
LEPROSY 

REVIEW 
Tbe Quarterly PubUcatioD of 

THE BRlTISH EMPIRE LEPROSY RELlEF ASSOCIATION. 

VOLt XX. No. 4. OCTOBBR, 1949. 

Principal Contents: 

Two Simultaneous Cases of 
Leprosy Developing in 

Tattoos 

Effect of Sunlight on the 
Staining Properties of the 

Leprosy Baccillus 

Elicitation and Interpretation 
of Tactile Anaesthesia 

Sulphetrone: Therapeutics 
and Toxicology 

A Pharmacological Study of 
Three Sulphones 

Reviews 

167 VICTORIA STREET LONDON S.W.l! 

Prlce: Two Shlllings . atad 'Slxpence 

Annual Subscrlptlon: Ten Shllll"gs 



LEPROSY REVIEW. 

VOL. xx, NO. 4. OCTOBER, 1949. 

CONTENTS. 
PAGE 

Edi torial 10:> 

Two Simultaneous Cases of Lep rosy Developing in Tattoos . -Reprint 

R .  J. PORRITT and R.  E. OLS EN 106 

Effect of Sunlig ht on the:Staining Properties of the Leprosy Bacillus. 

DHARMENDRA and MUKERJEE III 

Elicitation and Interpretation of Tactile Anaesthesia G. A. RYRIE 1 1 4 

Sulphetrone :  Therapeutics and Toxicology. -Reprint. G. B ROWNLEE 118 

A Pharmacological Study of Three Sulphones. Part II. M. SMITH 128 

Reviews 1 3 7 

Edited by Dr. GORDON A. RYRIE, Med ical Secretary of the British Empire 

Leprosy Rel ief Association, 1 67 Victoria Street, London, S .W.I, to whom all 

communi cations s hould be sent.  The Association does not accept responsibility 

for views expressed by the writers. 

----

NOTES ON CONTRIBUTORS 

DR. DHARMENDRA is i n  charge of the Leprosy Research Department at the 

School of Tropical Med icine, Calcutta. 

DR. MUKERJEE i s  a research worker at the School of Tropical Medicine, 

Calcutta. 

DR. G. A. RYRIE is Medical Secretary of The British Empire Leprosy Relief 

Association . 

MICHAEL SMITH, B.Se. has unt i l  recently been the biochemist. at the B . E . L. R . A .  

Research U n i t  at Uzuakoli, S . E .  Nigeria .  



� �� � � � �� � �� � ]� � � �� � 
oce�?-id 

�� �� � � 
� 

Infected Areas _ 
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for the treatment of leprosy. Reports stress that it 

produces clinical and bacteriological improvements 

with comparative absence of toxic effects. Its 

principal indication is lepromatous leprosy, but it 

may be used in any form of the disease. Ample 

supplies are available. 

'I 
1\1 
il 

� Tetr.sodium 4: 4' -bis-(y-phenylpropyl.rnino)-diphenylsulphone-n: y: n' : y'-tetr.sulphonate 

(� BUR R 0 UGH S WE L LeO �I E & Co. (1'1,.. IV""·",,,.. /.'",,,,,,,.';,,,, Ud.' LON DUN 
ASSOCIATED HOUSES: NEW YORK MONTREAL SYDNEY CAPE TOWN BOMBAY SHANGHAI BUENOS Alkl!S CAIRO 



I':()ITUI� 1,\1. 

EDITORIAL 

]n this issue we republish an article from Vol . 16, No.  4 

( Oct . -Dec . 1 948) of the International jotlmal of Leprosy giving an 
account of two American Marines who apparently developed tuber
culoid lesions on the site of tattooing on the forearm which was 
done in Sydney, Australia . These two cases are cited as evidence 
that leprosy can be spread by direct inoculation , and it  is inevitable 
that they will be quoted in future textbooks as clinical evidence 
of one method of leprosy transmission . 

How far does this claim and other accounts of lepro'sy due 
to direct inoculation stand up to intelligent scrutiny? The answer 

is that in no recorded case is there direct and infallible evidence of 
infection by inoculation . 

Tht! evidence is admirably summed up in Rogers and Muir , 

Leprosy (1946). The cases divide themselves into three categories; 
I1rstly, those which invite open disbelief; secondly , those whose 
lesions manifest themselves on a site of previous injury and , 
thirdly, where the evidence cannot be regarded as scientifically 
val id .  

1. Cases which invite open disbelief. Rogers & Muir report 
the following cases: "a man who abraded his shoulder when carry
ing the coffin of a recently deceased ulcerated leper woman, liquid 
matter from which contaminated the wound and was not washed 
off until his return home . Some months after he felt unwell and 
developed leprosy of which he subsequently died . " . . . . " a 

European child in Borneo became infected after thrusting a thorn 
into himself immediately after a leper boy had thrust it i ,nto him
self " . . . .  " a boy of six years had a negro leper playmate aged 
eight years . The latter introduced needles into nodules on h is 
arms and legs, and h is masler, the younger boy , took the same 
needles directly out of  the negro boy and forced them into his 
own flesh , with the result that soon after he began to get febrile 

attacks and pains in his l imbs and one year later he was covered 
with a typical nodular leprotic eruption . "  . . . . " a  medical 
student who cut the tip of his left index finger and aoraded his 
right hand at a post mortem on an advanced leper . This was 
fol lowed in a few days by nodular thickening . " ( The italics are 
mine-Ed. )  



The first and fourth' :;lories are so fantastic that comment is 

unnecessa ry . In the cases of the two children we must ask what 
possible reliance can be placed on the evidence o f  minors who are 
obviously abnorma l , or of their parents who are so criminally 

ne,gligent about their children's playmates. 

2. CelJeJ wbere tbe HiellliJic eliidence is IIUI Jltilicunl'/Y Vel/ill. 

Rogers & Muir quote the follow ing case:-" strong evidence o f  
the in fection o f  the human subject by inoculation of leprosy

bacillus-containing material from another case has been brought 

forward by Lagoudaky ( 1936 and 1937) who has reported typical 

development of the disease in himself after inoculation into his own 
veins on three occasions of the blood of two Greek and one 
Egyptian leper respectively ; the first small lepromata appeared 
after forty days ." 

There are two important points in connection with this case . 
One is that Dr .  Lagoudaky worked for many years as a leprosy 
officer prior to this experiment . He may therefore have been 
infected at any point before the alleged inoculation . The second 
is that the writer examined Dr . Lagoudaky closely in the Spring 
of 1938 and came to the definite conclusion that the duration of 
his disease was very much longer than that suggested by the dates 
of his self inoculation . It must be laid down as an essential fact 
that no worker in contact with cases of leprosy is a suitable subject 
for experimental purposes . 

Rogers & Muir, on page 86 have very properly stressed 
the fact that inoculations, particularly for vaccination , may cause 
an acute flare up , or lepra reaction , in cases where the previous 
signs of the disease have been cryptic . This and similar phenomena 
have undoubtedly accounted for a large number of recorded cases 
where leprosy has apparently broken out as a result of inoculation . 
Let us see then to what extent the evidence of these two marines 
is, as is stated, " strong evidence for the spread of infection by 
inoculation . ' 

, 

I. Both men were resident o f  the same town in civil life . 
No evidence is quoted as to whether this town was in an endemic 
area of leprosy . If it were the evidence is thereby qualified . 

2. No evidence is given as to whether friends or  relatives of 
these two

' 
patients had ever suffered from leprosy . Again the 

evidence cannot be judged without this information . 

3· As the article points out,  tat tooing causes considerable 
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trauma. In leprosy the area of previous trauma IS frequently 

the 11rst manifestation of systemic leprosy . We require evidence 

that these men were not previously infected with leprosy . I n  any 

case , whatever the source of infection , the first visible source of 

manifestation would normally be in the traumatic area . 

4 .  Leprosy in connection with tattoo marks is not an un
known phenomenon . The writer has seen a number of cases where 
tattooing has been done over a previously depigmented area in 

order to hide the disfigurement . I f  this applied to either of these 
cases , the marked coincidence of their both developing leprosy 
is thereby considerably reduced . 

I t  will be noted that other cases quoted in the literature are of 
extremely doubtful significance . There is the often quoted case 
of the barber who developed leprosy of the forearm through 
stropping his razor on it after shaving a lepromatous case . It is 
obvious (a ) that the evidence of such a man cannot be accepted 
and ( b )  that our whole knowledge of leprosy indicates that the 
first systemic lesion in this case appeared on an area of chronic 
trauma . 

In 1935 the writer was enabled to examme a case of leprosy 
m Sydney, Austral ia . The story was as follows:-the victim had 
been bitten by a crocodile on the left arm and left leg in an effort 
to save a child. Two years afterwards inflamed areas appeared 
round the tooth bites, and these were positive for lepra bacilli . 
Now, in harmony with the ideas of inoculation, it could be claimed 
that the croeodle had suffered from leprotic pyorrhoea , and it  must 
be left to the reader to judge whether this would be likely or not . 
Whatever the final judgment the case of these two Marines is a 
remarkable coincidence . They are cases which deserve much more 
thorollgh, a ncl much more careful investigation . 
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T\VO SIlVIUL TANEOUS CASES OF LEPROSY 
DEVELOPING IN TATTOO� I 

Ross J. PORRITT, M.D. 

AND RICHARD E. OLSEN, M.D. 

SI. JOJepb's Merc)' HOJpil,,1 
POII/i({c, Mic!Ji /!.(111 

(Rl'p:j��ed frcm IlIiI. JI. 0/ LeIJloJ)" 16, No. 4.) 

There is still uncertainty concerning the transmission of 
leprosy, though it is one of  the oldest known diseases . Close and 
prolonged association with leprous persons has always been 
recognized as dangerous, yet minimal precautions seem adequate 
to prevent infection . Various theories of transmission have 
enjoyed popularity, including those of fish as intermediate hosts 
and insects as vectors ,  infection by sexual intercourse and by 
wearing contaminated clothing, and inoculation by person to 
person vaccination ; also that leprosy is acquired through the 
nasal mucous membrane . 

During the past century it has been a debated question 
whether or not infection can be induced by inoculation into the 
skin . Klingmiiller (I) reviewed well the evidence for and against 
experimental inoculation . J eanselme (2) cited the negative ex
perments o f  Danielssen and Boeck (3) , Profeta (4 )  and Mouritz 
( 5 ) , and concluded that there was no adequate proof of trans
mission by inoculation . Rogers and Muir (6) accepted trans
mi£sion by inoculation . They questioned the case of Keanu who 
was inoculated by Arning (7) and subsequently developed leprosy , 
but accepted as valid among others that of Marchoux (8) who , 
while operating on a leprosy patient: pricked the finge; of his 
assi:tant who developed leprosy after several years . De Langen 
(9) reported an accidental inoculation by a physician using for a 
hypodermic injection a syringe whch had been used on a person 
with leprosy . Lagoudaky (10 ) was repeatedly injected with blood 
and developed cutaneous lesions . 

Negative results are difficult to evaluate because of the long 

1 The original  article was published in the American /01l1'11({1 of 
Pal/;:;/og), 23 ( 19�7) 805-817, which periodical by established policy does 
not permit  identical reprintine;. Republication in modified form was not 
agreed to by the authors on the gr.ound that it m ight cause confusion in 
the literature . The report being regarded as of too much importance 
to be dismissed with an ordinary abstract this extended one, made with 
more l iberties in arrangement than in ph raseology , is run in this way .  
Th€' platf's "r(' fmm the original cuts, loanNI for the purpose.-EpITOI\, 
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incubation period and the possibi l ity of subcl inical or dormant 
infections . Different persons , age groups , races and the sexes vary 
widely in susceptibi l ity . Since leprosy tends to localize in scars 
and tattoos and to be ac ti vated by trauma, it is difficult to prove 
that an infection following inoculation actual

'
ly resulted from it . 

REPORT OF CASES 

The remarkable coincidences which occurred m the two cases 
here presented offer very strong evidence favoring transmission 
by inoculation . The men, friends and residents of the same town 

in civilian life, were in the same unit of the U.  S. Marine Corps; 
they were tattooed together in Melbourne, Australia by the same 
man on the same day in June 1943 , they and the tattooer being 
inebriated ; and they developed maculo-anesthetic leprosy in the 
tattoos about 2�- years later . A third man tattooed at the same 
place , but at a different time, shows no evidence of leprosy . 

Case I.-A white male, 2-/ years old , with nothing significant in the -
family or personal history except for malaria in 1942 and some weakness 
of the left arm ascribed to accidental chipping of the left scapu la in J9'15, 
complained c h ie f l y  of increased pigmentation and numbness of a tattooed 
area on the cxtensor surface of the lower left forearm. Nothing untoward 
had taken p lace after the tattoo ing in 19.13 unti l March or April 1"946, 
when the area and a zone about 1.5 em. wide around it w e re noticed to 
have hecomc pale red and to be insens i tive to light to uch a n d  pain. II 
delihe rate burn wi th a l ig h ted ci garette ca used no sensation. 

On physica l examination, the distal one of th e two tattoos on the 
extensor s u r face on the left forearm ( i.e. the one made in M e lbourne) 
p resented a uniform, pale, fawn-coloured appearance over its entire tattooed 
area and a narrow zone around it. In tnis discoloured area, the total 
diameter of which was 9 em., there was loss of sensation to pai n and l i gh t 
touch . The other tattoo showed no e v i dence of disease. A s light c on
gestion of the usual mucous membrane was noted, and a nontender slI'ell
ing, about 0.5 x 4 cm., on the lateral surface of the juncture of the m i ddle 
a nd lower thirds of the left upper arm. The axil lary and inguin al l y mph 
nodes were small , and there was no palpable evidence of lesion of the 
nerve trunks . 

Routine laboratory ('xamination 
counts, and uri na lysis) ga ve IlUrlllal 
negativ(;. 

