora l ly 
for a 6S-70kg a d u l t ) . D iasone becomes more c l ear ly a h a e m o lyt ic  
agent  w h en t h e  dosage is r a ised a bove 2 . -tg d a i l y ,  but  t h is dose 
has never been recom mended i n  leprosy therapy . 

A typical  h a e m o lytic process is d escr ibed i n  th l '  case h istory 
reported bel ow . 

C ase History. 

An a d u l t  male 3S-40 years , i n  exce l len t general  hea l t h , LI c ase 
of leprosy,  no trophic  defo r m ities . A fter h a v i n g  been estab
l ished on 0 . 3  daily o f  d ia m i n o d iphenylsulphone for sever a l  
months ,  t h e  fo l l o w i ng l aboratory res u l ts were obta ined , R . B . C. 
4 - 4  m i l l i o n ,  H b  80'/0 Sah l i ,  P l asma b i l i rubin < 0 . 2 mg% , ur ine , 
u rob i l i n  occasiona l ly moderate ly pos i t i v e ,  a l l  o ther  ro u t i n e  
laboratory tests N . A . D .  Dose o f  d iaminodipheny l s u l phone 
increased by O . I g  daily e very seven days . T wo days af ter  

c o m mencing o . Sg dai ly t h e  m o rn i n g  ur i n e  was  strongly 
reddish brown and u ro b i l i n  could be detected by d i rect 
spect roscopic examination of a r layer .  P l asma b i l i ru bin 
was 1 .S mg% , methaemalbumin co u l d  be ident ified in t h e  
serum , the factor o f faeca l u ro b i l inogen was ten t i m e s  t h e  
norma l ,  Fouchets test for b i l e  i n  ur ine was a w e a k  posit ive , 
Sch l es in,gers test was very st rongly posi t i v e ,  t he u ri n e  c o u l d  
be d i l u ted x 40 w i t h  alcohol before t h e  F ban d  o f  urobi l in 
z inc disappeare d .  The urine contained I somg %  free s u l 
phone,  the  blood l e v e l  was nearly 3mg% . Methaemoglobin 

was never detectable i n  the  b lood . T h ree days later  a faint  
ic teric t int  was visib le  i n  the  conj u nctivae which  persisted for 
another 3 d ays . A retic u l ocytis count  a t  t h is stage was 2 7 '/0 '  

Cons t i tut ional  sym ptoms were n o t  apparen t ,  t h e  o n ly com
p l a i n t  being of a headac h e ,  severe d uring the even i n g .  O w i n g  
to a n  oversight ,  v a l ues o f  r e d  bl ood c o u n t  'tnd haemoglobin 
were not  obta i ned . Porphyrins were n o t  d etectabl e  i n  the 
ur ine and no detect a b l e  decrease o f  l iver funct ion was found 
by appl ica tion of  th"  a l cohol ic  turbid i ty test  ( " . i n f . ) .  

Reticulocyte Count.  

Owing to a technica l  diffic u l t y ,  retic u locyte counts were  found 
i mpract icable  d u ring the in i t ia l  stages o f  the work . A series of 
3 counts was made on successive d ays , us ing Osgoods technique,  
upon 6 patients  who had been standard ised for over six months 
upon the  dosage l e v e l  in q u estion of  s u l phetrone and diamino
diphenylsu lphone,  and gave the fol l o w i n g  fi gu res : 
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D i a m i nod i phenyls u l p h o n e  
S u lphetro n e  

The White Blood count .  
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N o  sign i fir rt n t  c h a n ges i n  t h e  w h i te  b lood count  or i n  the 

w h i t e  blood pict nre  have been observed i n  a ny o f  the 300 patients 
t reated with any o f  the s l i lphont 's  a d m i n istrred here . 

Methaemoglobinaemia . 

T h e  spect r u m  of methaemog l o b i n  has  never  been encountered 
i n any o f  the  pat ients u n d e l goi n g  s u l p h o n e  t reat m e n t  i n  t h is 
U n i t . 50 exa m i n at i o n s  m a d e  a t  i l l t erva ls  h ave never  been pos i t ive , 
even i n  d i a minod i phenylsu l p h one c a ses w h e re fra n k  h a e m o l ysis 
was occ urring due to h igh  dosage exper i m e n ts . 

The b l ood o f  pat ients  rece iv i n g  up to t Rg o f  s u lphetrone d a i l y  
docs not  appear to conta i n  methaemoglobin . 

Blood Dyscrasias Conclusion . 

