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The treatment of tubercu los is w i th  " Et i su l" (d iethyl d i th io l  isoph­
thaI ate) was shown by Davies and Driver ( 1 956/7) to be h ighly 
successfu l  and th i s  suggested that it m ight also be usefu l  i n  the treat­
ment of leprosy. The in i t ia l  c l i n ical tr ia ls  in cases with leprosy were 
carried out  by Davey and Hogerze i l  ( 1 959) by i n unct ion through the 
skin and they found t he drug to be a usefu l  chemo-therapeut ic agent .  
Although i t  has not proved to be un iversal ly successfu l in  the treat­
ment of all cases and has certa in  drawbacks, there i s  no doubt that 
i t  has a place in  the t reatment of leprosy at the moment .  For this 
reason i t  was considered worth whi le to determ ine whether one or 
more of the t issue components in  the skin had a part icu lar affin i ty 
for the drug. The work of Snow ( 1 959) has establ ished that 35S­
label led d iethyl d i su lph ide can be detected i n a l l  body t i ssues by the 
assay method after e i ther subcutaneous inject ion or oral adm in istra­
tion in m ice and gu inea pigs. To map the d istri but ion of "Eti su l" i n  
human sk in  a 35S-label led preparation was used in  t he  treatment of  
fou r  patients with leprosy and  sk in  b iopsies taken at various in tervals 
following its inunction . These were sectioned in a plane vertical to 
the surface and the posi t ion of t he radio-act ive molecu les determi ned 
in relation to the various sk in  layers (and the t i ssue elements wi th in  
them) by autoradiography . 

Material 

Four cases of leprosy wi th  commonly encountered forms of the 
disease were selected from among the leprosy pat ients of the S udan 
Interior Mission leprosy sett lement i n  Katsina, Northern N igeria .  
Three of the cases were u nder treatment with dapsone and one with 
sutphetrone and aU appeared to be responding more or less satis­
factorily to treatment as j udged cl in ically. None had as yet been 
treated with "Etisul". 
Case 1. (No. 130) 

A mate aged 30 who was admitted with dimorphous leprosy i n  
1 956 and, despite treatment, i n  1 959 his ulnar had become sufficiently 
involved to requ ire neurolysis. 
Case 2.  (No. 1 3 1 )  

A male aged 3 8  who was admitted with mult i ple d imorphous 
patches in 1 960. 
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Case 3. (No .  1 32) 
A male aged 25 who was admitted 3 months previously with a 

si ngle hypo-pigmented patch over h i s  face which had almost com­
pletely disappeared at the t ime of examination . 
Case 4. ( No .  1 33) 

A male aged 27 who was admitted in 1 955 with lepromatous  
leprosy. H is response to treatment was low and he went into "reac­
t ion" as soon as the dose of dapsone was i ncreased sufficiently to 
become effective. For this. reason sulphetrone therapy had to be 
subst i tuted in 1 959. 

Method of Treatment with "Etisul" 

The sk in  covering the arm and forearm on one side of the body 
was scrubbed for 10 minutes with a soft nai lbrush in soap and water. 
It was then examined cl inical ly .  Sk in  lesions of any k ind were 
recorded and the state of the u lnar, median and radial nerves was 
determined by palpation .  A suitable area was chosen for taking 
biopsies and the sensory activity of the sk in  carefully determined. 
4.6 ml of "Et i su l" contain ing 50 flC of 35S was then brushed over 
the shoulder, the extensor surfaces of the arm, forearm and hand. 
The concentration of 35S was wel l with in  the l imits of safety laid 
down by the I nternational Commission for Radiological Protection, 
according to which 1 00 flC of 35S i s  the maximum permissible dose, 
assuming that 1 0 %  of the i n itial  dose wil l  be concentrated i n  the 
skin .  

3 four-mil l imeter punch biposies were taken from each patient at 
3 ,  6, and 24 hours after the application and fixed in neutral formalin 
for 1 3  days .  Each specimen was then cut in half: one half being 
embedded in wax and cut into sections which were stained either 
with haematoxyl i n  and eosin or with carbol-f1.lchsin by the Fite­
Faraco method. The other half was cut on a freezing microtome into 
a series of 50 sections which were mounted serially, alternate sections 
being prepared for autoradiography and silver-staining for nerve 
fibres .  The sections desti ned for autoradiography were briefly washed 
in  d ist i l led water and transferred to microscope sl ides on which there 
was a th in  layer of gelat ine and allowed to dry .  They were t hen 
covered with Kodak auto radiographic Stripping, AR . lO,  and left in 
the dark for periods of I, 2, 6 and 8 weeks, then developed ,  fixed 
and stained with either haematoxyl i n  or toluid in blue. 