(hemoglobin, r(,d and w h ite C('II 
rl'�111ts. The .l(ailll reaction was 

A biopsy specimen was removed (November 2 ,  1946) from 
the pigmented area outside the tattoo, without anesthetic and 
with no discomfort to the pati&nt .  Section showed tuberculoid 
tissue reaction, and occasional acid-fast bacilli were found 
averaging about four per section . Smears from the nasal mucosa 
were negative . Intradermal injection of  0.1 cc . of  O . T .  ( 1 : 10 ,000) 

caused a positive reaction . In view of the history of  microscopic 
findings , a provisional diagnosis of cutaneous tuberculoid leprosy 

was made . This first case was informally described to Dr .  Claude 
Behn, of Detroit ,  who without seeing the patient made the original 
suggestion of leprosy as a probable diagnosis . 
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(,,/.Ie 2.-/\ III,itl' II I< Ill" , 25 Y"'JrS old, willi'llulliillg perlilll"lIl ill, liis 
liisto r y l!xcl'pl for 11I,t1,,,'ia in 11).12 '''ld occasional Illalarial cliills since lhen, 
cOlIll'lain c<l cliidiy of nllml>lH:ss alld pigllwnlatioll of the taUlllll'd arca lln 
till' IIl"xor sllrfacl: of Lile left forearlll, 1I",,1t: in 1l).JJ. Aboul.l""l1ary 11)·1(' 
Ill' noticcd Lila\. that area and " zone al)ollt 1.5 Clll. wid" about it was 
bl'coming dllsky n'd and llLlmi-J; since when the color had gradll,lIly 
darken('d. TII'o Ill'W areas had appeared OJ1 the ('xtensor surfan : of the 
IIppe.· Jelt arlll 7.5 cm. alto \ ' e tlie (,lboII', and had Itecorne conilll('nt; they 
w('r" d"rl< vioia cl'ous ill color ano numb, with no ('Ievation of Lill' surfacl". 

On physical ex,,,nination th(' si,in of tite entire: t"ttuoeo arc" and a zone 
1.5 cm. wide "I,out it sholVcd a viol"ceous discolouration with Iliss of 

sc'nsation of pain ano light touch. Tlie two coalescent lesions altove the 
('11)011' made an hOllr-glass shaped are;. about 2.5 by -1 cm. lVith the same 
color and loss of sensation as the tattooed area. There lVas no palpable 
abnormality of the ncrv.l) trunk. In the leIt lumltar region at tlie waistline 
tliere was found a violaceous, Ilat lesion, 1 cm. in diameter, which liad 
normal sensation and lVas not definitely related to the present illness. 
"l he axillary and inguinal lymph nodes were normal in size. 

Houline laltoralory examinatiuns gave normal findings, includiug a 
nega live- .I{ahn rC;lction. 

A biopsy specimen, removed (November II, 1946) from the 
pigmented area outside the tattoo, without an anesthetic ,  was 
divided into two parts . One part was sent in saline solution to 
the Michigan Departmen t of Health, which reported no acid
fast bacilli found in direct smears or in culture , and no evidence 
of tuberculosis after seven weeks in two guinea-pigs inoculated 
with the tissue .  Sections of the other part presented the same 
microscopic appearance as in Case 1. Acid-fast bacil l i  were also 

demonstrated ,  but they were fewer, averaging only about one 
per .section. Nasal smears were negative . The result of an 
intradermal inoculation with 0 . 1  cc, of O .T .  (1 :10,000) was 
negative .  The tentative diagnosis was cutaneous tuberculoid 
leprosy , 

DISCUSSION 

Clinically , (he lesions in these two cases could well be tuber
cu lous . Microscopically, the presence o f  epithel�oid tubercles with 
Langhans' giant cells , lymphocytic and plasma cell infiltration and 
occasional acid-fast bacilli is as characteristic of  tubercu losis as of 
leprosy . The history ,  however ,  i s  more suggestive of the latter . 
The loss of sensation to pain and light touch , the negative 
tuberculin test, cultures and :guinea-pig inoculation in Case 2, the 
presence of  vacuolated cells , and the positive diagnosis by the 
U. S. Marine Hospital at Carvi lle

'
3 established these cases as 

maculo-anesthetic or  tuberculoid leprosy, 
The l ong incubation period suggests resistance to the disease . 

The extensive traumatization o f  the skin incident to tattooing 
might favor its development .  As noted by other observers , cinnabar 
(red mercuric sulphide ) in the tattoos, which discourages 
spirochetal activity in syphilis of the skin , has no apparent effect 
on the bacillus of leprosy . 
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A single' c les::ript ion slIi1ices for both biopsy specimens. Each 

was taken from ncar the cdge of thc pigmcnted lcsion, outside thc 

tattoo. Thc microscopic picture so closely resembled tuberculosis 

of the skin as to be almost . if not quite, indistinguishable . The 

characteristic l esion consisted of a center of epithelioid cel ls with 

a rim of  lymphocytes, a few plasma cel ls, 'and even fewer poly
morphonuclear leucocytes, with occasional eosinophiles .  These 

nodules were largely avascular. Many of them suggested Boeck ' s  

sarcoid, but occasional large ones showed an  apprcciabl� degree 

of caseous necrosis .  Thc Langhans '  giant cells were o f  all sizes, 

and in appearance and d istribution they did not differ from tho�� 
of tuberculosis; they occurred both in the epithclioid foci and 
scattered through the areas of lymphocytic infiltration . 

FIG. 1 .  CAS E  1. The distal tattoo ,  made in Melbourne,  is the only one with pigmentation 
and anesthesia . The pigmentation is so l ight that it does not appear in the photograph . 
The dark spot by the star indicates the site where tissue was excised for biopsy . 

FIG. 2. CAS E  2. Tattoo on the left forearm showing the extent of the p igmentation . The 
skin suture is still present where tissue was taken for biopsy . 

FIG. 3. CASE 3. Secondary lesions on the extensor surface of the left upper ann. 
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These tuberculoid foci were present throughout the specimen, 
in both corium and subcutaneous fat , the process apparently 
extending beyond the depth of the excised tissue .  The largest 
were in the deep layer of the corium, with smaller ones and 
extensive lymphocytic infiltration in the superficial layer . The 

foci in the subcutis 'were more discrete than those nearer the 
epithelial surface, and were smaller than those in the deep corium . 
There were no characteristic leprous foam cells, but there were 
occasional suggestive vacuolated cells . 

The epidermis was irregularly atrophic , and there was 
flattening and partial loss of the dermal papillae , with lympho
cytic invasion of the basal and prickle cell layers in some places . 
The hair foll icles showed lymphocyte infiltration ,  the picture 
entirely compatible with the loss of hair characteristic of lepromas . 
There was a granulomatous involvement of the sweat glands ,  some 
of which had almost completely disappeared . The cutaneous 
nerves were involved,  but not more so than other structures ;  there 
was no particular evidence of extension by way of the nerves . 
There was considerable involvement of the small vessels ,  but they 
did not show the swelling and proliferation of the endothelium 
found in syphilis . 

After Ziehl-Neelsen staining of the sections, occasional acid
fast bacilli were found in the first case and rare ones in the second . 
They were found most often in or about the largest foci in the 
deep corium. Usually they occurred in pairs , or two single 
organisms in one oil-immersion field .

. 
They showed no significant 

variation from tubercle bacilli in either morphologic or staining 
characteristics . 

C. Unstained section from both cases were submitted to the U.S. Public 
Health Service, and. the Carville, Louisiana, leprosarium reported 
unequivocally " typical tuberculoid leprosy," though acid-fast bacilli were 
not demonstrated.) 

SUMMARY 

Two men from the same community, while serving in the 
U. S. Marine Corps, were tattooed by the same man on the same 
day in June 1943, in Melbourne,  Australia . They both developed 
maculo-anesthetic or tuberculoid leprosy in thfir tattoos during 
the first half of 1946. One man had multiple tattoos but 
developed leprosy only in the one made in Melbourne the day 
when his

' 
friend was tattooed . A third Marine, tattooed at the 

, same place but not on the same day, has shown no evidencel of 
leprosy . These two cases provide strong evidence for the spread 

of leprosy by inoculation. 
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EFFECT OF SUNLIGH'r 

ON THE STAINING PROPERTIES OF THE 

LEPROSY BACILLUS 

By DHARMENDRA and MUKERJEE 

INTRODUCTION_ 
At the suggestion of Dr. l�yrie, Medical Secrdary of th"! 

British Empire Leprosy Relief Association , we investigated the 
effect of sunlight on the staining properties of the leprosy bacillus . 
In view of his iiwestigations on the subject he suggested th'lt 
unstained smears containing the bacilli be exposed to sunlight for 
varying periods up to 30 minutes , and then stained by Zieh l
Neelsen ' s method to see if the exposure made any difference to 
the property of acid-fastness of the bacilli_ No difference was 
however noted after exposure for 30 minutes, but on extending 
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the period of exposure some interesting observations were made , 
wh ich form the subject of this preliminary note . 

EFFECT OF SUNLl(;HT. 
A number o f  smears were made from a suspensioll prepare ,j 

from leprous tissue and rich in the leprosy bacilli . Some of the 
smears were stored in the dark to serve as controls , while the 
others were exposed to bright sunlight for periods varying from 
I to 12 hours . The unexposed and the exposed smears were then 
stained with the _ Ziehl-Neelsen method and examined . The 
11l1exposed smears showed large number of bacilli stained red in 
every field. No appreciable difference was observed in the acid, 
fastness of the bacil l i in the smears exposed for less than six hours . 
However, in the smears exposed for six hours the number of 
bacilli stained red ,  was considerably lower, and with further 
exposure this number gradual ly became less and less, till at the 
end of  eighteen hours there were hardly any acid-fasts left . 

The experiment was repeated with fresh batches of smears 
made from suspensions. prepared from several other patients . 
Similar results were seen, but it was noted that if the suspensio:l 
contained excess o f  tissue matter, the bacilli lying within this 
tissue matter were protected from the effect of  sunlight, and still 
stained red even at the end of 18 hours. 

EFFECT OF COVERING SMEARS BEFORE EXPOSURE. 

The question was then investigated as to the particular rays 
in the sunlight which were responsible for the above noted effect . 
Smears prepared from a suspension of leprous material wer'; 
divided into two lots ; those in one lot were wrapped in pieces ot 
black paper, and the other lot was left uncovered.  Both the 
covered and the uncovered smears were exposed tu sunlight for 
varying periods from 6 to 18  hours. They were then stained with 
Ziehl-N eelsen and examined for the acid-fastness of the bacilli . 
In the covered smears the bacilli remained acid-fast even after rH 
hours exposure ; in the other series , however, there was a gradual 
decrease in the number of bacilli stained red , and in the smears 
exposed for 18 hours there were hardly any acid-fast bacilli to be 
found . Similar findings were made on repeating the experiment . 

It was therefore concluded that it was not the heat rays but 
the actinic rays at the ultra-violet end of the spectrum that were 
responsible for the effect noted above.  

EFFECT OF ULTRA-VIOLET AND INFRA-RED RAYS. 

Smears made from suspensions of leprous materials were then 
exposed to ultra-v iolet and infra-red rays, for varying periods and 
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then stained wi th the Z i eh l - N ee l sen ' s  method . The smears wert 

placed at  a distance of 1 2 "  from the u l tra-v iolet and infra-red 

lamps , and the rise in temperature at the end of exposure was t o  
33 °C and 68 °C respect ive ly . I t  was found th a t  in t h e  smea :'s 
exposed to ultra-violet there was a gradua l  reauction in the number 

o f  bac i lli stained red , t i l l thcre were hardly any left after 1 2  
hours ' exposure . The exposure to  infra-red , however, d id  n o t  

make any difference to t h e  acid-fastness o f  t h e  baci l l i . 

THE RAT L E P R O S Y  BACI L L I  AND THE E F F E CT O F  L I G H T .  

The above exper iments were repeated wi th  smears made from 

suspensions of rat leprosy material obtained from white rats in  
an advanced stage of experimenta l rat l eprosy . I t  was found 

that  th e property of  acid- fastness of  these bac i l li was not affecte(\ 
by ei ther  sunl ight  or u l tra -vi o l et a n d  i n fra-red rays . 

D I SCU S S I ON. 

The above observations have a bearing on certa in  important 
matters such as the staining of smears taken from l eprosy pat ients 
d uring fi e ld investigations,  th e poss ib le therapeut ic value of ultra

violet  l igh t in leprosy, and t h e  difference between the orga nisms 

o f  h u man leprosy and rat leprosy . 

I n  the course of fie ld work in leprosy , it is often necessary 
to send the skin smears for stain ing and examination to a labora

tory at some distance . If the unstained smears are left lying 

about exposed to sunlight ,  either in the field or in the laboratory , 

it may resul t  in pos iti ve smears being reported on as negat ive ,  
especially in the case of smears w i th small number of bacill i .  How

ever , if the smears are carefu l ly stored, preferably after being 

wrapped in paper ,  they can be later stained and exam ined in the 

laboratory without vit iat ing the resu lts . 

Regarding the poss ib i l i ty of the  use of ultra-vio let  rays in the 

treatment o f  leprosy , i t  can no doubt be said that previous tr i a ls 
in this connection have not given encouraging results . But i n  view 
of the action of  the ultra-violet  rays on the leprosy baci l lus in 
smears , the matter appears to deserve further investigat ion . I t  
may b e  that becansE' o f  the baci lli being deeper in  the sk in ,  o r  

because of some other reason the ultra-violet rays have n o  effect 
on the leprosy baci l lus in the body o f  the pat ient . 

The difference in their susceptibility to sunl ight is yet another 
evidence in support o f  the view that the organisms of  leprosy 
and rat leprosy are two separate organisms . As a matter of fact 
there is no point in naming the disease in rats as rat leprosy and 
its causative organ ism as rat leprosy baci l l us .  
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SUM MARY. 

r. Exposure to s unlight of unstained smears conta in ing l eprosy 
bac i l l i  in terferes w i t h  t h e  property o f  a c i d - fastn ess of t h ese 
bac i l l i .  

2 .  If  the smears are covered with black paper before being ex
posed to sunlight ,  the staining property of  the bacil l i  remains 
unchanged . 

3 .  Exposure t o  ultra-violet rays has the same effect as exposure 
of uncovered smears to sun l ight , while exposure to infra-red 
does not affect the sta in ing properties of the bacillus . 

4 . Exposure o f  the rat leprosy bac i l l us to sunlight,  u ltra-violet, 

or  in fra-red rays , does not affect its staining properties . 

5 .  The above observations have a bearing o n  certain important 
matters, such as the sta in ing of smears taken from leprosy 
patients d uring field investigat ions , the possible therapeutic 

value of ultra-violet light in leprosy , and the difference be
tween the organ isms of human leprosy and rat l eprosy . 

E L I C I TA T I O N  A N D  I N T E R PR ETA T I O N O F  

TAC T I L E  ANA ESTH ESIA.  

