
l � LEPROSY R E V I E W  

SO M E  B L OC H E M L CA L  A S P ECTS 

OF T H E  L E P R O M L N  R EA CT I O N  PATTE R N  

EVO K E D B Y  N O R MA L  L I V E R  P R E PA RAT I O N S  

B y  F .  W .  K .  G ROTEPASS, D . P H I L . ,  and D .  H .  D E  KOCK ,* M . SC .  

Department of Biochemistry, University of Pretoria, Pretoria, 
South Africa 

and 

R. KoolJ "J, M . D . 

West/ort Institution, Union Health Department, Pretoria, 
South Africa 

Introduction 

Many attempts have bcen made to develop a diagnostic sk in  
react ion for leprosy, analogous to the  tubercul in reaction for tuber
cu losis .  Although not  su i table for d iagnostic purposes, t he react ion  
described by  M ITSUDA ( 1 9 1 9, 1 953) i s  now u niversal ly used for the 
classification of leprosy. M ,TSUDA used ant igens prepared from 
leproma's, now cal led " Lepromin" .  He  observed the react ions 
d u ring the first few days and subseq uent weeks  and thus  found the 
marked d ifference of results i n  lepromatous and in tuberculoid 
cases of leprosy. S ince the react ion is  often found to be positive in 
healthy people, no  absol ute value for the d iagnosis of leprosy could 
be ascribed to the test . 

The above-mentioned late reaction is called the " M itsuda 
reaction "  and has found world-wide application .  I ts maximal i n ten
sity i s  usually reached between the third and fourth week after 
inject ion .  Apart from the late reaction an earl ier reaction can be 
observed between 48 and 72 hours .  At fi rst this react ion was regarded 
as non-specific, but FERNANDEZ ( 1 940) stated that this early react ion 
(" Fernandez reaction") coincides i n  i t s  results  wi th  the late react ion  
in  the majority of cases .  

As lepromin is composed of dead leprosy bacil l i  and human t issue 
from the host i t  is of the  utmost i m portance to  know which role i s  
played by the baci l l i  and (or) t he tissue elements in  the lepromin  
reaction .  A few workers have attem pted to isolate the  antigen ic  
fraction  of fraction s  from lepromin . RABELLO, THIERS AND VI LLELA 
( 1 938) reported the isolation from lepromatous tissue of an active 
non-lipid substance, probably of protein nature .  DHARMENDRA 
( 1 948) expressed his doubts as to whether the above antigenic 
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fraction contains prote in  of the baci l l i .  PARAS ( 1 943) isolated the 
major l ipid components of lepromatous nod ules and H ENDERSON 
( 1 940) isolated protei ns from lepromatous spleen .  Tests were carried 
out with these preparat ions  and only weak Fernandez react ions  
were seen .  

DHARMENDRA ( 1 948) reported a detai led s tudy on  this subject . 
He  isolated various chemical fractions and tested the protein ,  
polysaccharide, glyceride, phosphatide and wax substances .  He  
concluded : 

( l )  That i n  the  lepromatous nodu le, only the baci l lary matter i s  
antigenic.  

(2)  The bac i l l i  prod uce both the Fernandez and M i tsuda 
reactions .  

(3)  The l i pids from the nodule showed s l ight act ivity, but  th is  i s  
bel ieved to be  caused by  t races of baci l lary matter. 

(4) The nodular t issue freed from baci l l i  i s  not ant igenical ly 
act ive. 

(5) Of al l  the fract ions isolated fro m  the baci l l i ,  on ly  the protein 
fract ion i s  posit ive, prod ucing only the Fernandez reaction .  

Other workers have post ulated the existence of two d ifferent  
substances, one for the Fernandez and the other for. t he M itsuda 
react ion . From the above it i s  clear that the findings of the various 
i nvest igators are very contradictory. 

KoolJ AND G ERRITSEN ( 1 956, 1 958) showed that positive lepromin
l i ke reactions could be evoked wi th a suspension prepared from 
normal t issue not containing leprosy bacil l i .  