Observations 

For the purpose of this investigation skin was removed from a 
selected (standard) area on the back of the forearm in every patient 
so that the basic histological and neurological patterns would be as 
comparable as possible from one case to another. 
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PLATE J 

FIG. 1 FIG. 2 

FIG. 3 FIG. 4 

FIG. 1 Case 1 (130) A single nerve fibre accompan ied by large Schwann 
nuclei in an en larged sheath of Sch wan n .  
50(.1. section, stained Bielschowsky Schofield .  x 550 

FIG. 2 Case 1 (130) Autoradiograph of a hairshaft ,  cut  slight ly obliquely, 
showing an accumulation of siJver particles between the shaft and the 
external root sheath in a section from a biopsy 3 hours after treatment .  

x 550 

FIG. 3 Case 2 ( 131) Autoradiographs of the sweat gland ducts, cut trans­
versely, the l umen and some of t he ceUs out lined by silver particles. 
Some silver particles are also outlining cel ls in the connective tissue 
around the ducts. Section from a biopsy taken 24 hours after treat ment. 

x 550 

FIG. 4 Case 3 (132) Autoradiograph from a skin biopsy taken 3 hours after 
treatmen t .  Silver particles are concentrated over the outer root sheath 
and are also seen outl ining individual cel ls.  x 1300 
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Case 1 
At t he t ime of exami nation  the patien t appeared i n  good health 

and had no s igns of "react ion" to the dapsone  he was taking. 
Following t he str ipping of h is  u lnar  nerve 9 months previously t here 
had been a steady i mprovement in t he strength of his hand and at 
the t ime of exami nation on ly s L ight weakness and wast ing of the 
ulnar m uscles was observed. However, sensory acuity was consider­
ably d imin ished over the dorsal surface of his forearm . The biopsy 
was taken from the area already selected as standard. This removed 
ski n  showed no outward s igns of di sease whatever. In sect ions sta ined 
with haematoxyl i n /eos i n  however there was a sub-epidermal cellular 
infi ltrate and the neuro-vascular bundles were heavi l y  i nfi ltrated with 
celis, as were the sk i n  struct ures related to sk in  appendages. The 
infiltrate was com posed of epithelioid cel l s, plasma cells and lympho­
cytes. In some portions  of the neurovascular bundles there was con­
nective t issue prol iferat ion and aggregat ions of fibroblasts. Tn  the 
sect ion stained wi th carbolfuchsin there were no acid-fast bacill i to 
be seen.  In  the sect ions sta ined wi th silver many regenerating  nerve 
fibres were to be seen but relatively few degenerat i ng  ones. The 
Schwann sheath and the Schwann n uclei were enlarged (Fig.  I) . 

The autoradiographs made from sections of the biopsy taken 
three hours after appl icat ion of 35S-labelled Etisul revealed that 
radio-active particles had been concentrated between the hair shaft 
and the external root sheath (Fig. 2) and in  mast cel ls  accompanying 
the superficial blood vessels j ust beneath the epidermis. In  sect ion 
from biopsies taken 6 hours after application the radio-active par­
t icles had concentrated in  the cells composing the sub-epidermal 
i nfi ltrate and also in the cells forming the coils and ducts of the sweat 
glands . In sect ions  taken 24 hours after appl ication the radio-active 
particles were aga in  seen concentrated in the cells of the sub-epi­
dermal infiltrate, as well as those surrounding the neuro-vascular 
bundles. Concentrat ions  of radio-active particles were also seen in 
the cells compos ing the outer root sheath of hair fol l icles and on the 
whole act ivity was greater than in the two previous biopsies . 

Case 2 
This patient sti l l  had a depigmented macule on the extensor 

surface of his left forearm but the majority of those present  on 
admission were now no longer visible. Sensory testing showed that 
the area of depigmentation on the back of the left forearm was 
completely anaesthetic to light touch. 

The sections from the biopsy taken from the selected zone of the 
forearm (which happened to be within the depigmented area) stained 
with haematoxylin/eosin showed small patches of sub-epidermal in­
fi ltrate as a sl ight aggregation of cells around the neurovascular 
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bundles. The sub-epidermal i nfi ltrate consisted mainly of macro­
phages containing melan in  granu les as well as n umerous  mast cel l s .  
No acid-fast baci l l i  were seen in  the  sect ions  stai ned wi th  carbol 
fuchsin .  The sect ions sta ined with  s i lver t hat t here were no nerve 
fibres j ust beneath the epidermis  and in the deeper layer of t he 
dermis there were seen nerve bundles contai ning  on ly  fine axons 
and many empty Schwann tubes. 