G. A .  RYR IE.  

I t  is a common belief that the elicitat ion and interpretation of 
tactile anaesthesia in  leprosy requires no special ski l l  and 
experience . This is a delusion which has caused frequ ent errors 
in diagnosis . During the last twe lve months I have seen the 
following 3 cases :-

1 .  Male, Englishman, aged 39, who returned from the 
tropics after residence for some years as a welfare worker in a 

leprosy institution . He had marked anaesthesia of both arms and 
legs , and acid- fast rods were found in the nasal mucous membrane . 
He was diagnosed as suffering from leprosy by ( a )  a doctor in  
this country with fair experience of  the  disease ; ( b )  a professor 

of tropical medicine ; and ( c )  a well known neurologist .  On 
examination I found that the acid-fast rods in the nasal mucous 
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membrane were not lepra baciHi ,  and that the anaesthesia was due 
to hysteria . In this case the deep nature of the anaesthesia , com
pared with the marked lack of any muscle wastage , and the absence 
of  any skin lesion or nerve thickening, made tne diagnosis o f  
leprosy improbable . Further examination elicited the classical 
symptoms of hysteria . 

2 .  While colonial subject, a,ged 30 . Had been diagnosed as 

a case of leprosy for the last six years and had lived a life of 

incarc.eration and misery during that time . Examination showed 
areas of anaesthesia over the outer sides of both lower legs . The 

patient gave a history of being brought up on a cattle ranch , where 
he had been subject to constant trauma from the hooves of cattle 
or falls from horseback . There was no wasting of muscle ,  no nerve 
thickening and no skin lesion . Diagnosis traumatic anaes thesia . 

3 .  European , male , aged 27, with a history of a short 
residence in the tropics . On examination I found he had wide
spread macular lesions over the trunk and arms , showing typical 
anaesthesia to l ight touch . I confirmed the diagnosis of leprosy . 
He had been seen by more than six doctors ,  all of whom, after 
testing with pins and needles, had stated that there was no 
anaesthesia . Had the disease not been discovered in time the 
patient would almost inevitably have drifted into a dangerous 
lepromatous state . The mistake here lay in the patient ' s medical 
advisers being unaware of the correct method of eliciting 
anaesthesia .  

In different leprosy institutions one sees occasionally the most 
extraordinary methods of  testing for anaesthesia . These include 

the use of a folded piece of stiff paper, pins , needles ,  and , in some 
cases , the use of a large feather attached to the end of a walking 
stick, presumably in order to prevent any possibility of contact . 

, The elicitation of anaesthesia in a well marked tuberculoid case 
of  some duration is relatively easy . The difficult cases are ( r )  the 
early anaesthetic lesion where pathological findings are indeter
minate , and (b )  the early tuberculoid lesion where gross anaesthesia 
has not yet become stabilised . 

The only instrument that is of any real value in the elicitation 
of tactile anaesthesia is a very fine point of  cotton wool .  There 
are , however, several points which must be remembered . The first 
is a need for inviting the patient to co-operate, combined with a 

complete explanation to the patient of what is happening . In 
some languages the word for " feeling " is not clearly differentiated 
from the word for " pain , " and it is therefore necessary to explain 
exactly to the patient what is expected of him. A large number 
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of patients will almost in(!vitably give the " wrong " answers to 
begin with ; this Jor various reasons including ignorance ,  stupidity, 
and the desire to say what \V i i i apparently please the doctor . 

The effort of concen tration required by the patient may be 

quite rapidly fatiguing, and there should be careful intervab 
allowing for a short mental rest between each tesL Apart from 
exceptional cases the patient should not be blindfolded, and in 
no case is there any excuse for the attendant putting h is thumbs 
over the patient ' s  eyes . In most cases there is no reason why 
the patient should not watch the procedure, at any rate during the 
first part of the examination . He  is just as interested in it as you 
arc . Blindfolding and eye blockin;g can only add to the patient ' s 
sense of apprehension and therefore to the margin of error in the 
elicitation of anaesthesia .  

Any. emotion , such as  fear, can effectively inhibit the normal 
sense of touch , and the accuracy of the patient 's response . It 
should be remembered that the actual definite diagnosis of  leprosy 
often brings a sense of relief to a patient, who for days and weeks 
may have been harrassed by tormenting doubts or fears . During 
this stage a patient may be quite incapable of giving a rational, 
coherent response to any test for anaesthesia unless he is treated 
with the utmost consideration and understandin;g. Physical tired
ness may affect the response to light touch . A patient who has 
come to the clinic from a distance, carrying a fairly heavy load , 
may be incapable of  recognising light touch until he has had a rest .  

Variations in touch response in normal skin . To elicit this the 

writer suggests making the following simple tests :-
Take a fine wisp of cotton wool and, after elicitin;g normal 

touch response on the. back of the hand, then test the back of  the 
knuckles of the same hand . It wil l  be found that there is no 
response to l ight touch, and that this area is normally anaesthetic . 
Examination ' of the whole body in normal subjects shows that the 
skin on the outer aspects of the joints in general has a varying, 
but dulled delayed response to l ight touch . This is a most 
important, but little known observation, ignorance of which has 
led in a number of  cases to a wrong diagnosis . 

The hair on the skin may be sensitive to l ight touch where 
the underlying skin is anaesthetic . In every case, therefore, 
it is necessary to shave both the suspected area and the control 
area before examination for anaesthesia . The act of shaving itself 
may cause a temporary numbness , so that the patient should be left 
for at least ten minutes after the shaving has been completed . 

If a patient has been sitting with one knee over the other for 



TACTTLE  AN,\ESTH ES  1 /\  1 1 7 

some time, the lower part of the leg which has been superimposed 
on the other will be found completely anaesthetic to light touch . 
Similarly, in patients who have been squatting cross-legged for 
some time, there may be partial anaesthesia in both lower l imbs . 

In  testing for anaesthesia of the forearm the l imb should not 

be rested on a desk, or kept in any position where there may be 

pressure on the ulnar nerve ,  or compression of  the l imb . The 

patient should not be allowed to sit in a draught during examina

tion, as this may inhibit a normal response . 
Perhaps the most" difficult place for the elicitation of 

anaesthesia is on the face . Here it must be remembered that the 
skin is extremely sensitive indeed, and anaesthesia may only be 
discovered by the mere touch ,  not stroke ,  of a single hair of 
cotton wool . 

Trauma, particularly round the ankles and feet,  is a common 
cause of  anaesthesia, and is not infrequently mistaken for leprosy . 
It should be kept in mind that almost everyone has ,  from child
hood, suffered repeated trauma in this area , and that no diagnosis I 

of leprosy should be mane without confirmatory signs and 
symptoms. 

I am indebted to Dr. J. Barnes , o f  the Ogoja Leprosy Settle
ment, Nigeria,  for a detailed study of relative insensitivity over 
joints in  ten Africans . He reports as follows :-

T .  

2 .  

3 ·  

4 ·  

5 · 

6 .  

7· 

8 .  

9 · 

1 0 .  

Insensitive skin areas in the nonnal African.  
( + = Stimulus appreciated . 0 = Stimulus not appreciated . )  

Patient Stimulus Elbow 
tip 

Adult Light touch 0 
female Pin prick + 

Adult Light touch 0 
male Pin prick 0 

Adult Light touch 0 
male Pin prick + 
Adult Light touch 0 
male Pin prick + 
Boy Light touch 0 
aged I S  Pin prick , + 
Adult Light touch 0 
male Pin prick 0 
Girl Light, touch 0 
aged 1 2  P in prick 0 

Adolescent Light touch + 
boy Pin prick + 
Boy Light touch 0 
aged 1 3  Pin prick + 
Adolescent Light touch 0 
boy Pin prick + 

Middle 
knuckle 

of fi ngers 

0 
+ 

0 
0 

0 
+ 
0 
+ 
0 
+ 
0 
0 
0 

' + 

+ 
+ 
0 
+ 
0 
+ 

Knees 

+ 
+ 

+ 
+ 

0 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

Remarks 

Tendo-achilles 
o 
o 

Tendo-achilles 
o 
+ 

Dorsum of feet 
o 
+ 

Full sensation in 
tinea patches . 
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The whole skin area of ten normal Africans was studied , and 

the appreciation of pin prick and light touch noted . Al l  parts of 

the body appeared to be sensitive except where the skin was 
stretched or thickened on elbows, knees, middle knuckle of fingers 
and soles . Most, but not necessarily all ,  of these sites were in
sensitive to light touch in the cases examined . 

SUMMARY 

I .  The most-effective test for anaesthesia in leprosy is by the 
use of a fine point of cotton wool .  

2 .  The areas o f  the  outer aspects of  the  joints ( ankles, etc . )  
normally show a relative anaesthesia in a healthy person . 

3. Hair is not insensitive to light touch where underlying 
skin is anaesthetic in a case of leprosy . 

. 

4 .  The skin, of the human face is extremely sensitive to light 
touch and anaesthesia should be elicited with a single hair of 
cotton wool .  

5 .  In cases of doubt diagnosis of leprosy should not be 
made where there is ( a )  no skin lesion ; ( b )  no thickened nerve,  
and (c)  no muscle wasting. 

SULPH ETR O N E : TH ERA PEUT T C S  A N D  

T O X I CO L O G Y  * 

GEORGE BROWNLEE 

B .Sc. Glasg.,  Ph. D .  Lond. 

From the J,Velicome Physiological Research LAboratories, 
Beckel1ham, Kent. 

(Reprinted from The LAncet, July 2 4th, 1 948) 

The discovery in these laboratories of the chemotherapeutic 
activity of diaminodiphenysulphone ( Buttle et al. I937) stimulateJ 
a search ' for derivatives having the efficiency of the parent drug 

" The de:velopment of sulphetrone is part of a programme of work on 
Antituberculous Compounds carried out by the Therapeutic Resenrch 
Corporation of ( ;reat Brita i n .  
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but not its undesirable toxicity . One derivative, tetrosodiurn 
4 : 4-bis (y-phenylpropylamino ) -diphenylsulphone- ex: : ) '  : ex: : y'
tetrasulphonate, given the registered name ' Sulphetrone , ' was first 
prepared in 1936 and attracted attention on re-examination in 1941 
by reason of its freedom from toxicity and its potent antituber
culotic activity . 

Brownlee et a l .  ( 1 94 8 )  have desc r i bed i t s  str u c t ure,  c h emica l a n d  
physic a l  properties,  p ha rm aco lo g y ,  exper i me n tal  therapy , a n d  possi b l e  
c l i n ica l u ses;  a n d  Brow n lee a n d  Ke I 1 l�edy ( 1 948a ) h a v e  described its 
su ppressi v e  e llec t on progress i v e  ex per i m en ta l tuberc u l osis in g u i nea pigs 
The d r u g was fo u n d  to be bac teriostat ic a n d ,  i n  common w i t h  other 
s u lphon es , i n ca pab le of e l i m i n at i n g  the i n fec t i ve o rgan i sm from a n i m a l  
t i ssue . I n  a seco l l d s t u d y  Brow n lee a n d  K e n n e d y  ( 1 94 8 b )  h a ve s h o w n  
that  s u l p hetro n e  is  m o re effi c ien t t h a n  ' Prom i n ' 111 protec t i n g  t h e  
l aboratory an i ma l against  e x peri me n ta l t u berc u l osis ,  and t h a t  it i s  sy n erg i c 
w ith s t reptomyc i n . A c l i n i c a l  e v a l u a t i o n ,  u n fort u n a  te ly  restr icted to a 
l i m ited ser ies ,  was made by M ad i gan et a ! . ( 1 94 7 ) . The c hemica l prepara_ 
tion o f  s u l p hetro ne has been desc ribed b y  G ray and Henry ( 1 936 ) a n d by 
B u tt le et a ! .  ( 1 938 ) . 

Sulphetrone is a cream-coloured amorphous material contain · 
ing 5-7% water .  Its molecular weight is 892 . 5 and its probable 
constitution is as follows : 

C 1-1 -C H -C H -C H -N H -C J-i -so - c H - N H -C H -C H -C H H G "  2 
I 

6 4  2 G 4  
I 

2 

so N a  :l so N a  " so N a  3 

(j f) 

so N a  :l 

It is insoluble in alcohol and other organic solvents but 
exceedingly soluble in cold water ; 40% (w Iv ) solutions are stable 
when neutral or sl ightly alkaline ,  and a 60 % solution may be 
autoclaved ; 1 0 % solutions are isosmotic , but 20% and even 
40% solutions are well tolerated intramuscularly . 

E STIMATION 

Sulphetrone may be estimated in blood , urine , cerebro-spinal 
fluid ,  and tissue by diazotisation and coupling to N- ( I-napthyl ) 
ethylenediamine hydrochloride ( Bratton and Marshall 1939) , the 
resu ltant dye being measured colorimetrically or, better, absorp
t;ometrically . Since sulphetrone mixes intimately with precipitated 
proteins , the conditions governing i ts optimal recovery were 
determined experimentally . . They are critical and must be rigidly 
respected to obtain 90% recoveries o f  sulphetrone .  

T o  5 m l . o f  N I J hyd roc h lo ric a c i d  0 . 5  m! . of blood o r  other body 
fluid i s  added a n d  mixed well ; 2 . 0  ml.  of 1 2 % ( w / v )  trich lorac etic acid is  
added , a n d  the well  m i xed sol u ti o n  i s  fi ltered immediately through a 
n o .  5 '¥hatma n paper and repassed u n til b r i l l iant;  3 m ! .  of fi ltrate i s  
mixed with 0 . 05 m ! .  of 0 . 3 %  fresh (weekly)  sodium n i t rate a n d  left f o r  
3 min . ;  0 . 05 m ! .  of I . 5 % a m m o n i u m  sulpha m a t e  i s  n o w  added , a n d  t lw 
sol ut ion left for 2 m i n . F ina l l y 0 . 0 5  m l .  of o . r %  N - ( l -napthyl ) 
ethylenediamine hydroch loride i s  added and mixed wel l .  

The colour i s  a l lo wed t o  develop for 30 m i n .  before being read 
colorimetrica l l y , o r  a b sorptiometr i c a l l y  with a ,�rratten 61 fi l ter . A l l  
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estimates of sulphetrone are given in terms of the  an hydro u s  c o mpo u n d .  
B y  col laboration with t h e  Ti ntometer Ltd . ,  a sta n dard Lovibond colour 
d i sc is avai lable for the reading of blood and bod y - f l u id es t i mates fa l l i n g  
w i t h i n  t h e  ran ge of 0-9 mg.  per 10 0  m l .  