I n  Table A some of  their results are shown .  
Kooij and  Gerritsen who  chiefly concerned themselves with t he  

M itsuda reaction, assu me tha t  the  presence of particles i s  essential 
for this reaction .  For further particulars see KoolJ et af ( 1 956, 1 958,  
1 959). This  lepromin- l ike activity of normal t issue suspens ions was 
recently confirmed by DAVEY AND DREWETT ( 1 958) .  

One m ust dist inguish between two types of epi the l io id cel l  
reactions .  The first  which gives epithel ioid cel l  reactions i n  both the 
lepromatous type and tuberculoid type of leprosy as was shown by 
Kooij and Pepler (in press) for BeG. The second produces only an 
epithel io id cel l  react ion in tuberculoid leprosy and no reaction or 
only very weak in  lepromatous leprosy. The latter we cal l the 
lepromin reaction pattern,  wh ich can be evoked by lepromin,  and by 
certain suspensions of normal t issue and by Kveim antigen.  

Purpose of the Investigation 

The aim of the present investigation was (a) to find the active 
constituent in normal human l iver which prod uced the lepromin 
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TABLE A 

Average read ings in m m .  with various preparations from normal 
h u man l iver .  

Prep. 

N ( 1 9)*  
0 ( 1 5) 
V ( 20) 
W ( 1 5) 

N ( 1 0) 
0 ( 1 6) 
V ( 1 5) 
W ( l 6) 

48 h,.s. 

1 . 9 
4 .3  
3 . 6  
8 .0  

3 . 8  
5 .0 
2 .6  
3 .9  

TUBERCULOI D LEPROSY 

I week 2 weeks 3 weeks 

1 . 7 1 .9 0.9 
3.0 1 .9 1 . 7 
7 . 1 7 . 1 5 .0 
7 .0 6 .9 8 . 5  

LEPROMATOUS LEPROSY 

2 . 5  1 . 7 1 .4 
2 .9 1 . 7 1 . 2 
2 . 1 0 .7  0 .3  
3 . 5  2. 1 2 .2  

N M itsuda-Wade preparat ion from normal l i ver .  

o Preparat ion N :  1 2  x concentrated. 
V Dharmendra preparat ion from normal l i ver .  

W Preparat ion V :  25 x concentrated . 

4 weeks 

0.6 
1 . 6 
3 . 7  
8 . 9  

0.4 
0.6 
0. 1 
1 . 2 

* The nu mbers between ( ) show the number of pat ients, tested 
with t hat part icular preparat ion .  

pattern of react ion,  (b) to investigate the hypothesis of Kooij and 
Gerritsen that the presence of particles and their size m ight be of 
im portance and that i n  the M itsuda reaction we are deal ing with a 
k ind of foreign body react ion . 

The investigat ions described in  this paper were cond ucted with a 
suspension prepared from normal human l iver i n  the same manner as 
lepromin  from lepromatous t issue. As Kooij and Gerritsen obtained 
the strongest react ions with suspens ions of 'normal l iver prepared by 
the Dharmendra method, we also used th is method . 

Experimental Procedure 

Preparation  of normal t issue suspensions : ( Dharmendra method) .  
Normal human l iver was  autoclaved in  a 0.9 % sod i um chloride 

solut ion at 1 20°C.  and 1 5  lbs. per sq. inch for 20 m inutes. 
One hundred grams of the autoclaved l iver were thoroughly 

blended and extracted with 200 ml .  of chloroform in  a Waring 
blender and filtered through a thick layer of cheese cloth . The residue 
was subjected to three successive extract ions with 200 ml .  of chloro
form and the extracts combined . The chloroform was removed by 
dist i l lation under red uced pressu re and the syrupy residue was 
extracted with ether to remove the ether soluble l ipids .  After each 
extraction the particles were separated by centrifugation for 1 0  
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m in utes at 3,000 L p . m .  and final ly d ried at 40°C.  for a few min utes.  
I t  shou ld be noted that after the final wash ing the ether layer must be 
colourless and transparent,  ind icat ing that al l ether soluble l ipids 
have been removed . The average yield of the lepromin  thus prepared , 
was 1 . 5 gm . from 1 00 gms.  of l iver. The particles were suspended in  
0 .9 % sodium ch loride 0 . 5 % phenol solut ion and 0. 1 cc . was intra
dermally injected in Ban tu  patients with tubercu loid and lepromatous 
leprosy. 