T h e  evidence presented i n  the l atter pa rt o f  Part  I I  and i n  
t h i s  p a r t  o f  t h is art ic le  may be i n terpreted to s h o w  that  th e 
a nae m i a  o f  the  s u lphones is n o t  a p rocess o f  s impl e haemolysis . 
Defin ite evidence for a haemo lyt i c  p rocess is a v a i l ab l e  i n  the  case 
o f  d i a m inodi pheny l s u l p h o n e ,  w he n  d oses greater t h a n  300mg 
dai ly a rc used . S u l p h etro n e  however has  been a d m i n istered in 
doses up to B . og dai ly w i tho u t  d i rect ev idence o f  haemolysis 
occ urrin g .  It is  s uggested , therefore , that the anaemia  produced 
by s u lphetrone is probably m a i n l y  dyshaemopoiet ic  in n a t ur e . 
L i m ited evidence ava i l a bl e  for t h e  mechanism o f  t h e  anaemia 
prod uced by d iasone t h e rapy i n d icates that  i n  the usual  d osage 
ra nge e mployed in leprosy , h a e molysis occurs to a very s l ight  
extent . 

Effects of the Sulphones upon liver function. 

T h e  l iver is reported to be the  o rgan responsib le  for the 
det oxicat ion o f  th e su lph onami d es , t h e  major  funct ion i n v o l ved is 
the acetylat ion o f  the N. amino gro up . Liver d a mage has been 
reported upon s u l p h o n a m i d e  t herapy ( R e f .  I )  and since d i a m ino

diphenylsulphone has two amino grou ps presumably capable o f  
acetylation , i t  w a s  fel t  t h a t  t h e  study o f  t h e  action o f  the s u l phones 

l Ipon l i ver function was o f  i mportance . 
T h is st udy was c.om p l icated by the fact that  some degree of 

l iver dysfunct ion is  common among the r bos o f  Southern N igeria . 
O n l y  those sh owing no detectable degree of l iver dysfunction were 
made the subject of  this study . Liver function tests upon thosp 
already having some degree of  dysfunct ion w i l l  be reported at the 
f ' n rl of  th is sf'ct ion . 
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Procedures.  

Meth od No. 5 .  The u r i n a ry u robi l i n e xcre t i o n  was 
m e a s u red on t h ree s uccess i v e  d a ys by a m od i f' i c ation o f  the 

me th o I o f  W i l b u r  and A d d i s  (Re f . 2 ) . To s m l  o( t h e  ac i d 
u r i n e  .:;ample ( p reserved w i t h  to l u en e ) "  t h ree d ro ps o f  i o d i n e  
m itis a re added . A fter t w o  o r  t h ree m i n utes , s m l  of a 

sat u rated a l cohol i c  so l u t ion o f  z i n c  acetate  are added . F i l te r ,  
s tand t h e  fi l t rate  i n  t h e  d a rk f o r  IS m in s .  E x a m i n e  w ith a 

d i rect vis ion spect roscope for t h e  ba n d  o f  lIfob i l i n . If prese n t ,  

d i l ute  t h e  sa m p l e  w ith 60<10 a l c o h o l  u n t i l  t h e  ba n d  can n o  

longer be seen . R ecord t h e  d i l u t i on a s  a fac t o r .  T h i s  
est i m a t i o n  i s  con venien t l y  c a rr i ed by u s i n g  sta nd a rd Pyrex 
t cs t  t u bes se l f  gra d u ated a t  5 ml and T om l  in a se r i es of two 

test t ube racks . 

M el h od No . 2 .  T h e  a m o u n t  of c i rc u l ati n g  ga m m a  
globu l i n  w a s  m easured i n  arbitra ry u n i ts b y  the a l cohol  

t u rb id ity test  ( R e f .  3 ) .  T h is t est  has been shown to pro d uce res u l ts 
comparable  w i t h  t h ose of the thymol  t urbid i ty test . I n  prac t i se 

it is m u c h  m o re conven i e n t  for  a rou t i n e  ser i es of e x a m i n a t i o n s  
t h a n  M a c l a ga n s  test . 

TeJI No. 3 .  P l asma b i l i r u b i n  was esti m a ted by t h e  van 
den Bergh t est u s i n g  coba l t  s u l p h a te as a standard . 

TeJI No . 4 .  The deto x icat i n g  power o f  t h e  l iver was 
m easured by t h e  i n traven o u s  h ip p u r i c  acid test of Quick . 

TeJI No . 7 .  Palpat ion for en l a rgement o f  t h e  l iver was a 

ro u t i ne exa m i n a t ion . 

Results. 

T h ese are shown i n  tabu l a r  form in Table 3 .  

T A B L E  3 · 
T " S T  I ) ; : 1 I I I  i l l o d i  ph c l l y l ", u l ph r ln " :S u l j lh e t :-,: m e  

\l u m hel- \T u m b t:: r  a lt e l' I I  1 0  :,\l u l 1 l bc: r :\' u lT . b e r  a f t e r  (.-10 
I ' I- jor  t o  m o n t h s  con t in u o l l s  P r i o r  1 0  m on t h s  con t i n u o u s  

(see pn::ced i n g  T h e r a p y  T herapy (Ug' d a i l y  T h e r a p y  T h e r a p y  W i t ! l  5 · fig 
d e s c r i p t ion ... ) d :l i l y  

Te,t  Test  T e s t  T e s t  
7\' 0 1"111 < 1 1  A h n n r m a l  \' o r l 1 l :1 1  . \ h 1 l o n n a l  

No . I 22  22  0 37 37 0 

( Pa l  pa t ion )  
No . 2 22  20 2 29  29 0 

( T u r b i d i t y )  
N o .  3 8 8 0 g 8 0 

( B i l i rubin ) 
No , 4 g 8 0 8 8 0 

( H i p p ur i c  ac i d ) 
N o .  5 22 6 1 6  37 35 2 

( Urobi l i n ) 
Analys i s .  
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N one o f  t h e  59 p; l l i e n t s  L !pOn d i a m i n o d i p henylsu l phone or 
s u lp h e t rone t h e r a py h a d  a l lY e n l a r g e m e n t  o f  t he l i v e r  d ur i n g  t h e  
p e r i o d  s t u d ied . 