It  has been shown ( Brownlee et al . 1 948) that the visible 
absorption spectra of the naphthyl-ethylenediamine derivatives of 
diaminodiph enylsulphone and of sulphetrone are substantially 
different in preparations containing equivalent amounts of diamino
diphen y Is ulphone . 

TOXICITY 

The amte toxicity of sulphetrone when given by mouth experi
mental ly to animals is so slight that it cannot be determined with 
any certainty ( Brownlee et al . 1948 ) . Comparison of blood levels 
at death between ordinary sulphonamides and sulphetrone show 
the latter to be many times less acutely toxic than sulphanilamide .  
In the dog acute toxic symptoms are absent with blood-sulphetrone 
levels as high as 160 mg. per 100 ml. This fact, together with the 
observation that conjugated derivatives cannot be detected in blood 
or urine, is a strong l ink in the chain of evidence that sulphetrone 
is not easily hydrolysed . Acute toxic effects are not observed in 
man. 

Chronic Toxicity 
Very large doses of sulphetrone can be given by mouth for a 

long time to mice and dogs without producing ill effects . In rabbits , 
however, a diet containing 4'10 sulphetrone causes blood changes : 
( I )  a slight but continuous hcemolytic ancemia marked by a 
concurrent reticulocytosis :  (2) a progressive ancemia due to lack of 
iron owing to competition for alimentary iron by sulphetrone, with 
which iron forms a non-absorbable complex, and which may be 
treated, or prevented, by the administration of iron parenterally 
or by mouth ; and ( 3 )  an ancemia of  slower development but 
precipitate onset which seems to be of nutritional origin, since it 
may be both prevented and cured by the simultaneous exhibition 
of brewers ' yeast, and is probably caused by the limitation anJ 
alteration of the bacterial flora of the gut by sulphetrone ( Brownlee 
and Tonkin 1941 ) . 

That an essentially similar condition develops in man is im
plicit in the case reportea by Madigan ( 1948 ) , Anderson and 
Strachan ( 1948 ) , and Clay and Clay ( 1948 ) . The problem was 
studied intensively in 2 female patients presenting bilateral fibro
caseous disease,  and both at first gravely i l l .  Sulphetrone-balarice 
experiments were. made for twelve months , involving daily 
estimates of blood-sulphetrone concentrations and of the amounts 
excreted in urine and fceces . Daily estimates were made of 
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reticulocytes , red cells, white cells, and hcemoglobin concentrations ; 
differential cell counts were also made,  In all,  estimates were made 
on 298 occasions , 

The urine was examined for urobilin ( Watson 1936) and 
abnormal pigment ; total porphyrin estimates were made weekly on 
24-hour specimens , subsequently to be abandoned because the 
estimates fell within normal limits , Reference is made below to 
a chemical study of metabolic products of sulphetrone , The 
information collected has allowed the study of several related prob
lems also to be discussed , The figure summarises the typical 
response of a patient to sulphetrone by mouth ; the dose was at 
first 3 g, daily ( 0'5 g ,  every four hours ) and thereafter raised at 
seven-day intervals by increments of I g, until a therapeutic blood 
level of 7'5-10 mg, per 100 m!.  was reached,  The weekly estimah�s 
are means of seven daily observations , As with the rabbit, the 
residual effect is a hcemolytic ancemia, which stimulates reticulo
cytosis ,  The red cells were crenated, and hcemolysis in fragility 
tests were observed at 0'45 and increased at 0'48% NaC! , 

In all the 94 cases examined no distinguishable effects on the 
numbers of distribution of white cells were observed , Consistent 
with the reticulocytosis observed in man there was an increase in 
the primitive red cells of the bone-marrow , 

Typical response in man tn:ated with sulphetrone 7.5 g. daily for 52 weeks.  
with increments of iron and fresh yeast! to diet . Urobilin was estimated 

spectroscopicalfy ( Watson; 1936) . 
The range within which the differential red bone-marrow 

counts fell in II tuberculosis patients treated with sulphetrone was 
as follows : 

Polymorphs 
Metamyelocytes 
Myelocytes 
Premyelocytes 
Myeloblasts 

% 
3 '5-34'4 
9'0-33'4 
I '8- I I ' S  
1 ' 2- 4'0 
1 ' 2- 4'0 

Lymphocytes 
Monocytes . .  , 
Plasma cells 
Normoblasts 
Erythroblasts 

% 
3 '8-22 '8 
o'4-IO'8 
0 '2- 2'6 

24'0-37 '5 
0'4- 1'0  

The proportion of cells of the myeloid series ( A )  to nucleated rell 
cells is 1 '24-2 '5 to 1 .  This falls within the limits for normal 
marrow counts ( Young and Osgood 1935 ) , Estimates made on 2 
of the I I  patients before treatment started gave ratios of 6'4 to 

'
1 

and 9'25 to I ,  

Abnormal Blood Pigments 
The blood of animals and man containing therapeutic concen · 

trations of sulphetrone is usually dark brown, and the pigment is 
restricted to the red cells , even though sulphetrone is distributed 
within plasma and cells , Examined spectrometrically ( Beckman) 
the blood may show no specific absorption characteristic of known 
abnormal blood pigments , In a proportion of cases , which may be 
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as high as 20"/0 '  the specific absorptions of metha;moglobin (630 
mfL ) may be detected . Sulpha;moglobin (6 r8  miL) is absent. 
Metha;moglobin may be identified visibly by spectroscope but only 
in the strongest solutions of laked blood which will just transmit 
light.  When it is present, calculations from the extraction co
efficients of the wave-length corresponding to oxyha;moglobin ( 540 
mfL) and metha;moglobin ( 630 mfL) suggest that the amount
present is about 4-r2,,/0 of the total ha;moglobin . 

Blood containing  concentrations of sulphetrone above 10 mg .  per 
100 m ! .  may contain additional abnormal blood pigments . For example , 
of 904 spectrometric estimates in this category 23 were abnormal : 1 8  
contained suph;:cmoglobin, and 5 appreciable amounts o f  meth;:cmoglobin . 
In all other cases in which sulph;:e moglobin;:emia was obser ved in patients 
with blood-sulphetrone levels below 10 mg. per 100 m! . 'other drugs were 
implicated, phenacetin five times and methylacetanilide once. An addi
tional abnormal pigment may be identified by a generalised absorption 
in the area 600--620m,u . This may be a h;:emoglobin-sulp:1etrone complex 
or a h;:emoglobin-sulphetrone degradation product. 

Oxygen-capacity of the Blood.-Whatever the precise nature of 
the abnormal pigment, its ultimate importance depends on whether 
or not there is variation in the oxygen-carrying capacity of the 
blood.  A series of 8 patients, with blood-sulphetrone levels of 
7'4-9'2 mg. per roo ml . ,  were observed for ten weeks in which five 
repeated estimates were made of the oxygen-capacity of blood ,  
togther with spectrometric estimates . T h e  analyses were made in 
the constant-volume Van Slyke apparatus . In this small series 
the estimates of  oxygen-capacity were lower than normal in 5 cases, 
though associated with the presence 'of  metha;moglobin in only 
2 ( table r ) . The rate of oxygen ( air) uptake was always slower 
than in normal blood . 

Blue Coloration of Patients.-Associated with these facts is the 
d inical observation that many patients treated with sulphetJ;one 
show a leaden-blue coloration of skin and mucosa; . The tint and 
distribution of the colour are reminiscent of sulpha; moglobina;mia , 
which, as noted above, is absent . The intensity of pigmentation is 
not related to the blood-sulphetrone level but is greatest during the 
early period of adjustment.  It is less obvious in the young, '  and 
most pronounced in those with low vital capacity. There is at the 
same time a quanity of  violet-blue dye in the urine . Clinicaliy the 
condition does not contra-indicate the exhibition of sulphetrone.  
Specific Toxic Effects 

Sulphetrone shares with the sulphonamides the property Ji 
causing hypera;mia and hyperplasia of the thyroid gland in 
laboratory animals . The hyperplasia is thought to result from 
diminished synthesis of  thyroid hormone . The tests showed sulphe
trone to be the least and sulphaguanidine the most toxic, with 
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sulphadiazine intermediate . The effect has not been observed in 
man . 
Effect on Alkali Reserve -

The lack of acute toxicity and the low chronic toxicity , with 
freedom from the characteristic nervous sequela; seen in experiments 
on animals after the administration of diaminodiphenylsulphone, 
make ' it clear that sulph etrone is not degraded tO llly extent to 
diaminodiphenylsulphone in the body . 

A point which must - not be overlooked is the possible hydrolysis ot 
one or more of the four sulphonated side-chains , and animal experiments 
were made to study this point (Brownlee et al . 1 948) . Simple hydrolysis 
with liberation of sodium acid sulphate appeared likely, but experiments 
on rabbits given sulphetrone by mouth and parenterally,  and on dogs 
given sulphetrone parenterally , showed increased alkali in the blood.  
Comparison with the effects of administering alkali parenterally showed 
the increase in alkali reserve to be consistent with the liberation of one 
molecule of sodium hydroxide from each molecule of sulphetrone . This 
would involve the production of a condensation product of sulphetrone, 
and there is experimental evidence in man pointing to the excretion of a 
coloured complex of this kind in the urine . 

It is significant that tests made on rabbits given sulphetrone 
for long periods showed the animals to be cap<;tble of establishing 
an equilibrium in plasma-alkali balance . 

The alkali reserves of untreated and treated tuberculous 
patients are compared in table I I .  In the first column are the 
estimates of alkali reserve after seven days ' treatment : in the 
second, two months later . Included within the second series are 
3 patients who had received sulphetrone for seven days only . The 
estimates were made within 30 min . from freshly drawn blood 
centrifuged under paraffin ; the CO2-capacity was determined by 
the volumentric method of Van Slyke.  It  will be seen that there 
is no significant change in the CO2-combining capacity of the 
plasma after protracted treatment with sulphetrone . 

Sulphetrone is well tolerated if the exhibition of the drug is 
gradual . Nevertheless , during this period of adjustment mild 
symptoms of toxicity are seen ( Madigan 1948 ) -slight nausea, mild 
headache, and difficulty in reading. These may be associated with 
the physiological accommodation the patient is called on to make 
in alkali reserve .  The symptoms are relieved best by sodium 
bicarbonate and not so well by lactate or citrate . The bicarbonate 
Ion ( HCOH ) - may therefore be involved . 

A B S ORPTION AND EXCRETION 

Experiments on mice and dogs in which single small or large 
doses were given showed that, after a certain point is reached, 
large increases in dose do not lead to either a higher blood
sulphetrone level or increased absorption . .similar observations 
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have been made with the more complex sulphonamides at some
what higher doses . The rabbit is anomalous,  for increase in 
dosage increases the absorption of sulphetrone and its concentration 
in the blood . In dogs the same total amount of sulphetrone given 
in divided doses at intervals of a few hours led to a higher blood
sulphetrone level than when given as a single dose . A similar 
effect was seen in man in ten experiments restricted to 96 hours . 
The results of an experiment on dogs in which sulphetrone was 
injected first into the large and then into the small intestine , the 
ileocecal junction having been tied , support the view that absorptioa 
is largely confined to the small intestine . It follows that optimal 
conditions of absorption are likely to follow uniformly divided 
doses . 
Suiphet1"011e and Metabolism Products ill Urine and Fa'ces 

Two female tuberculous patients given sulphetrone were the 
subject of drug-balance experiments during a continuous period of 
twelve months . The intake of sulphetrone averaged 6·5 g. daily ;  
the amounts o f  sulphetrone i n  urine and fceces were estimated.  
As already indicated, the recovery of sulphetrone from urine was 
good , 90-95% ,  but only 75-82 % could be obtained from fceces . 
Sulphetrone in the fceces does not indicate only the amounts which 
remain unabsorbed, since some secretion takes place into the bile 
and from the ileum . It is impossible to relate the amount of sul
phetrone in the urine to the amount absorbed, for still other chan
nels of excretion are open to it. After the initial period of adjust
ment, as little as two-fifths , and later as much as three-fifths, passed 
through the kidneys, as much as two-fifths and as little as a fifth 
was recovered from the fceces . 
TABLE I .-OXYGEN-CAPACITY OF BLOOD OF 8 TUBERCULOUS 

PATIENTS TREATED WITH SULPHETRONE . TWO NORMAL 
ESTIMATES ARE INCLUDED. THE

· 
PRESENCE OR ABSENCE 

OF METHJEMOGLOBINJEMIA IS INDICATED . 

Case no . 
and sex Oxygen 

Normal : 

found 
( vols.  % )  

1 (F )  1 5 "3  
:> (F)  16 ·4 
TubetO culous : 
3 (F ) 1 2 ·0 
4 (M )  r o·o 
5 (F )  16 ·3 
( )  (M) 16 ·3  
7 (l\i )  14 ·5 
8 (M )  I 16 ·7  
9 (M)  ° 1 14 .8  

1 0  (M)  12 °8  

Hb % 
( Haldane ) 

8 2  
90 

>;6 
76 
90 
86 
Qd 
88 
88 
92 

Oxygen 
r.alculated 

from 
Haldane 

value 
(vols. % )  

1 8 ·6 
18 ·3  

Meph<Emo
globin<Emia 

( spectro
metric ) 

o 
o 

+ 
+ 
o 
o 
o 
o 
o 
o 
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TABLE II-EFFECT OF S ULPI-lET RONE [ N  PLASMA CO2-
COM B I N I N G  CAPACITY , I N  VOLL.:iV l ES % IN MAN 

Oct . 8 ,  1 94 7 Dec . 8 ,  1 9-1 7 
Case Blood- Carbol l _  Blood- Carbon -

11 0 .  sulphe- dioxide su lphe- diox ide 
trone capacity trone capac ity 

(m g .  per of p lasma I (mg . per of plasma 
1 00 mI . )  ( vols . % )  [ 00 mI . )  ( vols .  % )  

r 3 6 1 ' 7 T5 64 · 3  
2 5 6 1 ' 1 I 8 ' 1 63 ' 0  
3 4 63'6 I 5 " 3  64 '9 
4 4 63 '.0 7 ' 2  5S ' 6  
5 4 53 "0 * ? "O  58 '6  
6 . . .  . . . 4 ' 0  5 5 " 4  
7 . . . . . . 4 . 1  5 7 · 3  
8 . . . . . .  3 ' 2  56 ' 7 

• D r u g  bei n g  withdra w n . 