The autoradiographs made from sect ions  of the biopsy taken 
three hours after the appl icat ion of 35S-label led Et i su l  showed that 
there had been a concentration of radio-active particles t h roughout 
t he sub-epidermal region which contained the cel l u lar i nfi l t rate and 
also to  a lesser extent i n  the connective tissue zones which contained 
no advent i tial cel l s .  ] n the autoradiographs from sect ions taken 6 
hours after t reatment, radio-act i ve part icles were most concent rated 
in tissue mast cel l s  in the dermis and in cel l s  forming  the sweat gland 
coi ls  in the deeper layers of the dermis .  At  24 hour s  after t reatment 
radio-acti ve part icles were found to be denser i n  the cel ls  of the sub­
epidermal i nfiltrate than had been the case i n  sect ions from the two 
previous biopsies, and particles were aga in  concentrated in  the cel l s  
of the co i l s  and duct s of  the sweat glands ( Fig .  3 ) .  

Case 3 
The patch on the pat ient 's  face was only j ust v isible and no other 

clin ical s igns of leprosy could be detected . Sensory tests over the 
back of the right forearm showed a sl ight but s ignificant degree of  
misreference when compared with that found i n  th i s  region in  average 
normal subjects, but t here was no anaesthesia to l ight  touch. Sect ions 
from the biopsy stained with haematoxyl i nJeosin  showed that t here 
was a small i ncrease in the number of cel l s  surrounding all the neuro­
vascular bundles in the dermis; those stai ned with  s i lver showed a 
full complement of nerve fibres but the Schwann cells were larger 
than normal .  Some of the deeper nerve bundles contained a few fine 
axons which had clearly regenerated and they also contained a 
number of empty Schwann tubes .  No  acid-fast bacil l i  were seen in 
the carbol-fuchsin stained sect ions .  

The autoradiographs from sections of the b iopsy taken 3 hours 
after treatment showed that there was a concentration of radio­
active particles surrounding the shaft of the hair i tself, but there was 
also a concentration around the cells forming the outer root sheath 
(Fig. 4) and t he individual cells were outlined by particles of exposed 
silver. After 6 hours treatment biopsies showed that radio-activity 
was almost entirely confined in and around mast cell s  and other 
cells seen in the connective t issue forming the dermis .  After 24 hours 
treatment the picture was s imi lar but the concentration of radio­
active particles was far denser. In addit ion ,  radio-active particles 
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PLATE n 

FIG. 5 FIG. 6 

FIG. 7 FIG. 8 

FIG. 5 Case 3 (1 32) An autorad iograph from a skin biopsy taken 24 hours 
after t reat ment. S i lver part icles are seen above the cells forming the 
infiltrate in t he dermis. x 550 

FIG. 6 Case 3 (1 32) Autorad iograph from a skin biopsy taken 24 hours after 
treatment. The s i lver particles are concentrated above the nerve 
bundle and t he cel ls forming the neuro-vascular infiltrate. x 550 

FrG. 7 Case 3 (132) The adjoin ing section to that shown in Fig.  6. The si lver-
stai ned preparation shows the same nerve bundle and its posit ion in 
the i nfiltrate . x 550 

FIG. 8 Case 4 (133) Autoradiograph from a sk i n  biopsy taken 24 hours after 
t reatment. Si lver particles are clearly seen above the lepromatous 
infiltrate in the sub-epidermis. x 550 



]4 1 LEPROSY REV IEW 

were now seen to be concentrated in large numbers in t he ducts 
leading from the sweat glands and also in t he ce l l s  form ing the 
infil trate surrounding  these ducts. 

Case 4 
On examinat ion , th is  case showed s igns of diffuse lepromatous 

infiltration  and he had no general ized react ion to su lphetrone. 
Sensory test i ng  over the back of the forearm showed no dim i n ut ion 
of sensory acui ty .  

Sect ions from the biopsy stai ned with haematoxyl i nJeos in  showed 
heavy i n fi ltrat ion of ce l l s  around the neuro-vascu lar bundles and 
around the t i ssues of the sk i n  appendages. T he i nfi ltrate was par­
ticu larly dense around the sweat gland cel l s  of the deeper derm is  
and the i nfi ltrate consisted ch iefly of p lasma cel l s ,  lymphocytes, 
mast cel l s  and fibrocytes. I n  some zones of the i nfi ltrate col lagen 
fibres had been laid down .  No acid-fast baci l l i  were seen in the 
sect ions stained with carbol-fuchs i n .  Sect ions stained with s i lver 
showed that the sk in  was suppl ied wi th  a normal complemen t of 
nerve fibres throughout .  