T w o  of t h e  22 pat ien ts u po n  d i a m i no d ipheny l s u lphone had a 
s ign i ficant  i n crease ( 6 u n its ,  1 0  uni ts )  i n  the  a m o u n t  o f  c i rc u lat ing 
ga m m a  g i o b u l i n . N ei t h e r  of  t h ese two patients  had c 1 in ica l iy 
pa lpable l i vers ,  t he excre t i o n  o f  h i pp u ric  ac id  was w it h i n  n o r m a l  
l i mits ,  the  a l b u m i n / gl o b u l i n  r a t i o  was w i t h i n  n o r m a l  l i m i t s ,  a n d  
t h L! p lasma b i l i r u b i n  w a s  n o r m a l .  

N o  inc rease o f  p l asma b i l i ru bi n  was fo u n d  i n  t h e  16 pat ients  
s t u d ied upon e i ther  d r u g .  

T h e  detox i c a t i n g  p o w e r  of  t h e  l iver w a s  n o t  a ffected b y  e i t her  
d r u g  i n  a ny o f  t h e  16  p a t i e n ts studied . 

Over  70% o f  t h e  pat ients upon d ia m i n o d i phenylsu lphone 
t h erapy have i ncreased excret ions o f  urobi l i n  w hereas b u t  5 %  of  
t h e  pat ients  rece l v l l l g  su lphetrone t h erapy have increased 
excret ions . W h e n  the cl i a m i nod iph enylsu lphone was w ithdrawn 
fro m five  o f  t hese s i x teen pat ients  s h o w i n g  i n c reased excreti o n ,  
the  excretion o f  urobi l i n  ret u rned to n ormal a fter  2 1  days . It is 
t h erefore suggested t h a t  t h e  u ri n a ry excret ion  o f  u robi l i n  is a 
mani festat ion  of a haemolyt ic  process i n  these cases, a n d  not  
pathogn o m i c  o f  d is t u rbed l iver  funct io n .  

Comment . 

T h e  res u l ts presented show no e v i d ence that  t h e  s u lphones 
s t udied have any effec t upon the l i ver funct ion . H istopathological 
s t u dies of the  l iver were not possib le  because o f  the absence o f  
post- mortem materia l . T h e  paucity o f  res u l ts fro m 300 patients 
is d u e  to 

1 .  T h e  n u m ber  o f  cases a l ready presen t i n g  ( pr ior  to  treat
ment)  evidence of  l iver  dys f u ncti o n  which excluded them from the  
study . 

2 .  T h e  syn d rome ( v . Part  I I ) i n d uced by rap i d  e x h i bi t ion 
of  the s u lphones w h i c h  ca uses a marked d is tur bance of l iver 
funct ion . 

The cases a l ready prese l l t i n g  evidence o f  l iver dys funct ion 
were n o t  e x c l uded fro m treatm en t .  A se lected n umber o f  these 
cases on d iam i nod iphenyls u lphonc are reported herewith . 

Cases with palpable l iver but no laboratory evidence of dysfunction. 

O f  8 cases ex h i b i t i n g  a palpable l iver pr ior  to treatment  6 
showed no laboratory evidence o f  dysfunct ion a fter  10 months 
treatment .  Two showed a n  i n c rease o f  gam m a  globul i n  but  no 
other evidence ( Tests 3 and 4) of dysfunct ion . 



Cases with palpable liver and' laboratory evidence of dysfunction . 
- E i gh t  cases e x h i b i t i n g  a pa lpable  l i ve r  a n d  a l c o h o l  t u rbid i ty  

\ 'a l u es > 4 U n i ts ,  p i l l s  u ro b i l i n  e x c re t i o n  factors  a v eragi ng I S  
showed n o  i n c rease i n  t u r bi d i ty a f te r  7-9 months  treatmeu t .  I n  

fact a definite decrease o f  abo u t  2 t u rbid i ty u n i ts was o bserved 
i n  all  cases . 

Cases without a palpable liver but with laboratory evidence of 
dysfunction .  

S i x  cases e x h i b i t i n g  a t u r b i d i t y  o f  > 5 u n i t s ,  and a n  inc reased 

urobi l i n  excre l ion a veraging 25 s l lowed t w o  increases of t u rb i d ity 
8-r o : 6-r o )  two decreases o f  t ur b i d i ty ( 1 0-3 : 7-5 ) ,  and two 
remain ing statio l l a  ry . 