Dec . 8 , 

Normal 
patient 

A 
B 
C 
D 
E 
F 
. . . 
. . .  

1 94 7  
Carbon -
diox ide 
capacity 

of plasma 
(vols . % )  

64'8  
6Y5 
58 '0 
6Y 5 

5 7 " 2 
63 "9 

. . . 

. . . 

The urine of animals and man receiving sulphetrone contains 
a diazotisable substance which ,  when coupled with naphthyl
ethylenediamine, forms a dye w ith an absorption similar to that of 
sulphetrone . Heating with N /1 hydrochloric acid for 30 min . 
does not increase the amount of diazotisable material ; thus there IS 

probably no conjugation. The concentration of sulphetrone in 
urine is high-usually 1 0  to 20 times that in the blood . 

The urine of patients treated with sulphetrone is a dark smoky
brown . The pigment may be separated chromatographically on a 
column of activated alumina ( Brockmann : Messrs . Savory and 
Moore ) . 

Most of this pigment separates as a dark brown t i n .  band at the 
top .  After wash ing with a similar volume of d istilled water about 95 -97 % 
of the total diazotisable material passes through the column . The pi gment 
may now be developed with 0 . 5 % hydroc h loric acid to give a blue-violet 
narrow band , followed closely by a mauve-pin k  broader band ,  with brown 
( bile ) pigments left behin d .  The violet-b l u e  pigment i s  so luble in 0 . 5 % 
hydrochloric acid and, diazotised and c o u p l e d ,  appears to account for 
about 2% of the total sulphetrone in the u r i n e .  The mauve-pink so l ution 
in hydroch loric acid co u ples with d i ffi c u l t y ;  ca' l c u l a ted as sulphetrone it 
appears to acc o u nt for about 0 . 5% of the total . 

It is interesting to speculate on the part played by these dye
stuffs in the leaden-blue coloration of sulphetrone-treated patients 
excre ting these dyes in their urine .  The dyes appear to be conden
sation products of  two or more molecules of sulphetrone, which, 
it wi l l  be recalled, loses alkali in the blood-stream, probably by 
just such a condensation procedure . 

R.enal Clearance 
Sulphetrone is excreted by the kidney very fast .  In rabbits 

the clearance was 58'10 of that of creatinine ,  or two or three times 
as fast as that of sulphanilamide,  while in the dog the c learance 
was five times as fast as that of sulphanilamide ( Brownlee et al . 

1948 ) . 
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The o p port u n i t y a rose in a p a t i en t ,  repeated l y  chatheterised [or the 
d i a gnos is  of ren a l  tu berc u losis ,  to determ i n e  t h e  c learance-rate of su lph e
t ro n e  by d i rect com pa r ison with s u lp hani lam ide , Both drugs were g i , ' e n  
i n t r a v e n o usly in  a dose of 0 , 05 g ,  per kg,  and five est i ma tes ",ere made 
a t  inter va ls  of 3 0 m i l l ,  The mean c learance for s u lph a n ilamide + � , I J ,  
was 1 2 ' 2 + 2'4 , whereas for sl1lphetrone ,  tested after a n  i n terval  o f  e ight 
days,  i t  was 62 ' I + U '3 , 

I t  seems that, in man , tubular resorption of sulphetrone is smal l ,  
and that the  rate of c learance i s  about four times as  fast as  with 
sulphani lamide , 

TA B L E  I II - PENETRATION OF S U LP H E T H ON E I N TO VARIOUS 
T I S S U E S  IN MAN , EXPRESED AS MG , PE H 1 0 0  M L.  OF BLOOD 
OR OTHER FLU I D AND AS MG , PER 100 G ,  O F  TISSUE , 

Tissues Ca e I Case 2 Case 3 Case 4 Case 5 
Blood 1 2 " 4  4 ' 1  2 2 '4 1 7 " 7  
Plasma 8 ' 1 2 " 2  1 3 ' 3 r O ' 3  
Corpuscles 4 ' 3  1 " 9 9' 1  7 ' 4  
C isterna l fl u id ] , 8 1 " 3 1 '6 3 " 7  2 '9 
B i le 1 4° '0  1 9 '9  ] 3 0 '0 254 '0  1 7 1 '  4 
Liver 1 4 ' 0  II ' S  3 ' 7  30 '0 29 '4  
Kidney 1 7 '6 20 ' 2 23 " 7  9 7 ' S 73" 1 
Spleen 30'5  9 '8 2 ' 4  40'0 4 6 ' 0  
Normal l u n gs ro '4  7 "4 4 '9 3 7 "° 2 7 " 2 
Caseo us lu n gs 7 '3  44 ' 2  
Bone-marrow 0 ' 0  0'2  0 ' 4  
Heart muscle 14 '0 6 ' 0  1 9 ' 2  
Stria ted m u scle of  thigh 1 7 ' 8  4 2 ' 7 28 '0  
I le u m  2 T 'O 2 2 ' 7  2 : ' 1 
Cerebal hemispheres 5 "9 2 ' 0  6' 1 3 ' 7 
Peritoneal fluid 66 ' 0  2 7 ' 4  
Pericardial fluid 6'3 8 ' 2  
M edistinal glands 5 " 6  
Pus fro m mediast i n a l  gl and 16 '0  

D I S T R I BUTION OF SULPHETRONE IN TI S SU E  

Sulphetrone rapidly penetrates all tissues except brain,  but i t  
appears in  cerebrospinal fluid more slowly than do sulphonamides , 
The tissues of animals show similar concentrations whether the 
sulphetrone is given in a sufficient dose intravenously or by mouth 
over a period of ten weeks ( Brownlee et al . 1948 ) , In experiments 
on animals concentrations of sulphetrone in liver, kidney, and 
spleen are always -greater than i n  plasma ; the same is true for man 
( table I I I ) , The relation between absorbed sulphetrone, sulphe
trone in transport, and sulphetrone in kidney clearance does not 
seem to be a simple one , and conditions other than the concentra
tion of sulphetrone in the plasma appear to cooperate in 
determining the amount in the tissues , Plasma-sulphetrone levels 
obtained in nephrectomised rabbits are many times those seen in 
normal rabbits , and many times the level attained in other tissues . 
The concentrations in the bile of both normal and nephrectomised 
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animals are very h i gh ;  in the normal animal the concentration in 
bile is about twelve times the plasma vahle and must be considered 
to be sulphetrone in transport, so that bil iary excretion makes a 
significant contribution to the clearance of the drug.  

The study of the distribution of sulphetrone in the tissues in  
man has necessarily been confined to necropsy specimens . Cases 

. I ,  2, and 3 of table II I show the distribution of sulphetrone in 
different tissues when the blood-sulphetrone was at a therapeutic 
level , at death after tuberculous meningitis (2 cases ) and h;;emop
tysis ( I  case) . Cases 4 and 5 show the distribution of sulphetrone 
in different tissues a fter excessively high and long-maintained 
blood-sulphetrone levels caused by constipation allo�ing sulphe
trone to accumulate in the small intestine .  In both cases the 
blood-levels were maintained at 17'5 mg. per 100 m! . for more than 
five days . Death from anoxia followed from the inability of the 
red cells to transport oxygen . 

S UMMARY 

The chemical and physical properties of sulphetrone and its 
estimation in body fl uids are described.  

The acute toxicity of sulph etrone in experiments on animals 
is very slight.  No acute toxic effects have been observed in man . 

The chronic h;;ematotoxic effects in rabbits and in man include 
a h;;emolytic an;;emia , an ancemia of iron lack , and an an;;emia 
of nutritional origin . 

Sulphetrone has a goitrogenic effect · similar to that of sul
phonamides , but this is on1y slight in experiments on animals and 
has not been observed in patients receiving the drug.  

Sulphetrone given by mouth or parenterally raises the alkali 
reserve of the plasma of rabbit and dog. The probable mechanism 
is discussed . Given over a long period it brings about some toler
ance . It is thought that the period of adjustment seen during the 
first three weeks of sulphetrone therapy is associated · with adj ust
ments of alkali reserve.  The minor discomforts encountered 
during this period are - relieved by bicarbonate, but not so well 
by other alkalis. 

Though very soluble in water, sulphetrone is slowly absorbed 
from the intestinal tract-most from th e small intestine,  little from 
the large . 

Sulphetrone is cleared by the kidney very quickly, and fluid 
must be limited to maintain 'blood-sulphetrone concentrations ; 
there is also a substantial excretion into the bile and to a lesser 
extent into the ileum . The drug is not conj'ugated ; so there is 
no danger of crystaluria .  
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Sulphetrone penetrates all tissues , except brain, very rapidly . 

It passes into the cerebrospinal fluid more slowly than do 
sulphonamides . .  

Thanks are due to Dr.  A .  r .  Ross, of Farnborough County Hospital , 
who was responsible for the bone-marrow biopsis; Dr . T .. Anderson and 
Dr. D. G. Madigan for permission to draw on their clinical necropsy 
findings; Dr. E. I. Short for some of the oxygen-capacity and spectro- , 
metric observations; Dr. C .  L. Oakley for the h istological reports. 
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A PHARMACOLO GICAL STUDY OF THREE 
SULPHONES. 

MICHAEL SMITH 

PART II .  

HYDROL Y S I S  A N D  T H E  SPECIFIC TOXIC PHENOMENA . 

B LOOD LEVELS AND THERAPY. 

No information has been presented which indicates that high 
blood levels of any of the sulphones promotes greater rapidity of 
clinical response.  The present dosage regimens are based upon 
empirical assumptions and no leprologist can say with certainty 
that it is necessary to maintain a definite presta ted level of a sul
phone in the blood ( Ref. I ) . It  has yet to be shewn that a blood 
level of 6mg% of sulphetrone is any more effectiv.e than a blood 
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level of 2m,g% ; since the former blood level requires 8- I Og. daily 
of sulphetrone and the latter 2g. daily, the matter is obviously of 
some importance both from a medical and economic point of  view . 

Recent work ( Ref.  2 )  has shown that clinical response is 
obtained \ovith extremely small doses of diaminodiphenylsulphone . 
Doses of 0 . 05 .  every other day are reported to give good results 
: Ref.  3 ) ; blood levels on this dosage are < o . Img% therefore it 
wo uld seem that the attempt to achieve and maintain bloodlevels 
of  the order of I =�mg% with diaminodiphenylsulphone is 
unnecessary. 

This attempt was made because of the assumption that if a 
blood level of 5mg(Yo of sulphetrone and 2mg% of diasone pro 
duced clinical response then the molecularly equivalent blood level 
of diaminodiphenylsulphone would do so too . ( It was assumed, 
ad hoc, that 100% hydrolysis of  the proprietary sulphone occurred 
though in fact it is improbable that this degree of breakdown does 
occur . ) Fig I presents the constructed table shewing the chemical 
method of computing the molecular ratio of the sulphones . 

FIG . 1 .  
CuI . 1. 

Sulphunll .  

DADPS* 
Diasone 
Sulphetro!le 

CuI . 2 .  Col .  3 .  
Ratio of  Col . 2 

Mulec ular Wt.  tu DADPS';' 

248 248/248 
448 248 /448 
892 248 / 892 

'" DiaminuuiphenyIsulphone.  

Col .  4 .  
Molecular 

Hatio . 
I 
0 . 56 
0 . 2 8  

Therefore the " therapeutic " blood level of  diaminodiphenyl
sulphone may be calculated empirically, as follows ,  using the blood 
levels of the proprietary sulphones that are maintained on the 
usual dosage regimens . 

Diasone - 0 . 56 x I . 8mg% = I . omg% 
Sulphetrone - 0 . 2 8  x 5 . omg% = I . 4mg% 

It was found that a blood level of  Img% of diaminodipheny1-
sui phone could be established and maintained by a daily oral dose 
of 0 . 2-0 .3g.  ( v .  Part I ) . 

The ad hoc assumption that 100% in vivo hydrolysis occurs 
is obviously not correct since concentrations of sulphetrone are 
found in the urine of the order of I ooomg in solution ( v .  Part I ) . 
The solubility of diaminodiphenylsulphone being only 30mg% in 
urine, the sulphetrone must be present largely as the complete 
molecule . The degree of breakdown that does, if at all,  occur 
with the proprietary sulphones is obviously a point of fundamental 
importance,  and the following work was undertaken to establish 
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the evidence of .  and degree of ,  In VIVO hydrolysis of the proprietary 
sulphones . Brownlee states ( l�ef .  3) that breakdown of sulphe
trone to diaminodiphenylsulphone does not occur . Similar state
men ts are not made concerning other proprietary sulphones . 

IN VI V O  HYDROLY S I S .  

a .  Therapelltic eVIdence. 

In Part I theoretical evidence was presented to shew that the 
proprietary sulphones probably owe their activity to their content 
of diaminodiphenylsulphone . For the purposes of this discussion 
if  100(10 hydrolysis of  the proprietary sulphones occurs we may 
construct, as in Fig z, a table to demonstratE; how much diamino
diphenylsulphone would he available to the body from the usual 
dosage regimens of the proprietary sulphones . 

FIG. 2 .  
Col . I .  Col .  2 Col . 3 .  Col . 4 Col.  5 . 

Am ' nt DADPS* 
% age Amount liberated 

Daily oral Absorbed metabolised . ( Col . 4 x 
Sulphone.  dose . from gut .  (Col . 2 x Co1 . 3 )  Molecular ratio ) 

DADPS* 0 · 3g·  8S 0 .z6g .  0 .z6,g. 
Diasone I . Sg · 46 0 . 69g· 0 · 38g .  
Sulphetrone S · og. I S 0 · 7Sg· O .ZIg .  

':' Diaminodiphenylsu lphone .  

From this table it  is interesting to see that the amount of 
diaminodiphenylsulphone available to the body w hen the pro
prietary sulphones are used is of the same order as the dose of 
diaminodiphenylsulphone which we have established to be the 
maximum therapeutic dose capable (If  continuous administration 
without toxic sequelae . I f  only ZO% hydrolysis of the proprietary 
sulphones occurred it is obvious that thf amount of diamino
diphenylsulphone available would be c . o . oSg .  That this figure is 
capable of giving clinical response is shewn by the worl( referred to 
above ( Ref .  z ) . 

b. Experllllental eVIdence. 