Experiment I : To prepare a suspension wh ich i s  able to prod uce 
sat isfactory react ions ,  various  concentrations  of the t i ssue suspens ions 
were made i n  1 0 m ! .  0 .9 % sod ium chloride 0 .5  % phenol sol ut ion . 

The results of the average read ings are shown i n  Table I and 
Fig. I .  

TABLE I 

Average read ings in  mm .  of various concentrat ions Dharmendra 
normal t issue suspension . 

TUBERCULOID LEPROSY 

Prep. 48 11rs. I week 2 weeks 3 weeks 4 week s 

A ( 1 5)*  2.4 . 8  
B ( 1 5) 3 . 3  3 . 1 2 . 5  2 . 8  2 .8  
C ( 1 8) 4 .4 3 . 5  3 . 5  3 . 5  
D ( 1 5) 5 .2  4 .3  3 .9  3 .9  3 . 9  
E ( I  I )  5 . 5  5 . 2  5 . 2  5 . 2  5 .2  

LEPROMATOUS LEPROSY 
Prep . 48 hrs. I week 2 weeks 3 weeks 4 weeks 

A ( \ 5) . 6  0 
B ( 1 5) 1 . 9 1 . 3 1.0 0 .6 0 .5  
C ( I O) 3 .9  3 .0 2 .0 1 .4 
D ( I 5) 3 . 5  2 . 5  2 . 1 2 .0 2 .0 
E ( 1 5) 5 .2  4 .4  3 . 3  3 .2  3 . 2  

A 1 00  mg./ I O  ml .  

B 200 mg./ I O  ml .  

C 400 mg./ J O  ml .  

D 600 mg. / J O  ml.  

E 800 mg./ J O  ml .  

• See note Table A. 

We confine ourselves in  this article to the M itsuda reaction read 
after 28 days. The results of this experiment show that the reactions 
produced by preparation A and B were too weak and could thus not 
be used . Preparations C and D successful ly produced positive 
M itsuda reactions in tuberculoid leprosy. Preparation D produced 
too strong a reaction in lepromatous  cases and was thus omitted as 
a su itable suspension . We could not  succeed in producing  such 
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Fig. I .  Average readi ngs in mm. of various concentrations D harmendra t issue 
s llspension. For explanations see Table J .  Experiment I .  

strong reactions ,  as was reported by KooIJ AND GERR ITSEN ( 1 958) 
who u sed 80 mg.J l O  ml .  suspension (Prep .  W in the " introduction") .  
See "Discussion" .  Preparation C was u sed by us as the m ost suitable 
suspension . Preparat ion E also evoked too strong reactions in the 
l epromatous l eprosy and these react ions also tended to u lcerate. 

Experiment 2 :  To investigate the influence of the particles and 
particle size, the fol lowing attempts were made to annihi late them . 

(a) Four-hundred milligrams Dharmendra tissue suspension in 
10 m!. of phenol sal ine solution were i rradiated with u l t ra" 
sonic waves for 20 minutes and then injected as befo re .  

(b) Two-hundred mi l ligrams were hydrolysed for 12  hours with 
6 N H2S04 to break up the prote ins ,  polysaccharides etc. in 
their fundamental compounds and thus  removing them . The 
residue was washed u nt i l  free from acid, suspended in  5 m l .  
and injected . 

(c) A s uspension of 200 mg. si l ica (particle s ize about  5 I! com
pared to  the 3-4 I! of the tissue particle size) in  5 m l .  saline 
phenol sol ution , d i lu ted to faci litate administration, was 
injected . It shou ld be noted that this was not a col loidal 
si l ica preparation as was u sed by SHELLEY AND H URLEY 

( 1 960) . 

(d) The particles were digested by means of the proteolytic 
enzyme, t rypsin .  In order to obtain the opti mum pH of 8 
for Trypsin act ion, 200 mg. of normal t i ssue suspension were 
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mixed with 2 m l .  I % trYP'sin and 2 m l .  of 0. 5 % sod ium car
bonate. One cont rol preparat ion was also made and the two 
react ion mixtures i ncubated for 3 hours at 37°C. Subsequently,  
after inactivat ing the enzyme by heat ing in a boil ing waterbath 
for 30 min utes, the p H  was adj usted to 7 .4 .  