Comment. 

No e vidence is  presented to show that pat ients with l iver  
dysfunction prior to therapy cannot be treated with the  su lphones. 

T reatment  ot  patients with marked lIver dysfu nction is d i fficu l t  
because o f  the  severe anaemia p ro d uced when the usual doses o f  
t h e  sulphones arc given . These patients sho u l d  not b e  given m ore 
than r oomg of d i a m i nodyphenylsulphone dai ly  and a spec ia l  check 

sho uld  be kept upon their haemoglob i n  a n d  red cel l  co u n t . 
LiveT function tests after 2t years sulphetrone therapy. 

Forty pat i ents were placed upon s u lphetrone t h e rapy in ear ly 
r947 . Twenty-six of these examined a fter 2 �  years cont i n uous 

treatment showed no evidence of d ist urbed l iver funct ion ( T ests 

1 , 2 , 5 ) . The remainder were not  examined . 

Urinary Manifestitations of Toxicity .  

Although,  a s  far as  i s  k no w n ,  t h e  k id ney is  n o t  pri m arily 
concerned with deto x i cat i n g  the  su lphonamides, yet i t  is t h is orga n 

which e l i m inates the  drug from t h e  b lood stream . Because of  
t u b u l a r  re-absorpt io n ,  prec ip i ta t ion  o f  the  s u lphonam i d es i n  t h e  
tubu l es sometimes occurs causing cryst a l l uria , hae m a t u ria a n d  
a n u ria . Whether or not  t h i s  t u b u l a r  reabsorpt ion occurs w i t h  t h e  
su lphones is u nknown . Determined experi m e n t a l ly here was the 
solubi l i ty of d i a m i nod iphenyls u lphone,  d i ason e  and su l phetrone 

i n  both acid and a lkal ine  urine . S u lphetrone is  freely so l uble,  as 

is diasone,  and precipitat ion of these d ru gs cou l d  not occ u r  physio

logical l y  in  ur i n e .  Diaminod i p h enyl s u lphone however is re latively 
i n so l u b l e  a n d  t h e  determination of  i t s  u ri n e  so l u bi l i ty is t h e re fore 

of  importance . To this end a s u ffIcient q u a n t i ty o f  urine was 

obtained , d ivided into two parts , one part was acij usted to pH6 

with dilute acet ic  acid , the other to pH8 . 0  w i t h  d i l ute ca ustic . 

To about 250m1 of each in a conica l flask was added r g  o f  diamino

diphenylsulphone and both flasks were shaken for r5-20 m i n s .  
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a t  ro o m  t e m perat u r e .  T h e  so l ut ions  w ere then fi l tered t wice 
thro u gh a f ine  W h atman ( G rade 4z ) paper,  a n d  r o m l  of  each 
sol u t ion d i l u t ed to I ooml w i t h  water .  1 m l o t  the fin a l  sol u t i o n  
was est imated f o r  s u l phone content  as d esc ribed in  Part I .  
Result: 

S o l u b i l ity of d iaminocl iphenylsulphone i n  urine a t  pH6 = 30mg% 
S o l u b i l i ty  of d i a minodiphenylsu lphone in urine at pH8 = 30mg% 

Under the cond it ions o f  the analytica l method , no difference 
in t he so l u b i l ity o f  d i a m i nodiphenyls u l phone co u l d  be detected in  
e i t h e r  a c i d  or a l k a l ine ur ine . 

T h is so l u bi l i ty is o f  the  same o rder  as t h a t  o f  s u l phamerazin e 
or s u l p h a pyridine  a t  an acid p H . U n l ike these two s u l phon a m id es 
h o wever t h (' inc rease of p H  docs not , appare n t l y ,  i n c rease t h e  
c; o l u b i l i t y .  ( A  cha nge o f  p H  f r o m  5 . 5  to  8 . 0 i n c reases the so l ub i l i ty  
o f  s u l ph a m eraz i n e  from 30- > z I o m g% i n  urine . 

T here w o u  I d  seem no p o i n t  therefore i n  the adm inistrat ion o f  
a l k a l ies t o  patients on d iaminodiphenylsulphone t herapy from the 

point of view of preventing deposition of the drug in the kidney .  

N o  work was attempted t o  d iscover w h ether t h e  admin istrat ion o f  
a l k a l ies i ncreases t h e  rate o f  excretion o f  t h e  s u l p h ones . 

Crystalluria .  

D u ri n g  trea t ment  w i t h  d i a m i n o d ip henylsu lphone concentrations 
of t h e  d r ug i n  the  u ri n e  > I oomg% in solution have been fo u nd .  
Concentrations o f  > 30mg% arc commo n .  H o wever,  i n  spite of  
the fact that  th e experimental evidence shews that dia m inodiphenyl
sulphone is o n l y  soluble to 30mg% i n  the urine no case o f  crystal 
l ur i a  h a s  been observed a m o n g  t h e  70 patients treated for periods 
u p  to 1 0  months with this drug. 