When any of the proprietary sulphones are ingested , blood 
and urine levels may be ascertained by diazotisation and coupling 
of the circulating sulphone as in the Bratton & Marshall procedure . 
However, this procedure does not give any information as to 
whether the sulphone present is present as the proprietary sub
stance, the rrionoamino compound , the doubly hydrolysed com
pound ( i . e . ,  404' diaminodiphenylsulphone ) or a various mixture 
of all of  these . A blood level of Srng% obtained from a patient 
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rece iv ing su lphetrone therapy may represent not 5mg of sulphe

trone but only 2mg% of su l phetrone and the rest d iam inodipheny l
sulphone . In order to de term ine the d egree of  in vivo hydrolysis 

of  the proprietary su lphoncs the fo l lowing n:ethod was developed . 

Method f01' Urine. A sa mple of u r i n e  from a p a t i e n t  u n dergo i n g  
thera p y  w i t h  a proprietary s u l p h o n e  i s  a n a lysed f o r  i t s  c oncentrat i on 
of s u l ph on e by t h e  u s u a l  tec h n i q u e  ( see p revious paper ) . In order 
to fac i l i tate the p roced u re a u r i n e  of > r oo m g % s u l p h e tro n e  is 
o b t a i ned and > 5 0 m g % d i aso n e i s  ohta i n ed , a n d  after an a l ys is the 
ur i nes a re a d j u sted e x a c t l y  to some convenient  fi g u re ( e . g . ,  room g % 
a n d  50mg % ) by t h e  a d d i t i o n  of wate r .  Control  so l u t i on s of su l 
p hetrone a n d  d iasone a re then p repared by wei g h i n g  the p u re 
powders a n d  d i ssol v i n g  i n  a fresh u r i n e  o b t a i n e d  from a perso n n o t  
o n  s u l p h o n e  o r  s u l p h o n a m i d e  t hera py .  1 0 0 m i .  porti o n s  o f  both t h e  
c o n t rol a n d  t h e  urine to be tested a re t h e n  e x t racted w i t h  t h ree 
a l i q u o t s  represe n t i n g  a total  v o l u m e  of  J oo m l .  o f  e t h y l  aceta te . The 
e x tracts are t hen dried o v e r  a n h ydrou s sod i u m  s u l p h a te and r m l .  
o f  each i s  est i m ated for d i a m i n o d i p h e n y l s u l p h o n e  c o n t e n t  as 
descri bed p re v i o u sl y  ( Pa rt J ) , except t h a t  t h e  t r i c h lo racetic ac i d  i s  
r e p l a c e d  w i t h  a 50 % so l u t io n  o f  ethy l a l c o h o l . The c o n c e n t ra t i o n  
of d i a m i n o d i p h e n y l s u l p h o n e  fo u n d  i n  t h e " c o n t rol " t u be ( u s ua l ly 
n e g l i gi b l e  w ith su l phetro n e )  is s u btracted from t h a t  obta i n e d  in t h e  
u r i n e .  T h i s  fi gure represe n t s  the a mo u n t  o f  d i a m i n o d i p h e n y l 
s u l p h o n e  i n  m gs% . T h i s  o v e r  t h e  fi g u re o b t a i n e d  f r o m  t h e  fi rst 
a n a l ys i s ,  w i l l  give t h e  d e gree o f  h yd ro l ysis  that h as occ u rred in vivo. 
T h e  fol lowi n g  fi g u res show t h e  a m o u n t  of in lJitJO h y d ro l ysi s occ u rri n g 
i n  p a t i e n t s  u n dergo i n g  s u l p h o n e  t h erapy w i t h  t h i s  U n i t .  

N o  m g % total mg % as 
D ru g .  Obser vatio n s .  s u l p h o n e .  DA DPS* Partition . 

Diasone 5 50 2-10 4-20% 
Su lphetrone 8 1 00 3-6 3-6% 

':' D i a m i nod iph en y l s u l phon e . 

. Method for Blood. c . 20m l .  of blood from a patient are w it hdrawn . 
T m l .  of this sam p l e  is estimated for the sulphone in ques t ion as 
desc ribed in Part I .  J om l .  of t h e  rem a i n i n g  blood a re m ixed with 
som l .  satd . M gS04 a n d  then c e n t r i f u ged u nt i l separation i s  o bta i ned . 
r om l . of the s u pernatent Jl u id i s  then shaken with r om l s .  of ethyl 
aceta t e .  r m l .  of t h e  eth y l acetate ex trac t  is then est i m a ted as for t h e  
extract obtained from ur i n e . 
A " bl a n k " estimation is performed upon blood e x tracted from 
a person n ot u n dergoin g s u l phone therapy and to w h i c h  blood hae 
been added a known equ ivalent quantity o f  the su l phone to be 
estimated . 
Result. Usi n g  t h i s  tec h n i q u e  n o d iam i nod i phen y ls u lpho ne could b" 
d i scovered i n  the b lood of patients u n dergo i n g  su l pbetrone ':berapy.  
\Vith diaso n e ,  equ i voc a l  resu l ts were obt a i n ed , due to some grossness 
of the tec: h n ical  proc e d u re Furt her s t u d ies are contemplated : the 
above res u l t s  and methods a re reported in order that the work may 
be repeated i n  other research l a horatories 

DI S CU S S I ON. 
That diaminodiphenylsu lphone may be extracted from the 

urine of  patients undergoing therapy with proprietary suI phones is 
evidence from the partial hydrolysis of these compounds in the 
body . The grossness of the methods used do not allow of any 
conclusions regarding the partition of the s ulphones in the blood . 
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The presence of  d iaminodiphenylsulphone in  the  u r i n e  however 

is strong evidence for the presence of diam inod iphenylsul phone in  

the blood . The author holds the  v iew that  in the l ight of the  
evidence presented . both experimenta l  and theoret ica l .  the  In  1)I VO 
partial hydrolysis of the proprieta ry sulphones must be accepted . 

TOX I C  E F F ECTS OF TH E P R O P R I ETARY S U L PHON E S .  

Since the sulphones are in some measure degraded t o  diamino

diphenylsulphone the toxic effects of  any proprietary drug may be 
due to a combination of  two factors : 

a .  The tox ic action o f  diaminod iphenylsu lphone . 

h .  The toxic effect o f  the whole molecu le  of the  su lphone or 

portion of  the molecule remain ing a fter l i berat ion of 

diaminodiphenylsu lphone . 

I n  this article the toxic phenomena of three su lphones w i l l  be' 

studied in an <t.ttempt to discover whether diaminodiphenylsulphone 

possesses intrinsic tox ic qual it ies which renders i ts use in leprosy 

therapy inadvisable . 

B LOOD DYSCRA S I A S .  

AnaemIa. 
That the administrat ion of the su lphones whether orally ()r 

parentally resul ts in an anaemia ( Ref .  4) . is wel l known . That  

the anaemIa produced may differ q uant itavely with ( a )  the type 

of sulphone and ( b )  the mode of administration is not generally 
realised . 

Sulphetrone .  The anaemia produced is in the majority of cases 

not severe on a dosage of not more than 5 . o.g . daily when the 
exhibItIon of the dmg IS gradual. A fal l  o f  > 3g . Hb% i n  the first 
six weeks is usual . and if iron is given concurrently with the sulphe
trone the body stabi l ises itself within a matter o f  two or three 

months . The anaemi:t is hypochromic in  type . no evidence for 

a marked haemolytic process has been found from studies o f  

plasma bilirubin .  red cell fragility. urobil inogen excretion or the 
presence of methaemalbuminaemia.  

I f  the exhibit ion of the drug is rapid the[f� occurs in  Southern 

Nigeria a syndrome of glandular enlargement.  splenomegaly .  

pyrexia and disturbance of liver function exhibition tb� blood 
picture similar to that of infectious mononucleosis .  Th is effect is 

seen with all  the sulphones when the exhibit ion of the drug is 

rapid .  S o  far a s  i s  known i t  occurs only in  this area-no such 

similar syndrome has been reported elsewhere . This particular 

a ction of the sulphones wi l l  be made the subject of a separate 
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report . No patient exhibiting this phenomenon is inclu.ded in the 
group for purposes ot  the present report . 

Brownlee ( Re f. 3 )  reports that sulphetrone combines with 
alimentary iron and also depresses the bacterial flora of the gut . 
Both these factors may be responsible for the anaemia producing 
effect of  sulphetrone administered orally . 

In an effort to study the degree of responsibility of both 
the diaminodiphenylsulphone part of the sulphetrone molecule and 
the remaining cinnamyl-like portion for the anaemia produced by 
sulphetrone the following experiment was performed . In Fig . 2 ,  
Col . 4 i t  i s  shewn that the amount of sulphetrone available t o  the 
body on a daily oral dose of Sg .  is 0 . 7Sg .  Sulphetrone was given 
intramuscularly in a dosage of 0 . 7Sg .  daily to  a group of five 
patients . The resultant anaemia was not of significance . In the 
five cases under test no loss of  Hb greater than o . Sg.  was recorded . 

It is realised that this study is by no means as satisfactory as 
desired . 

Diasone. When diasone is given orally in doses of 1 . 8g. daily 
an anaemia rather greater than that produced by Sg .  of sulphetrone 
daily is produced . When the dose is raised above 2 . og . daily 
then a definite haemolytic anaemia is detectable by means of 
raised urobilinogen , excretion, raised icterus index, and the 
occasional presence of methaemalbumen in the blood plasma. 

The fall  in the red cell  count with oral diasone is of  a much 
greater degree than with sulphetrone . Red cell count decreases of 
the order of 1 . S to 2 . 0  million are not uncommon when the daily 
dose is 1 . 8g.  

Fig.  2 ,  Col . 4 shews that the amount of diaminodiphenyl
sulphone available to the body is c . o . 7g .  when the daily oral dose 
is 1 . Sg . When diasone is given parenterally in a dosage 
approximating to 0 . 7g. daily ( sml . of  a 40 (10 solution thrice 
weekly ) the anaemia produced is ( as with parenteral sulphetrone ) 
o{ nothing like the same degree .  In 14 patients treated for two 
months with parenteral diasone as described above, the anaemia 
was flOt severe enough to warrant the administration of iron or the 
cessation o f  treatment . 

. 

Diaminodiphenyls,tlphone. In a dosage of 0 . 2-0 .3g.  daily the 
anaemia produced by this drug is of a mild self-correcting type 
occurring- mainly in the first month of treatment .  The anaemia is 
of a haemolytic nature, though perhaps other factors also enter 
into its production . 

General Comment . The' study of anaemia in Southern Nigeria 
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i s  made difficult by t h e  I1l.any intercurrent haemolytic infections to  
which the patients are  exposed . There i s  also the  unknown effect 
of the various de,grecs of l iver dysfunction presf'nt in a large 
percentage of primitive African people in this area . Thus the 
effect of  any drug upon the body may not be a pure cause and 
effect relationship .  The anaemia produced by the sulphones is 
always more severe and treatment more difficult in patients with 
liver dysfunction . Diaminodiphenylsulphone cannot be shewn 
however to be more anaemia·producing in these cases than diasone 
or sulphetrone . 
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CORRESPO N DENCE 

The Editor, 
" Leprosy H.eview . "  
Sir, 

6th November, 1948 . 

There have been suggestions in the literature of the sulphone 
treatment of leprosy that sulphones may be concentrated in the 
skin ( I ,  2 ) . The importance of the study of such an observation 
is obvious and has been emphasised at the recent International 
Conference of Leprosy ( 3 ) . 

Some months ago in this laboratory a biopsy specimen o f  skin 
was submitted for analysis of su.lphone concentration . The result 
was 35 mg. of sulphone per 100 g .  of skin . This result was not in 
agreement with other values obtained previously , and investigation 
revealed that the biopsy had been performed under Planocaine 

local anaesthesia ,  whereas previous biopsies had been made from 
nodular material not necessitating the use of  a local anaesthetic . A 
repeat biopsy of this same patient shewing a reported concentration 

of 35 mg. per 100 g .  of skin was made under cocaine local 
anaesthesia . This second biopsy was made within a few hours of 
the first and at a site as near to the first as was possible . Analysis 
of this specimen shewed a concentration of < 2 mg .  sulphone per 
100 g .  of skin, a figure in accordance with the values obtained from 
previous skin biopsies . 
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D I S CU S S ION. 

The routine method in general use for quantitative estimations 
of the proprietary group of substituted diaininodyphenylsulphones 
is substantially that of Bratton and Marshall (4 ) . The principle 
is that of diazotisation of the amino grouping and subsequ.ent 
reaction with a coupling component to produce a compound capable 
of colourimetric estimation . The method was devised originally 
for the sulphonamides , but a colour reaction is obtained with any 
compound having a diazotisable amino grouping . The aromatic 
anaesthetics , e . g . , Procaine and Planocaine, possess such a 
grouping and will therefore give a colour under the conditions of 
the test . Infiltration local anaesthesia with this group of anaes
thetics is contra-indicated when biopsies of skin for analysis of 
sulphone concentration are- required . 

Cocaine is an anaesthetic not possessing a diazotisable amino 
group' and is therefore satisfactory for biopsy work . 

We have learnt ( 5 )  that in one other leprosy centre h�gh skin 
concentrations of  sulphones have been found to be due to the use 
of the type of anaesthetic indicated above.  In view of  this it has 
been thought desirable to publish our experience together with a 
method for the estimation of skin concentrations that we have 
found to work satisfactorily . The whole question of skin concen
trations of sulphone will be dealt with more fully in a further 
article . 

METHOD. 

Anaesthesia. 1 %  aqueous solution of cocaine hydrochloride . 
I mL of this will produce a satisfactory degree of anaesthesia in 
from 5-10 minutes . 

Biopsy. With dark skins it is advantageous to outline the 
biopsy area with a skin pencil . An elliptic a] area 2 cm x 0'5 cm 
extending down to the subcutaneous fat will afford about 0 .3  g .  
of  skin, and this amount i s  the minimum that it is convenient to 
work with . 

Estimation.  The excised skin should be rapidly washed in 
physiological saline to remove any adhering blood, and then 
pressed dry between several thicknesses of filter paper. Weigh on 
an analytical balance and transfer to a glass mortar of about 5 cm . 
diameter. Add 2 or 3 grammes of acid-washed sand and one-third 
of the c'alculated volume of N /1 HeL The calculated volume of 
N /1 HCI is ten times the weight of the skin excised . Grind until 
the skin is entirely macerated . With a Pasteur pipette remove the 
supernatant HCI from the sand and tissue debris , and transfer the 
Hel to � 10 mL graduated centrifuge tube . . Add to the mortar 
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the second one third volume portion o f  Ni l H CI  and grind , trans
ferring the supernatant acid to the centrifuge tube as before . The 
remaining one third volume of Nil HCI  is added to the mortar 
and transferred ,  after grinding, as befOle . In effect the skin is 
extracted with three portions o f  HCI . To the centrifuge tube is 
then added · a 1 2% trichloracetic acid solution to bring the  final 
volume to IS  times the weight of  the skin taken . 