The resul ts  of the average read ings are shown in Table 2 and 
Fig. 2. 

TABLE 2 

Average read ings i n  m m .  of the various preparat ions tested 111 

Experi ment 2 .  

TUBERCULO ID  LEPROSY 

Prep. 48 hI's. I week 2 weeks 3 weeks 4 weeks 

A ( 1 8)*  3 .4  3 .0 2 .8  2 . 7  
B ( 1 2) 4 . 1 4 .0 4.2 3 .0 
C ( 1 5) 1 . 1  0 .9 0.5 0. 1 0 
D ( 1 5) 1 . 1  I . l  0 .9 0. 1 0 . 1 
E ( 1 5) 1 . l  0 .6 0. 1 0 . 1 

LEPROMA TOUS LEPROSY 

Prep. 48 h,.s. I week 2 weeks . 3 weeks 4 weeks 

A ( 1 0) 3 . 1 1 .9 1 . 5 1 . 5 
B (6)  1 . 7 1 . 7 1 . 7 1 . 7 
C ( 1 4) 0 . 5  0 .3  0 .2  0 .2 0 
D ( 1 4) 0 0 0 0 0 
E ( 1 4) 0 0 0 0 0 

A 400 mg. / I O  ml . I rradiated by u l trasonic waves. 

B 200 mg . /5 ml.  H ydrolysed by 6 N H 2SO4. 

C 200 mg. s i l ica/5 mi. 

D 200 mg. in approx . 5 ml .  sol ut ion.  Digested by tryps in .  

E Trypsin control . 

* See note Table A .  

Preparation A ,  which was  irradiated by  ultrasonic waves, i n  an  
attempt to  destroy or  break them u p  i n  smaller fragments, evoked a 
sl ightly weaker reaction than the equivalent, which was not  irradi
ated (See Experiment 1 ,  Prep. C) .  I t  was, however, impossible to 
destroy the particles completely by u l t rasonic waves.  The residue 
which contained particles of unknown composition after the hydro
lysis with 6 N H 2S04 (Preparation B) showed posit ive lepromin- l ike 
reactions and i t  could be concluded that the active principle was not  
destroyed . As  a further method, the particles were treated with the 
enzyme, t rypsin .  The results show that  the latter preparation, where 
the  proteins  of the particles were broken down to their fundamental 
amino acids and peptides, reacted negative i n  both the lepromatous 
and tuberculoid leprosy. I t  could be assu med that th is preparat ion 
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Fig.  2 .  Average readings i n  mm. of the variolls preparat ions tested i n  experiment 
2.  For explanation see Table 2.  

did not contain any perceptible macroparticles. It seems also t hat 
the proteins are not responsible for this reaction, a l though it  might 
have some influence. Preparation C showed only negative resu l ts .  

The results of this experiment indicate that the presence of tissue 
particles m ight be of importance for the lepromin reaction pattern 
evoked by normal t i ssue preparat ions,  but  also that not every 
particle does i t .  (Preparation C). 

Experiment 3 :  I n  order to investigate the act ion of the ether 
insolu ble lipids, a chloroform extract of the D harmendra normal 
t issue preparations was tested . Four-hundred mi l ligrams were ex
t racted in a micro-soxhlett apparatus with 50 m l .  of chloroform for 
8 hours .  

After evaporation of the chloroform under red uced pressure the 
25 mg.  fatty extract was emulsified in  2 m! . of phenol saline solut ion.  
The residue after chloroform extraction was also suspended in  10 m l .  
of phenol saline solution, and  tested . 

Chromatographic examination of the l ipid fraction was carried 
out according to ASSELlNEAU ( 1 952) and B EVAN et al ( 1 95 1 ) . As solvent, 
a chloroform :ethanol : water (80 :20 :2 .5 ,  by vol . )  system was used . 
Ten m icroliters of a 1 % solut ion of the fatty extract was appl ied 
on Whatman No. 1 paper and the ch romatogram developed for 
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6 hours .  To locate the position of the l ip id,  the paper was d ried at 
1 00°C.  in an oven and then treated with a I % sol ut ion of Phos
phomolybd ic acid i n  a mixture of equal parts of chloroform and 
ethanol ,  and dried again at 1 00°C.  A yel low spot, Rr val ue 0.9,  was 
found which corresponds with the sphingomyel i n  group  of the 
phosphol ip ids .  N inhydrin t reatment showed in  one chromatogram 
a very fai n t  purple spot, due to cephal in ,  but this could not be con
firmed by further chromatography. 