U rines conta i n i n g  approximately I oomg% were hydro lysed 
w i t h  boi l in g  d i l u te He I to d iscover if a n y  of the d i a m i n odiphenyl
suJphone was presen t i n  the form o t  a niore so l ub l e  metabol ic 
product .  No evidence of  this  was fo u n d ,  neither was any evidence 
ot acetyl a t ion obtained . 

The u rine  did n o t  give a posit ive test when tested for glyc uro n i c  
acids ; conj ugation o f  t h i s  n a t u re ,  therefore , would n o t  appear t o  
b e  t h e  sol ut ion t o  t h e  apparent ly increased sol ubi l i ty o f  d iamino
d iphenylsulphone . 

With both d iasone and su l phetrone no evidence of crysta l l uria 
has been forth com i n g  a fter  nearly fou r  years '  experience of  these 
drugs .  
Hrematuria .  

Has never been f'I1conntered d u ri n g  therapy with a n y  o f  the 
s l I l phones . 
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U robil inuria . 

T he u ri ne o f  pat ients  0n d i a m i n o d i p h e n y l s u l ph o n e  is freq uent ly  
a d a rk ye l l o w  brown . D iaso n e  a n d  s u lphetrone do n o t ,  i n  
moderate d oses , h a ve t h is efiect I lpon t h e  uri n e . T h is c o l o u r  o f  
t h e  u r i n e  is  d u e  t o  t h e  presence  o f  urobi l i n . T h is sub"tance i s  
pres u m a b l y  present because o f  t h e  h ce m olysi::, t h a t  occ u rs on 
d i a m inodipheny l s u l ph o n e  t herapy . When doses o f  > 0 . 3g 

d i a m inod iphenyls l l l p h o n e  are given t h e  c o l o ur o f  t h e  uri n e  c ha n ges,  
a fter  a l a g  per iod 01' nearly a week , to a redd ish browl l a n d  t h is 
c h a n ge is i n d i c a t i v e  of t h e  excess ive  h xm o l ysis  occurr i n g  i n  v i v o . 
T h is c o l o u r  c h ange is detectable  by t h e  pat ient  a n d  may serve as a 

l l se f u l  wa rn i n g  i [  co rrect ly i n t erpreted . 
R o u t i n e  e xa m i n a t i on o f  t h e  u r i n e  for u ro bi l in by Sch lesi n gers 

tests is  a v a l u a b l e  ro u t i n e  proced u re w h e n  d i a m i n0d iphenylsu l p h o n e  
therapy is  i n st i t u ted . A moderate d egree of  urobi l i n u r i a  is  n o t  a n  
u n u s u a l  phenomen o n , b u t  w h e n  a strongly posi t i v e  Sch l es ingers 
test is obtained a t  > 1 - 1 0  d i l u t i o n s  of u r i n e ,  a n d  a conc u rrent  fa l l  
i n  h cemogl o b i n  i s  encoun tered , a h ;:c m o l ysis  o f  some degree of  
severity may be oLcurri n g .  C a u t i o n  must  be ex ercised i n  the  
i n terpretat ion o f  stro n g l y  pos i t ive  Sch l es i nger tests : they are not 

pathognomic of hremolysis in the presence of liver dysfunction . 

A l t h o u gh a posit i v e  Sch l es i n ger test may be read w i t h  t h e  eye 
;: ! l o n e ,  c o n firmat ory evidence w i t h  a d i rect v is ion spec t roscope is 
advisable . 

Ehrl ichs test for t h e  chromogen , w h i l s t  of t h e  sa me sign i ficance 
as Sch l es ingers test , cannot be applid to the urines of patients 

receiving sulphones . An orange dye precipi ta tes when E h r l ichs  
reagen t  is added to uri n es contain ing the su lphones ( if the ur ine 
s u lphone concentrat ion is  l o w  o n ly a deep yel low colour  may be 
obtained)  beca use o f  t h e  format ion o f  a s u I  phone-ben z a l d ehyde 
compo u n d . T h is compo u n d  obscu res t h e  ch erry red c o l o u r  o f  t h e  
positive Erh l i c h  test . Pat i e n t s  on s u l ph etrone therapy occas ional ly  
excrete a brown ur ine  not c o n ta i n i n g u ro bi l i n . The significance 
o f  th is i s  not  k n own . 

Porphyrins .  

Examinat ion o f  n umerous urines has never revealed a posi t ive 
test  for coproporphyrins . T h e  u ri n e  h as a l ways been examined by 
t h e  fol lowing techniques .  

1 .  D i rect spectroscope e x a m i n a tion o f  r layer fresh urin e .  
2 .  D i rect spect roscope e x a m i n a tion o f  2 "  layer u r i n e  + HC r 

standing for 20 m i n s . 
3 .  Spectroscope examinat ion of acetic acid / ether  extract . 
4 .  Uro c h l o r  react ion . 
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J t  w a s  fe l t  t h a t  w i t h  t h e  e v i d ence a l ready a va i l a b l e  ( th a t  
d ia m i no d i ph e ny l s l i l ph o n e  i s  res p o n s i b l e  f o r  a h a: m olyt ic  process ) 

t h ere o u g h t  to be p ro d u cec l a n  i n c reased excret ion  o f  c o p ropor

phyr in  ] .  I n  sp i t e  o f  very c a r ef u l  exa m i n a t ion  n O l l e  o f  t h e  test s 

above h a v e  e v e r  s h e w n  a pos i t i ve res l l i t .  