Example : Weight of skin . . .  0 '5  g .  
Calculated volume of 

Nil HCI = 5 "0 m .  ( 1 0 x 0 '5 g . ) 
1 / 3  calculated volume = 1 ·6  ml  

( skin extra'cted 3 times with 1 ·6 ml . of  Nil HCI each time ) 
Trichloracetic acid added to make final volume up to 

7'5 ml . ( IS x 0'5 g . ) 

The tube is then centrifuged,  the supernatant fluid poured off 
into a 10 ml . comparator tube, diazotised and coupled by the 
method described by Brownlee et al . ( 6 ) . The above method for 
skin estimations is applicable to any of the proprietary sulphones , 
but for each proprietary compound a different standard is neces
sary . For Sulphetrone,  the Lovibond comparator disc is availab le ,  
and the colour produced by the sk in  extract may bp, read directly 
on the disc as mill igrammes per 100 grammes of skin . Promin and 
Diasone may be estimated approximately by reading in the 
Lovibond Comparator calibrated for Sulphetrone and applying the 
following correction factor. 

mg% Promin = Sulphetrone disc reading 
1 ' 1  

mg(X) Diasone = Sulphetrone disc reading 
1 '7  

Using the above technique we have  found no evidence that the 
sulphones are concentrated in the skin . 

Yours faithfully , 
M I CHA E L  SMITH, 

B E LRA R E S EARCH UNIT OF NIGER IA, 

UZUAKOLI, S . E .  NIGERIA .  

REFERENCES .  

Biochemist. 

J . COCHRANE, R .  G .  ( 1 948) .  A comparison of suI  phone and hydnocarpus 
. therapy of leprosy.  lilt. J. Leprosy, 1 6, 2 ,  1 39 .  

2 .  BURROUGHS W E L LCOME ( 1 948) .  Technical  l i terature on sulphetrone. 
3. COMMITTEE ON THERAPY ( 1 948) .  International  Congress of Leprosy . 

lilt. J. Leprosy, 1 6 , 2, 209.  
4 .  B RATTON & MARSHALL ( 1 9 39).  A new coup l ing component for S u l fa n i l a ·  

mide Determination.  Jour. Bioi. Chem. ,  1 28 ,  5 3 7 .  
5 .  BROWNLEE,  G. Personal communication.  
6 .  BROWNLEE, G., GRE'EN, A. F. , & WOODBINE,  M .  ( 1 948) .  Sulphetrone : 

A chemotherapeutic agent for tubetculosis  : Pharmacology and 
Chemotherapy. Bril . Jo"r. Phcrr/llt{c()l. (lIId Cbelllo/hera/I,Y. 3 ,  I ,  1 5 . 



1 ':' 1'. V J IC\ V S 1 :3 7  

H E V I E \N S  

Leprosy in India . Vol . XX , N O . 4 ,  Oct9ber, 1 948 . 
The editorial in this volume is a study by S .  N .  Chatterj i 

on the vexed question o f  leprosy and divorce . It is a careful 
study that should be read by everyone interested in the subject . 

Freqllency of the presence of leprosy bacilli 1/1 nasal Sill ears of 

leprosy patients by Dharmendra and N .  Sen .  After careful and 
tabulated study, the au thors conclude as follows : 

" F rom the a bo v e s t u d y  t h e  fo l lo w i n g  c o n c l u , i o n s  a re made : 
I .  I n  case .of l e p rosy o f  a l l  tYlles the bacill i  a rc  fo u n d  more freq u e n tly 

i n  the skin les ions t h an i n  t h e  n asal  smears.  This  d i ffere nce i s  special ly 
mar ked in  cases  of t h "  ne u ra l  t y p e .  

2.  I n  c a s e s  o f  t h e ' n e u r a l ' type w i t h  bacteriologica l l y  negative skin 
l es io n s , it i s  rarc to f i n d l e p ro s y  bacil l i  i n  t h e  n ose . O u t  of t h e  2 , 834 
cases this fi n d i n g  h a s  been made i n  o n l y  5 , two of them b e i n g ' t u berc u -
1 0 i J  ' cases i n  the stage o f  reac t ion .  

] .  A l t h o u gh the fi n d i n g  of l e p rosy bac i l l i  in t h e  nose,  i n  the a bsenc e 
o f bac i l l i  in t h e  s k i n ,  is n o t  a c o m m o n  fea t u re ,  beca u se t h i s  is possib l e ,  
t l' o u gh rare l y ,  i t  i s  important t o  make a bacteriological  e x a mination of 
the nose i n  a d d i t i o n  to the s k i n  lesi o n s  before declari n g  a patient a 
, c losed ' or non -infect i o u s case . " 

Leprosy in India. Vol .  XXI N o .  I ,  January,  1949 . 
This is the Havana Congress Number giving the official find

ings of the Congress on classification, therapy and epidemiology 
control . This material has also been publishe� in the International 

Journal of Leprosy April June 1948 and the Leprosy Review of 
July 1 948 .  Besides these, however, there are a number of  short 
abstracts of the more important papers presented to the Congress . 
Leprosy in India , Vol .  XXI ,  No . 2 ,  April 1949 . 

This has an account of the All-India Leprosy Workers ' 
Conference held in Calcutta from the 29th-3 1st December 1948 . 
A fter the official opening, speeches and messa,ges o f  goodwil l ,  the 
scientific session began.  

Session 1 .  The Treatmen t  o f  Leprosy . Papers were given by 
Doctors R .  G .  Cochrane ,  Dharmendra and S . N .  Chatterjee on 
sulphone drugs . Papers by Dr .  Teichmann and Dr .  Roy were also 
given on hydnocarpus oi l . These papers were fol lowed by a 
stimulating discussion on the part of various members . 

In  Session 2 the Control of Leprosy was discussed and in the 

third session the histopathology and classification of leprosy. It 
is  obvious , from this last session , that a great deal more work 
and clarification is necessary before we can come to any established 
basis for classification which will be both international and 
permanent .  I t  is  obvious from the findin;gs o f  th is  Congress that 
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India i s  facing the p ro b lem o f  leprosy with considerable anxiety , 

zeal and aptitude, and this whole n u m ber could be studied with 
profit by l eprosy administrations in other territories . 

Injection of slt/phetrom and dielsolle in leprosy by Dr .  S. N .  
Chatterjee . The author used a 3'3  per cent solution o f  both 
sulphetrone and diasone ,  working up from I to 5 c . c .  intra
muscularly twice a week . This method is considered definitely 
more economical and less toxic than when these drugs are given 
ordinarily, and the author s uggests that more extensive trials of 
this method should be used . 

GeneraL principles in "he freel/1I7ent of leproJ] with ptirtiClilar 
reference /0 the sIt/phones by Dr .  R .  G .  Cochrane .  This is a vigorous 
study of Dr. Cochrane ' s  views on the use of sulphones , and the 
author 's  intentions and feel ings make i t  worthy of  the closest 
study . I t  is not everyone,  however, who wil l  agree that " no case 
showing neural macules, tuberculoid or neural anaesthetic lesions 
should be given sulphone therapy . "  The author ends on a 
timely note of warning against undue optimism and lack of  
perspect ive .  

Some brief comments on the  c/aSJification of  leprosy by Dr .  R .  
G .  Cochrane .  I n  this  study Dr .  Cochrane proposes one or two 
changes . He introd uces the term " Dimorphous Leprosy " to 
describe the border-line case . He would then a l ter the South 
American uncharacteristic classification and use this latter phrase 
for the pre-lepromatous macule . He also advocates the avoidance 
of  the terms ' neural ' and ' tuberculoid . ' 

Lejlfosy tlnd its relief in fhe industrial t o wn of Jamshedpttr 
by Dr. B .  Dalal . This is an important steel centre in Bahar with a 

total incidence of leprosy of 4'9 per cent per thousand .  The work 
of a leprosy c l inic is briefly described , and the need is stressed for 
an agricu ltural colony . 

A note on the histopathology of leprosy by Dharmendra . The 
author summarises as follows : 

1 .  A plea is made for c reating interest in histological studies in  
le[Jrosy on a wider scale in India ,  though qf course priority sho uld be 
given to the studies on treatment and control of the disease . 

2 .  A description is given of the typical findings generally met with 
in the ' simple ' or ' u ncharacteristic ' tuberculoid,  and lepromatou s  histo
logical pictures, and in the borderl ine , intermediate , or doubtful gro up 
it i s  pointed out that a particular h istological picture, with perhaps the 
exception of  the lepromatous  histology , is not confined to one particular 
clinical variety of the d isease . 

3 .  In the tuberculoid and lepromatous histology, certain  fi ndings 
may sometimes be seen which are not typ ical of the respective type , b ut 
the subsequent course of the disease in a long-term study of selected cases 
has shown that these variations are not of any special significance . 

4 .  It is suggested that c lassification of leprosy shou ld  not  be based 
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pr i mar i l y o n  histo logy . .I n  the op i u ion of the wr i l<' r the usc o f  histo l ogical  
l � r m s  to i l l d icate c l i l l ic a l types resu l t �  i l l  c o n f u s i o n  i n  I l lany i nstances .  

SOlli e comments 017 the c/clssijic?ltioIJ of /epros)1 recom/ll ended by 
the HCll 'C/I1C/ Congress by Dharmendra . This studies the c lassification 
which was recommended by the Classification Committee of the 
Havana Congress , and which was subsequently rejected at a general 
meeting . The author summarises his views in the fol lowing 
conc l usions : 

" I t can then'Jore be conc l u ded that the rec o m m e l l d a t io n s  of the 
Classification Com m ittee of the H a v a l l a  Con gress mark an improvemen t 
in certa in  respects over the Cairo Classifi c a t i o n  aI llI the Pan-American 
Classifi cation , but  that i n  certain other respects they introd uce features 
which create more d iffi cu lties. The recommendations merit  serious con
siderat ion  o f  al l  workers,  and i f  i t  is  possible to remedy the defects, t hey 
c a n  form the basis o f  a u n iversal c l assification . 

" Hcgarding the m a i n  c la ssi fication ,  the conception o f  two main 
types and a ' grou p ' appears to be a cceptable to all ,  the only di fTerence 
of opinion is about  the term ' tuberculoid ' used to designate one of the 
main types . A search has to be m a de to fi nd a more suitable and less 
o bjectionable term , though it  appears to be a diffic ult  task to find a word 
l ikely to meet genera l approval .  To the writer the term maculo
anaesthetic a ppears to be less objectionable ,  the main objction against it  
being that the term macule  in general dermatology refers only to a fiat 
patc h .  However, leprosy workers are fam i liar with its u se in a wider 
sense as it is  bein g  at  present used to designate both the l Iat al ld thick 
patches of the neural type ( vide the term neuro-mac u lar ) . If the term 
maculo-anaesthetic or some eq u ivalent term is acceptable, then the cases 
with purely polyneurit ic  changes without any skin lesions wi l l  have to 
he taken out from this  type and placed in the ' indeterminate ' group . 
This arrangement has much to be said for it beca use 011 the one hand 
there i s  considerable amo unt  of j u stification,  oince the prognosis i n  purely 
polyneuritic cases i s  u ll certa in ,  and secondly, it  will do away with the 
difficulty of splitting up  such cases into t uberculoid,  lepromatous,  and 
indeterminate (or  alternately t hese purely polyneuritic cases may be 
placed i n  a separate class but that would mean 4 main c lasses in place 
of 3 ) . 

Hegarding the cl inical subdiv ision of the main types the main changes 
which appear to be necessary would be to find a place in the indeterminate 
group for the thick borderline ,  intermediate , or u nclassified patches of 
leprosy and , as su ggested above , to do away with the terms l ike tubercu
loid-polyneur itic , lepromatous-polyneuritic , and intermediate-polyneuritic . 

Accord ing to the above suggestions the three main classes ( 2  types 
and T group)  would be maculo-anaesthetic ,  lepromatous ,  and indeterminate . 
In t he maculo-anaesthetic ,  there wil l  be inc luded f lat and t hick patcbes 
of the present nenro-macular variety; in the lepromatous ,  the vari<?us 
cl inical varieties in this  type ;  and in  the indeterminate the fiat ,  and thick 
patches ( not covered by the maculo-anaesthetic or  the lepromatou s  types) , 
and the p urely polyneuritic cases ( i n  case the purely polyneuritic cases are 
placed in  a separate class, the number of  classes wil l  be 4 and of course 
these cases will  be exc luded from the indeterminate group ) " 

Some observations on the treatment of leprosy with the Sltlphone 
dmgs by Dharmendra . The author points out that the use of 
sulphones in leprosy is now established beyond the experimental 
stage . Dr. Dharmendra' s  main plea, however, is for a scientific 
trial of  combined treatment with sulphones and hydnocarpus oil . 
( Such a trial of the two main drugs known to be efficacious in 
leprosy is by now overdue , The experiment should be made under 
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the aegis of an e fficient seienti tic body such as the Indian Council 
of the British Empire Leprosy Relief Association . It might even 
be preferable if combined experiments were carried out on the same 
scientific basis by authorities in such different territories as India , 
Malaya , East Africa and West Africa . Only by a correlated study 

of such experiments can we arrive at authoritative conclusions on 
the most effective methods of leprosy treatment .-Ed . ) 

If tomorrow we were Sltre of a' specific for leprosy ? by T .  N .  
Jagadisan . This article is a deeply moving account of the human 
problem in leprosy, pointing out that the mere introduction of  a 
remedy cannot by itself remove the human misery and stigma of 
the disease . I t  is a plea for a wide scale campa..i;gn of education, 
prevention and rehabil itation . In the author ' s  own concluding 
words : " I like to think that a specific ( cure for leprosy) would 
throw out a wider challenge and show leprosy to be what it I S ,  

a test of social sincerity, and that we shall answer the challenge 
and obtain the victory .  

Control o f  Leprosy b y  D r .  E .  Muir .  In  this article D r .  Muir 
summarises his well known views on the social steps which should 
be taken to prevent the spread of leprosy . He suggests that there 
are seven factors in India which facilitate the spread of the disease 
-concentration and increased contact due to migration and move
ment of population , congested housing, defective cleanliness , defec
tive diet, the weakening effects of other diseases , climate , and 
lastly, ideas and attitude . He advocates a widespread campaign 
of increased knowledge to replace the superstition and dread of the 
disease which at present exists . This could be done by v illage 
societies in whom he believes the hope of the future of  the new 
India rests . 