The average read ings in 5 patients with tuberculoid leprosy and 
4 patients with lepromatous leprosy injected with the above prepara
t ion,  as wel l  as the l ip id-free preparat ion ,  were as fo l lows. See 
Table 3 and Fig.  3. No histological i nvestigation of the react ion 
papules was carried out .  

TABLE 3 

Average read i ngs i n  m m .  of the l ip id ,  l ipid-free and control pre
parat ions .  

TUBERCULOI D LEPROSY 
Prep. 48 hrs. 1 week 2 weeks 3 week s 4 weeks 

A ( 5 )*  6 .5  5 .2  5 .4  5 .4 5 .0 

B ( 1 5 ) 3 . 5  2 . 5  2 . 3  2. 1 I .S 
C ( I S) 4.4 3 . 5  3 . 5  3 . 5  

LEPROMATOUS LEPROSY 

A (4) 6 .0 3 .0 3.0 1 .0 1 .0 
B ( 1 5) 3 . 3  1 . 7 1 .4 0 .9 0.6 
C ( 1 0) 3 .9  3 .0 2.0 1 .4 

A Lipid fract ion.  

B L ip id-free fract ion.  

C Prep.  C :  Exper iment l .  

• See note Table A .  

There seems to be a tendency for th is  l ip id fract ion to fol low the 
lepromin  pattern of react ion . However, the number of patients tested 
was smal l  and further i nvestigation  was necessary. The absolute 
l i pid-free fraction (B) showed posit ive resu l ts although weaker than 
the control  preparation (Preparation C). 

The l ip id extract of the same concentration as in the earl ier  
experiment was then injected i n  1 5  pat ients with tuberculoid leprosy, 
and in 14 patients with lepromatous leprosy. I n  half of the tuberculoid 
cases and half of the lepromatous cases the react ion papule was 
excised 3 weeks after inject ion and the react ion papules of the 
remain ing  patients were excised after 4 weeks and examined histo
logical ly .  

The average readi ngs are shown in  Table 4.  
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Fig. 3. Average readi ngs in m m .  of the l i pid,  l i p id-free and con tro l preparations.  
For explanation see Table 3.  

From these experiments it  was evident that the l ipid ext ract 
produced reactions in both tuberculoid and lepromatous cases, 
a l though weaker in the latter type. The absol ute l ipid-free prepara
tions (Table 3 ,  Prep. B) evoked weaker react ions than the control 
preparation (Table 3 ,  Prep. C), probably because some act ive 
principle was removed . 

Although the average read ings of the react ion papules in the 
lepromatous  cases after 3 and 4 weeks are somewhat lower than 
those of tuberculoid cases, the general pattern cannot be called the 
lepromin  pattern of reaction .  The read ings are therefore too high 

TABLE 4 

Average read ings in m m .  of the l ipid fraction .  

TUBERCULOID 

48 Itrs. J week 2 weeks 3 weeks 4 weeks 

6. 1 5 .9  5 .6  5 . 3  4.9 

LEPROMA TOUS 

'6.0 4.2 4 .3 3 . 7  3 . 1  
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in the lepromatous cases . H istological ly the l ipid fract ion evoked an 
epit hel ioid cel l  reaction in  several cases . This was only s l ight and 
did not occur  in  the lepromatous cases. H owever, compared to an 
act ive normal tissue suspension the epithelioid cel l  reaction was very 
weak and d id not occur in sufficient cases of tuberculoid leprosy. 

Discussion 

Although we could confirm the results of KoolJ AND GERR ITSEN, 

the  react ions obtained with our preparat ions from normal l iver were 
considerably weaker in  evoking the lepromin reaction pattern . 
Probably the composit ion of the l ivers used for the preparation of 
the tissue suspensions was not  the same due to age, u n known diseases, 
etc. In preparing these t issue suspensions, attent ion should be given 
to these condit ions .  