Renal Function . 

S i x  patien ts  on d i a m i n o d i p h e n y l s u l p h one t h e rapy were s u b
m i tted to the water  ret e n t i o n  and e x c ret i o n  t est o f  V o l h a rd 

( Sy n o psis of M ed i r i ne-Le t h erby T i dy ) p r i o r  to a n d  fo u r  m o n t h s  

a ft e r  t h e  c o m m r n c e m e n t  o f  t h e rapy . 
No s i gn i f i c a n t  d i fference bet ween t h e  t wo ser ies was d emo n

stra b l e . 
N o  h is t o l o g i c a l  report s are ava i l a b l e .  
N o  c ase o f  a n u r i a  has ever been e n c o u n tered w i t h  a n y  o f  t h e  

s u l p h o n es I I s e d  i n  t h i s  l ' n i t .  

Comnlent. 

The study o f  the  t o x i c  effects of the  sui phones com menced i n  

Part n h a s  been c o n t i n ued . T h e  a m o u n t  o f  i n fo r m a t i o n  p resen ted 

o n  d iason e  is  u n fo rt u n ately meagre . The reason (or t h is i s ,  as 

stated i n  Part I of t h is seri e s .  H a v i n g  dealt w i t h  t h e  three 

sulphones , spec i a l  reference is now mad e t o d i a m i n od iphenyl

s l l i ph o n e . 

DIAMINODIPHENYLSULPHONE-A PHARMACOLOGICAL 

REPORT. 

Introduction . 

Thi rty years e lapsed between t h e  syn t h es i s  o f  d i a m inod i phenyl
s u I  phone a n d  t h e  demo nstrat i o n  o f  i t  a n t i bacter ia l  effects . A further 

ten yea rs passed w i th o u t  d i a m i n o d i ph e n y l s u l ph o n e  fi n d i n g  a p l ace 

i n  the t reat m e n t  o f  h u m a n  bacter ia l  d iseases . T h is long neglect 

has been due t o  the m a rked toxic effects w h i c h  occu r  w h e n  d i a m i no

diphenyls u l phone is  used i n  a dosage adeq u ate for the c o n t ro l  o f  
3. n  acute bacteria l i n fection . T h ese effects ,  seen in m a n , arc severe 
h cemolytic an<emi a ,  cyan osis a nd rena l d a mage . 

W he n  reports o f  the v a l u e  of diasone a n d  p ro m i n  in leprosy 
were publ ishrd an obvious q u es t i o n  was whether the sulphones 

were active per se , or whether they were degraded to d i a m i n o 

diphenyls u l p h o n e  i n  v i v o .  Two considerations strengthened t h e  

bel i e f  that  they were n o t  a c t i v e  p e r  se : 

1 .  That  both were esti m a ted by diazotisation o f  a free a m i n o  

gro u p  b y  Bratton and Marsh a l l ' s m et h o :1 . 
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2 .  That given ora lly thr.y were fa r more tox ic  than  when gi ven 
intravenous ly .  

As demonstrated ( in Part  I I )  t he amoun t  o f  d iam inodiphenyl 
su I  phone ava i l able from the da i ly  dose o f  d iasone was ca lcu lated 
and i t  was real ised that this amount was l ess than one tenth o f  the 
dai ly dose used for the  treatment of acute i n fect ions . 

Early in 1947 Dr .  Ernest Mu i r  and the author had a d iscl lss ion 
with Dr .  Wevil l  of the I mperia l  Chemica l  I nd ustr ies ( Pharma
ceu ticals D ivision) that  resulted i n  the  s u pp ly o f  Skg of  pure 
d iaminodiphenylsu lphone for experimental tr i a l  in  l eprosy . Owing  
to  factors ou tside the  author ' s  contro l ,  the  first pharmacologica l 
experiments were delayed un t i l  October 1 948 . These ex periments 
were designed to determine . 

r .  The maximum dose of d iaminod iphenylsu lphone capable 
o f  cont inuous dai ly admin istration . 

2 .  The rela tionship between dosa ge , blood and ur ine  levels . 
3 .  The nature o f  the toxic effects encountered . 

and arc reported in detai l below .  There is now evidence from this 
and other leprosy centres (Cochrane 1949 , Leprosy Review XX , 
I ,  4 ,  Molesworth Ibid 1 949 , X X ,  I ,  3 )  t hat  d iaminodiphenyl
sulphone may be used in doses > 0 . 3g da i ly orally withou t  tox i c  
effects greater than  those seen w i th  the proprietary su lphones ,  and 
with clinica l response at least equal to that prod uced by them . 

The maximum oral dosage for c.ontinuous daily administration . 