Welfare work for leprosy patients by Shri N .  Ramakrishnan . 
This article deals with the very pressing problem of the psycho
logical and physical rehabilitation of a patient .  The task of the 
actual leprosy settlement is dealt with under the headings of 
vocation,  effective treatment , health , education and social l ife .  The 
task of dealing with out-patients is dealt with under care of family, 
follow-up, rehabilitation , out-patients and publicity and propa
ganda .  This is a carefully written paper and deserves attention . 

Leprosy in CaiClltta by Dr.  P .  Sen . The leprosy problem in 
India has, in the past ,' been considered mainly from the point of 
view of its rural aspect .  Urban leprosy has not so far received 
the attention that it merits . This is possibly due to the fact that 
surveys are very much more easily conducted in villages than in 
cities . Dr. Sen ' s  contribution in this article therefore is extremely 
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welcome . The  number of cases o f  leprosy in Calcutta ,  with a 
population of roughly four mil l ion , is variously estimated as 
between 20, 000 and 40, 000 . The author pleads the very great 
ser iousness of the problem of leprosy in Calcutta , and the richness 
o f  the field for the study of epidemiology and control . He sum
marises as follows :-

1. Even though the inc idence of  lep rosy is  low in Calculla, diiIusioll 
o f  leprosy and popu l ation pressure per square m ile i s  highest in the 
province .  He llc, "  the risk of spread of the disease is considered greatest 
in the city,  particu larly under the p revail ing conditions of acute housing 
shortage , extreme congestion in transport services, unawa reness of com
I l lunicabi l ity of leprosy and ma ln utrition .  

2 .  Ca lc u tta i s  considered em inently suitable for the proposed All
I n dia Leprosy I nstitu te and the gro unds thereof are ind icated . 

3 .  The urgency of the problem calls for a comprehensive undertaking 
of mpasul'('s for con trol and treatmen t of the d isease by the authorities . 

. , .  Leprosy bei n g  a long-term sickness entail ing a large expenditure 
of money , advisability of exploration of sharing the burden between the 
Provincial and the Central Government is suggested . 

5 .  In a c ity like Calcutta private generosity, if properly c analized , 
should be a great help in grappling with the problem . 

International Journal of Leprosy, Volume 16 ,  NO . 3 , July
September, 1948 . 

HaelJlaloiogic Study of Leprosy Patients Treated with Diasone, 
by Drs . J .  M .  M .  Fernandez , E .  A .  Carboni, Pedro Tommasino 
and M. M .  Gimenez . This is an important study of the red cell 
a lterations occurring under diasone therapy, with a comparison of 
patients treated with hydnocarpus oil . This is the authors ' 
summary :-

" The c l in ica l  symptoms ,  f req uency and relation to intensity of  
treatment, and the course of the anaemia produced by diasone are des
cribed . I t is shown that the c han ges ill the blood picture are l imited to 
the red blood count , wi thou t disturbance of other components . The 
anaemia begins early in the first weeks of treatmen t  and as a general 
rule abates w ith complete recovery during the periods of rest from the 
drug.  

Investigations made i n  the treated patients have included the 
retic u locytosis , u rouilinuria, bilirubinemia, and red blood cell resistance; 
the resu lts of biopsy of the uone marrow in certain cases are also given . 
The find ings show that the anaemia i s  IlOt due to a toxic action of the 
drug  in the bone marrow ,  since there is good reticulocyte response in all 
cases and no leucopen ia;  furthermore, bone marrow biopsy shows a normal 
or increased erythroblastic activity, and granulopoiesis in also normal 
or i nc reased.  It  is therefore deduced that the drug acts  as a haemolytic 
toxin,  as shown by the decrease in the red-blood -cell resistance, the 
presence  of urobilin in the urine of almost al l  the cases , the absence of 
bi le  pigments in  the urine, of direct bilirubin i n  the blood , and the 
absence of indirect bil irubinemia i l l  the great majority of cases . 

Taking these facts into account adequate therapeutic measures, based 
on clinical experience,  are suggested . 
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CON C L U S I ON S ,  

A s  a result o f  this study w e  have come t o  t h e  following 
conel usions , 

1 .  Diasone produces a n  early anaemia,  which begins in the 
second week of treatment . 

2 .  The anaemia i s  probably d ue t o  a toxic haemolytic effect 
on the drug, because : ( a )  there is a del1nite decrease in the red-cell 
r esistance ; (b) urobilin is consistently found in the urine ;  ( c )  bile 
pigments are not found in the ur ine ; and ( d )  the indirect bilirubin 
determination has proved negative in almost al l  cases . 

3 .  The anaemia is not due to a toxic effect  on the bone 
marrow ,  because : ( a )  there is a satisfactory reticulocyte response 
in all cases ; (b )  bone-marrow biopsy shows normal or increased 
erythroblastic ac tivity ; and ( c )  granulopoiesis also is normai or 
increased . 

4 .  The toxic effect is transitory, as shown by the fact that the 
blood changes disappear when the drug is withdrawn .  

S .  Clinical exper ience has  shown that the  anaemia is usual iy 

benign and seldom requires interruption of the treatment . 

6. Use of the common antianaemic remedies-iron liver and 
vitamin B complex-produces a favourable reaction,  increasing 
the tolerance of the organism for the drug . "  

Effects of Sit/phone Treatment o n  the Ltlrynx in Leprosy, 
by Dr.  N .  R .  Sloan . The author points out in this brief article 
that laryngeal improvement is one of the mos t dramatic results o f  
sulphone therapy, w hatever form of  sulphone is used . He 
concludes :-

" I mprovement of laryng" i 1 1  kEions is one of the most s t r i k i n g  resll l t3 
of s u lphone treatment,  pe rhaps the most str i k i n g  one . T h e  reasun fur 
this is u nd ete rmined;  possib l y  i t  is the 'genero u s  vasc ula r supply . I t  
appears to m a ke n o  d i JIerence w h e ther the d r u g  i s  pro m i n  or d iason e ,  
i f  it is u s e d  i n  adequate dosa ge o\'cr a s u ffi c ient period o f  t i m e ;  a n d  i m 
provement m a y  be seen i n  o n l y  a fe w weeks o r  m o n t h s .  \Ve feel th a t  
patients w h o  are begi n n in g to s h o w laryngeal d y spnea sh o u l d  hc ca refu l l y  
watched f o r  t h e  first months u f  treatment,  s o  t h a t  emergency tracheotom y 
may be performed if necessary; b u t  o ften it may be avoided . It is o u r  
firm co nvicti o n  t h a t  t h e  response of laryngeal lesions t o  treatment w o u l d  
justify u s e  of t h e  sulphones e v e n  if  n o  other benefit  were derived from 
them . 

S U MMAR Y .  

The s u l p h o nes-pro m i n  a n d  d iasone-are u f  great va l uc i n  the care 
of patients s u fTeri n g  from l epro mato u s  laryngeal involvement,  both in 
t h o se who have n o t  requ ired tracheotomy a n d  i n  those w ho are wearing 
trac heal tubes. I n  a n  experience o f  less than two years with these drugs 
a t  the Kalaupapa Settlement,  9 patients h ave been able to remov e tubes 
as a resu l t  'of that treatment,  and at least two ( perhaps 5) have been 
saved from tracheoto m y . The last death from the c hronic bronchitis  
which follows tracheotomy was in February,  1 94 7 ;  the last tracheotomy 
\\'as  in Ma y ,  1 <).1 7 . "  ' 
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The Intradermct/ Metholy! Test for AnidrosIs ,' A DiagnostIc Aid 
jn Leprosy, by Dr. Harry J .  Arnold ,  Jr .  The author describes the 

technique of the metacholine test ,  and the following is an extract :-

" Th e  method of pe rform i n g  t h i s  test ( 1 ) ,  does not di ffer i n any 
essential respec t from that emp loyed by earl ier  workers , except t h a t  i t  
i n v'Olves ( a) t h e  use 'O f metac h o l i n e, w h ich is a relat i vely stable and 
readily available  su bstan ce , a n d  ( b )  the dem'Onstrati'On 'Of t h e  sweat 
resP'Onse in contr'Ol  areas o utside t h e  lesion by iVlinor ' s  method . 

The materials requ ired fo r t h� test are as fol lows:- ( I )  a bottle of 
Minor ' s  sol ution ( c rystalline i o d i n e  2 grammes,  castor 'O i l  10 cc. absolute 
alcohol to m a ke [ 00 cc . ) ;  ( 2 )  'Ordinary co tton appl icators for app l yi n g  
i t  to the s k i n ;  ( 3 )  metacholine c h loride in L p e r  c e n t .  a q u e u s  solution 
( conveniently prepared from a 25 mg. a mp o u l e  of macholyl chloride by 
d isso l v i n g  it  i n  2 . 5  c c .  of steri le  sa l i n e  in a r u bber-capped vaccine bottle ) ;  
( 4 ) a hypodermic syringe gra d u ated i n  0 . 0 1  CC . ;  ( 5 )  a 26 gauge,  one

half i n c h  h y po derm ic need le;  (6) dry ga uze for blotting o ff t he drop 
of solution w h i c h  bac k- leaks fro m t h e  i n jectio n site ; ( 7 ) pow dered starch 
( ordinary co rn starc h see ms to be q u ite as satisfactory as the r i c e  starch 
powder rec ommended b y  Minor;  an d  ( 8 )  a powd er - blo w er type of atomizer 
for application 'Of the sta rc h . 

The lesion or area to be tested , p l u s  a roughly e q u a l  area of adjacent 
normal skin , i s  first pain ted w i th M iner ' s  solution ; t h i s  will  d r y  rapidly. · 
b u t  it is not necessary to wait f'O r it to do so . Approximately 0 . 05 to 
o.  I cc.  of metac h o l i n e  c h loride s o l u t i o n  i s  t hen injected i n t radennally 
at the border of the lesi o n , so t h a t  the e l e vated w heal w i l l  be partly 
i n side a n d  partly o u tside the i n v o l v ed a rea . I n  l a rger lesions two 
additional injections may be made,  one entirely w i t h i n ,  t h e  o t h e r  entirely 
witho ut,  the lesio n .  T hese merely make t h e  demon stration more d ramatic 
and i n  general add l i t t le t'O the ease of i n terpreting the test . The droplet 
of sol u tion that l e a k s  back from the i n j ection site s h o u l d  be ge n t l y  blotted 
( not w iped ) o f  I, and the w h o l e  a rea q u i c k l y  a n d  l i g h t l y  d u sted with 
powdered starc h ,  blo w n  fro m the atomizer.  

\Vith i n  a few sec o n d s ,  also , sweat d roplets w i l l be gin to ap pear a t  
t h e  mo uths of t h ose s w e a t  glands w h ic h  a re sti l l  functionally intact . They 
moisten t h e  dry w h i te-over-tan iodine-sta r c h  combination , which 
i mmediately turns deep. b l ue-black and re m a i n s  so .  This  c learly visible 
sweat secretion spreads rapidly over a n  area concentric w i t h  t h e  in tra
dermal wheal , to a radial distance 'O f  about I to 3 cm. The response 
reaches its m a x i m u m  w i t h i n  two o r  t h ree m i n u te s .  

If m o r e  t h a n  t h ree i n j ections of o .  [ c c .  a r e  made , the patien t  may 
experience transient syste m ic disco mfort from the absorption of meta
choline . I f  the dose does not exceed , say , d'O uble that amo u n t ,  the result 
i s  a l most a l ways l im ited to genera l i zed swea t i n g ,  fl u s h i n g  o f the face, 
some salivation and sl i ght m a l aise . Urination and defecti'O n m ay ' be 
st i m u l ated by larger doses, o r  i n  the rare ly-enco u n te red h y persensitive 
i ndividual . Atropine , i n  the usual therape u t ic doses given by hypodermic 
injection , i s  the prec i se p harmaco lo gic antidot e . " 

Report of Leprosy LeSIons of the Fundlts, by Dr.  David C .  
Elliott . This is a most interesting clinical account o f  a case with 
leprous lesions in the posteror segment of  the eye . This appears 
to us to be an original advance in our know ledge of the evolution 
of  leprotic ocu lar lesions . The author ' s  summary is as follows :-

[ .  I n  a case of l e prosy cla ss i fied as o f  a d v a n ced lepro ma to us type , 
a n a c u t e  oc u la r  d i s t u r b a n c e  res u l ted i n  an exam ination w h ic h  d i sclosed 
lesions o n  the f u n d u s ,  \\' h i c h  a r e be l ieved to be l e p r o m a t o u s  in c h a racter .  
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2 .  These les ions are identical  oph thalmoscopic ally with those seen 
on  the iris in this pat ient  and in others; ir,is lesKms of this kind have 
been h i sto logic a l l y  proven to be true lepromas.  

J .  The re latively tra ns i en t ' charac ter o f  these . .  pearl . .  formations ,  
both  on t h e  iris and on t h e  fundus ,  is  i l l ustrated by t h i s  case , in which 
these lesions  have developed and receded within a period of eight monthE 
of observation . 

4 .  I t  is believed that u nless such  an eye could , be obtained 
accidental ly  at the time such a manifestation is observed clinically,  
h i stological confirmation of the nature of these lesions wi l l  be difficult to 
obtain . There may be no distinct pathological condition remaining to 
be observed in the eyes w h ich  come to examination many years after tht 
acu te process has passed . "  

A Comparative Study by Electron Microscopy of the j'vlorpholog), 
of iHycobacteri1l1n Leprae and C"ltivable Species of Mycobactericl . 

by Drs .  F .  W .  Bishop, L .  G .  Suhrland and C .  M .  Carpenter . 

The Effect of Fixatives on Staining Procedures for Lepra Bacitti 

in Tissues, by F .  Leon Blanco and G .  L .  Fite . In this brief article 

it is recommended that for a demonstration of  leprosy bacilli in 

paraffin sections the following are recommended ;- (a )  Fixation 

in Zenker ' s  fluid ; ( b )  the use o f  thin blocks, with minimal time in 
dehydrating and clearing fluids ; ( c )  staining by the oi l  fuchsin 

method ,  and ( d )  mounting in one of the modern synthetic 

mediums, ' c1arite ' or ' permount , ' never in  balsam . 
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