A utoradiographs from biopsies taken 3 hours after treatment 
showed that there had been l i tt le concent rat ion of radio-active 
particles in the sub-epidermal t i ssues or in relation to  the ducts of 
the sweat glands . 6 hours after treatment t he picture had not changed 
appreciably, except that the radio-act ive particles were now more 
concentrated i n  t he sub-epidermal region . 24 hours after treatment 
the radio-act ive particles were seen densely concentrated in and 
around the cel l s  forming the i nfi ltrate around the neuro-vascu lar 
bundles and fewer particles were seen in the cel l s  forming t he i n fi l­
trate deeper i n  the dermis ( Fig .  5) .  

In an attempt to fol low the distribut ion of radio-active part icles 
in the sk in  48 hours after treatment further biopsies were taken from 
the standard region on the treated s ide and a s ingle specimen was 
also taken from the contra-lateral s ide of t he body. Radio-active 
particles were present i n  smal l  numbers i n  t he cells surrounding the 
neuro-vascular bundles on the untreated side and on the treated s ide 
particles were also present i n  t he cel l s  of the sweat gland coils and 
the cells surrounding the neuro-vascu lar bundles in the deep dermis .  

Discussion 

It is known that the thickness of the epidermis varies greatly from 
one part of the body to another and i t  also seems probable that there 
are slight variations related to sex and age in any given region, but 
these are not very extensive.  Because of this we chose a standard 
area of skin taken from males between the ages of 25 and 37 years. 
The site chosen was the extensor surface of the forearm where the 
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epidermal th ickness is fai r ly un i form throughout, and the density of 
innervat ion is  also un i form . 

, In each case the 35S- label led Etisu l  was appl ied by brush only 
from the shou lder to the back of the hand and the l iqu id  al lowed to 
penetrate the skin without addit ional  i nunction .  Care was taken to 
prevent loss of Etisu l  by keeping the pat ients out of the sun to 
prevent sweating and keeping the arm complete ly at rest in a hori­
zontal posi t ion for 20 m in utes fo l lowing t he applicat ion of t he drug. 
At the end of this time the l iqu id had disappeared from the surface 
of the sk in .  

I n  F ig .  2 wh ich i s  from a sect ion of a biopsy taken three hours 
after the appl icat ion of the drug, t here is a large concentration of 
"exposed" si lver particles between the hair shaft and the external 
root sheath close to the epiderm is .  In other sect ions taken after a 
com parable t ime interval fo l lowing appl icat ion of the drug small 
concentrat ion of exposed s i l ver particles were found i n  t he sub­
epidermal reg ion .  Thi s  suggests t hat the drug enters t he skin directly 
through t he epidermis  and possibly by pass ing down bes ide the hair 
shafts emerging through the epiderm is .  

Six hours after appl ication of the drug the radio-active particles 
had become more concentrated in mast cel ls  and in t he connect ive 
t i ssue elements composing the infil trate. I t  appeared that the con­
centration of radio-activ i ty was always greatest in the regions where 
there was reason to suppose t hat cel l s  were act ively accumulat ing or 
multiplyi ng. 

In cases 1 32 and 1 33 ,  i n  which the sub-epidermal nerve plexus 
was present,  i t  was possible to show that i n  sections from biopsies 
taken 24 hours after t reatment there was a concentration of "ex­
posed" s i lver particles in the posi t ion occupied by these nerve 
bundles . Since they were surrounded by adventit ial cel ls  i t  was not 
possible to determine the relat ionship between .the particles and any 
particu lar nerve element (Figs. 6 and 7) . 

Twenty-four hours after applicat ion of the drug radio-active 
particles were m uch more concentrated in and around the adventit ial 
cel l s  characterist ic of leprosy in the sk in  (Fig. 8) . They had also been 
in h igh concentration in the cel l s  and l umen of the sweat gland ducts . 
This  was also the case after 48 hours .  These findings suggest that 
radio-acti ve particles contained i n  the drug are partly excreted in 
the sweat , but some m ust enter the b loodstream to appear on the 
opposite side of the body after 48 hours.  Lechat ( 1 960) found that 
Et isu l  was excreted i n  the sweat for up  to two days after its i ntitial 
application and thi s  fits i n  well with our own observations .  

The rapid penetrat ion of radio-active sulphur into the skin and 
i ts  selective local i sat ion in  the pathological zones parallels our clinical 
find i ngs with unlabelled Et isul .  In biopsies which we examined from 
patients under treatment with th i s  drug (Jamison, Palmer and Vollum 



143 LEPROSY REVIEW 

1 96 1 )  i t  was the rapid reduct ion in  the number of cel l s  su rrounding 
the neuro-vascular bundles wh ich was so not iceable .  

The radio-active Et isu l  used i n  th is  i nvest igation was generously 
supplied by the I mperial  Chemical I ndustr ies Ltd. 
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