A short preliminary experiment had shewn that  d iamino
diphenylsu lphone req uired 6-8 days cont inuous administration to 
achieve a plateau blood leve l . I n  view o f th i s ,  in the following 
experiment the dai ly dose was increased at  1 4  day in tervals . 

Six patients of normal body weight and in good general health 
were placed on the following course o f  d i am inodiphenylsu l phone . 

Dai l y  Dose Tota 1 c l ose i n  gramme's  
Per ie d .  i n  gra m mps .  a t  e ' nd  o f  Pf' r iod .  

1 St and 2nd week 0 . 1 I A  
3rd and 4th week 0 . 2  4 . 2  
5 t h  a n d  6th week 0 · 3  8 A 
7th and 8th week o A  1 4 . 0  
9th and loth week 0 · 5 2r . O  

A fter e ight  w;)eks , when a to ta l  o f  1 4 A g  o f  d iam inoc l iphenyl 
su lphone had been admin i stered the presence o f  very large amounts 
o f  urobi l i n  in  the urine together with the presence o f  methcema l 
bumen in the b lood necessitated the d iscontinuance o f  the  exper i 
men t .  None o f  the pat i ents complained o f  any consti tn t iona l 



sy m p toms,  t he i r  t rea t m e n t was d)scol l t i n ued on laboratory s igns 0 1  
to x ic i ty o n l y .  T h e  fo l l o w i n g  F i g .  gi ves t h e  l a bo ra t o ry d a t a  i n  
ta b u l a r  form : 

Pa t ie n t  No .  

l .  

2 .  

3 · 
4 ·  
5 · 
6 . 

C U l l c e l l . l\ i l - l i l ; t ! I I 1 - B i l i [ll b i l l -
U A U PS X " I b u m i l l .  ;. e nl i a .  

1 3 l uod U r i l l e  
I l 1 g% m g %  

2 . 0 80 *  + 1 . 5 
1 . 8 80* 0 0 · 9  
2 . 8  70'� + 2 . 0  
2 . 8  1 1 0 '- 0 2 . 0  
3 . 0  1 30 *  + 2 . 0 

3 . 6 90 * + 2 . 0  

Lege n d :  + +  + Stro l l g l y  Pos it i v e .  
+ +  Posi l i ve .  

+ Wea k l y  Pos i t ive .  
u Not delecta b l e :  
* S i ngle sam p l e .  

U ru b i n -
u r i a .  PorIJh y r i n s .  

-1 1- + 0 
+ + +  0 

+ + + - 0 

+ + + 0 

+ + +  0 

+ + + 0 

Fouchets  test for bil i r u b i n ur ia  was not posi t i v e  I II any o f  t h e  

urines exa m i ned . 

N o  methCI: moglobin was detectable by d irect spec troscope 
exa m i n a t i o n  of: fresh b l ood . 

T h e  van den Bergh reaction of a l l  sera was an ind i rect 
posi t ive . 

T h e  u rines were a l l  highly co l o ur ed-a deep red-brown-b u t  

no r e d  cel ls  were observed u p o n  m icroscopic examination of t h e  
d eposit a n d  t h e  benzidine reaction w a s  negative in a l l  cases . 

T h ese resu l ts were interpreted as the commencement o f  a 

m a rked h ce m o lyt ic  process , and it was felt t h at a d a i ly ora l  dose 

of 0 · 5g represen ted t h e  minim u m  toxic dose . 0 .3g daily was 
adop t e d  as the thera p e u t ic max i m u m  dose, and c h ro n i c  tox i c i ty 

s t u dies reported in these articles have shewn that  this dose can be 

contin u o u s ly adm inistered w i t h o u t  i l l  efftcts . 
Rap id e x h ibit ion o f  t h e  drug is strongly contra indicated : 

h i gher  blood l e v e l s  than usua l are produced and toxic manifesta

t ions inclu d i n g  methce malbum ince m i a  with frank ja undice are see n .  
When the d ru g  i s  exh i bited s lowly t hese effects do n o t  occ u r .  A 
suggested administration is 0 . 1 g  daily rising by O . lg every 1 4 days 
to a max i m u m  of 0 . 3  daily for a d u lts . Results obtained w i t h  t h i s  

dosage regimen have a l ready bee n  reported as part o f  t h i s  s t u d y .  

Conclusion . 

Part I of this  series was concerned with the asp�cts of absorp
tion and persistence of the s ulphones, and the res ults presented 
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shew t h a t  f ro m  t h is aspec t  t b e  n o n - p ropriet ary diam i n od i p heny l 

su lphone possessed a d v a ntage:> ove r t h e  p,r o priet ary s u lp h ones . 