I rradiat ion by u l t rasonic waves and also breaking down of the 
proteins and other hydrolysable compounds by 6 N H2S04 did not 
decrease the activity of the normal t issue preparation m uch. Both 
preparations sti l l  contained particles .  Complete destruction of the 
particles by t he enzyme, trypsin ,  lead to a preparat ion wh ich was 
inactive. The influence of the l ipid fraction was probably e l iminated 
by the h igher degree of dilution . KOOlJ AND GERRITSEN ( J 958) also 
found that bacterial fi l t rates of normal l iver suspensions were 
inactive . This indicates that the particles and probably their  s ize are 
of great importance if not  essential for e licit ing the lepromin  pattern 
of reaction by a normal t issue s uspens ion .  That a special particu late 
state can be of i m portance for producing an epithelioid cell reaction 
was recently shown by SHELLEY AND H URLEY ( 1 960) who demon
strated that epithelioid silica granu lomas could be evoked regularly 
in any individual by in t radermal injection of col loidal s i l ica and 
that the phenomenon is dependent on the col loidal nature of the 
s i l ica. It i s  not  known yet how col lo idal si l ica reacts in lepromatous 
leprosy. This problem is  under i nvestigat ion.  

In add ition ,  a certain chemical composition of the particles seems 
essential becau se not every particle evokes the reaction .  The react ions 
produced by the isolated l ipid fraction (Exp. 3,  Prep. A) were 
stronger than those of the control (Exp. 3, Prep. C), however, the 
readings i n  lepromatous leprosy were rather high. This does not 
resemble the lepromi n  reaction pattern . Histologically, the l ipid 
fraction produced a very weak epithelioid cell reaction in several 
tuberculoid cases but  none in lepromatous cases. On the contrary 
the lipid free preparation containing particles (Exp. 3, Prep.  B) 
showed weaker reactions than the control, but more the typical 
lepromin reaction pattern .  Unfortunately no histological examination 
of the reaction papules were carried out. I t  should be stressed that in 
future research in  this field histological examination is necessary. 
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Although the l ipid fract ion d id not e l icit the typical lepromin  type 
of reaction it  i s  sti l l  of i n terest that a substance can be iso lated from 
normal  l iver t issue which prod uces epithel ioid ce l l  react ions .  I t  is  
possible that this or  a s im i lar substance was responsible for the 
histological sarcoid react ion wh ich SONES el al ( 1 955 )  obtained with 
fi l trates of a Kveim antigen prepared from sarcoid lymph nodes. If 
th is  explanation is correct i t  does not support the view that the 
Kviem reaction in  sarcoidosis is a response to the introd uction of a 
specific antigen .  

As the  normal t issue suspension contains both  particles and  the  
iso lated l ipid fraction i t  is possible that they co-operate i n  evoking 
the lepromin  pattern of reactions .  

Summary 

1 .  We could confirm the results  found by Kooij and Gerritsen ,  
but  were unable to prod uce such strong react ions reported by them . 
This deflection m ight probably be due to a d ifference in  age, unknown 
d iseases, etc .  of the ind ivid ual . 

2. Annih i lation of the particles by u ltrasonic waves was unsuc
cessfu l .  Preparations of n ormal liver tissue i rradiated with u l t ra
sonic waves, as wel l  as an absol ute l i pid free suspension and the 
residue after 6 N H 2S04 hydro lysis st i l l  showed the lepromin pattern 
of reaction .  By means of tryps in an inactive preparation was ob
tained which failed to produce the lepromin  pattern of reaction .  
Therefore i t  is  assumed that t h e  particu late state is o f  importance, i f  
n o t  essential .  

3 .  A l ipid substance, sphingomyel in ,  was isolated from normal 
l iver preparat ions which was able to prod uce epithel io id cel l react ions 
but not the typical lepromin  pattern of react ion . This fi nding is not 
in  favo ur of the view that the  Kveim ant igen contains  an antigen 
specific for sarcoidosis .  

4 .  I t  i s  possible that the particles and the isolated lipid fract ion 
, 

co-operate i n  producing the lepromin pattern of reaction evoked by 
normal l iver suspensions .  
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