Part I I  d esc r ibed work performed to est i m ate t he degree o f  

brea k d o w n  o f  d iasone a n d  s u lphetrone a n d  shewed that  d ia mino

d iphenyls u l p h o n e  may be recovered from the ur ine  o f  patients 

o n  d iason e  and s u l phetro n e  t h erapy . 
S t u d ies o f  t h e  a n x m i a  prod ucing mechanism o f  the s u l p h ones 

shewed that the  an,em i a  was the res u l t  of  both dyshcemopoiesis and 
h ce m o lysis when t h e  prop r i e t a ry s u l p h o nes were ad m i n istered and 

that  hcemo lysis was the m i n or cause . The a n <. e m i a  ca used by 

d i a m i nodiphenyls u l p h o n e  bei ng n o  more severe t h a n  w i t h  the pro

prietary su lphones t h e  at tempt was made to d iscover w h e t h e r  

d i a m ,inodiph enylsu lp h o n e  had a n y  spec i f i c  t o x i c  act ion t h a t  p ro
h i b i ted i t s  use for cont i n u o u s  t h erapy . 

Stud ies o f  b l ood dyscrasias,  l i ver f u n c t io n ,  rena l I u n c t i o n  and 

ur inary abnorm a l i ties shewed t h a t  d i a m i nodiphenyls u l phone 
possessed no intrinsic chronic  tox i c  potentia l i t ies when a dose of  
0 .3g daily was n o t  exceeded . 

T h e  a u t hor  is unable  to ascertain exact ly what  is a t h e rape u tic 

b lood level  o f  the su lphones ,  but refers to work w h i c h , if substan 

tiated , w i l l  prove of  great i mportance , n a m e ly t h a t  c l i n ic a l  i mprove

ment  fo l lows doses of d i a m inodipheny l s u l p hone of such an order 
that  b l oo d  levels arc not detectab l e .  

Further research i n t o  t h e  therapeu tica l ly opt i m u m  dose o f  
d i a m inodiphenylsulphone is obvio usly necessary . T h e  author 

suggests that  the approach to this  q uestion m ust not  be t h e  same 

as that  of the chemotherapy of an acute bacterial disease . I n  this 

latter case , i t  h as been shewn that the maxi m u m  a m o u n t  o f  t h e  
chemotherape u tic agent m us t  be administered as q uickly as poss i b l e  

( i . e . ,  h igh i n i t i a l  b l o o d  levels  m u s t  be obtained ) f o r  e ffec t ive  treat
ment . Molesworth ( Lep , Rev.  1 949 X X ,  I ,  3 )  adopts t h i s  
a p p roach i n  t h e  t r e a t m e n t  of  leprosy . 

Fina l ly,  a brief pharmacologica l  report is g iven o f  d i a m i n o
diphenylsu l p h o n e  shewing that t h e  major toxic  effect is t h a t  o f  
h cemolysis . T h is ha�molysis w a s  to some e x t e n t  anticipated b y  

the presence o f  increasi n g  amounts of  urobi l i n  i n  the u r i n e . 

Summary. 

Diaminodiphenylsu l phone ( in ora l  doses not exceeding 0 . 3g 

daily) is suggested as a therapeu t ic agent for the  treatment  of  

leprosy for t h e  fo l lowing reasons : 

! .  i t  i s  extremely wel l a bsorbed , 

I I .  i t  i s  s lowly excreted . 
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J l I . i n  t h e  dosage s u ggested i t  is n o  m o r e  t o x ic t h a n  t h e  
propriet a ry s u l p h ones . 

l V .  t h e  cost of t herapy w ith d i a m i n o d i p h e n y l s u l p h o n e  is l ess 
t h a n  1 /  l ot h  o f  t h a t  with the p ro prietary s u lphones .  

I n  cases o f  known k idney dysfunction the oral  dose o f  d iamino
diphenyls u lphone should n o t  exceed O . l g  d a i l y .  

The oral  administration of  s u l phctro n e  s h o u l d  b e  replaced 
by parenteral  administratio n ,  o w i n g  to t h e  poor absorption of th is  
d r u g .  A s u ggested dosa-ge ( v .  Part  I I )  i s  5 . og weekl y  given i n  
two TOm l  i n j ect ions o f  a 25 % aqueous sol u t i o n . 

S u l ph etrone wou l d  seem to be a c o m plete ly non-tox i c  sub
stance , i f  i ts a n cc m i a  pro d u c i n g  effect is e x cepted,  i n  t h e  d osage 
reco m m e n d ed for l eprosy t h erapy . 

T h e  a n cc m i a  prod uced w h e n  t h e  proprietary s ulphones a re 
ad m i n istered parentera l l y  is m uch l ess t h a n  that  p ro d uced when 
ora l  a d m i n istrat ion i s  used . 

T h e  s u lph ones cannot  be shown to have any e ffec t  upon 
t h e  l iver function . 

The s u l p h o n es c a n n o t  be shown to h a v e  any e ffect upon t h e  
renal  funct ion . 

No effect u pon t h e  w h ite blood c o u n t  or p i c t u re can be 
demonstrated . 

I t  is s uggested t h at the est imat ion o f  blood levels o f  t h e  s u l 
phones as a means o f  adj u s t i n g  d osage is an unneecssar� ' 
procedure . 

Further c l i n ic a l  study of the effect of var ious d osa ge regimens  
of  the s u l phones is  strongly a dvocated . 
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