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The mixtme of antigens in lepromin preparations makes interpre
tation of the skin r eaction s difficult. Our previous studies have shown 
that both mycobacterial and tissue components are antigenic in guinea
pigs (6) . It was also shown that autoclaving caused homologous pro
tein s (guin ea-pig serum) to become antigenic in the species of origin. 

The present study demon strates that a large proportion of the tissue 
components in lepromin can be r emoved by r elatively simple fractiona
tion s ; also that the use of purified suspension s of MVGobctcterium lepra e 
permits distinction between the types of skin r esponse to the tissue and 
mycobacterial components of lepromin, at least in sensitized guin ea
pigs. The tissue components were found to complicate only the early
phase r eactions. The r esults with these specially-treated bacillary sus
pensions support the thesis that a positive Mitsuda r eaction depends 
partly upon capacity to destroy the structural integrity of M. Zepme 
and thus to r elea se antigens. 

MATElnAL. AND METHODS 

Except for the puriftca tion of the bacillus suspension, the mntcriul. nnd procNlures 
used in this experiment have been described in deta il (6 ). The previous methods of in 
j ection, randomization, and blind-reading provided n satisfactory degree of standardiza
tion and reliability. 

Ei~ht guinea-pigs were sensitized by monthl y intraderma l injections of 0.1 cc. of 
l epro,m!~ made by "Vade'.s method (1) . At the time of the sixth monthly injection, skin 
reacbvlbes were tpsted wIth: (a.) lepromin ("Wade), (b) the autoclaved human skin anti
gen used previously, and (c) and (c7) two purified suspensions of M. lep?'ae f rom auto
claved lepromas.3 These suspensions were prepa red and designated as follows: 

D eclu.mpecl M. leprae.- Five p er cent suspensions of autoclaved lepromas were 
shaken .f~r 3 minutes in the presence of 10 p el' cent/volume of chloroform to declump 
the. bacIlh (3): Afte r centrif uging fo r 2 minutes at 200 XG, the supernates were stored 
whIl e, the sedIments were trea ted fo r 10 minutes at 37° C with the iligestion mixtures 
descnbed below. The two fractions were then combined and centrif uO'ed fo r 20 minutes 
at 2000 XG to coll ect the bu cilli . The organisms were resuspended i~ saline containinO' 
0.5 pel' cent phenol, and their concentration ndjusted to ao-ree with the numbers of ba ciln 
in the lep romin u~ecl (3). '" 

. I Thi s ,~ o l'k wn \ SI~pPol't ed ?y Gl'illlt No. E-196~, Nationil l Institute of All ergy Ilnd 
Illf e~tlOus DIseases, NntlOllnllnstltu!es of H ea lth , Public H ea.lth Service, Bethesda, Mnrylilnd. 

- ~I'esellt. address : JO.hns H opkll1 s-Leonard Wood Memorial Lilbol':J.tory, Dep:l rtment. of 
Pnth~hl?l ogy, .John,s Hopkllls School of H ygiene, Baltimore. Ma ryla nd . 

. KlI1dly supplied by Dr. H. W. Wade, Culion Snnitnriulll. 
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Bile-pllnc·reatin M. l eprae.-l~ i ve pel' cent suspensions o f Hutocla\'('(1 leproillas \\"(' 1'(' 

in rubated at pH 7.S in th e presence of 0.5 pel' cent bil e salts (Bacto ox-gall ) a nd 1 pel' 
rent pancl'eatin ( Di fco Pllngestin 1 :75)4 foJ' 30 minutes at 37° C. Silla ll aliquot" of the 
supe rnatp obtainefl after ('entrifuging for 2 minutes at 200x G did not y ield pre~ipitl1bl e 
proteins when ad justed to pH 4 .6 a nd boil ed fo r 2 minutes. The sp(iilll ent wa:-; r esus
pended in thc bilp-pa ncrelltin preparation Ilnd further digested for anothcr 30 mi nutes. 
Th e bacilli werc thcn coll ected from the pooled fligests by centl'ifuga tion , and I'r ~u ~p('ndcd 
and ;,tll ndfll'dized in nUillbrrs as hefore. 

rn both preparations thel'c r('mainrd a sillall 11 1110tll1t of in solubh' ti ~"; lll' I'('~idu e, 
chiefly collagen fibers. 

nmmVfS 
'I'he skin !'eaction s in guinea-pigs attain ed maximal sizes n fl('!' the 

third monthly injection of the Mitsuda-, Vade lepromin. 'I'he earl.,· !'(' (\('
tion averaged 7-10 mm . diameter du!'in g the fi!' st two days, thl' ll (k
c!'eased to a level of about 3 mm. for thc next two to th!'ce woeks. ~incc 
a F ernandez reaction in humans is considered positive jf it l11 1'Cl"'l1I' eS 
10 mm., and a ~ I itsuda reaction usually if it measu!' es 3 mm. (at most 
4 mm. (1)), these degr ees of r esponse were similar to those\\'hich "no 
arbitrarily classed as pos itive in man. 13irpodal r esponses, 'with r educ
tion in size between the Fernandez and Mi tsuda pha ses of the r eact ion, 
wer e not observed in these animals. 

Cross r eactions of all four antigens wer e tested at the time of th e 
sixth monthly injection (Fig. 1). ']'he response . to the heated skin 

4 This bilc·pancreatin soluti on had bec n stored for se l'c rnl month s ill :l deep freeze. Snb
~cCJllellt mixtures did not r emove th c protein :18 c tfi eiently ~o tha t ha cilli hnd to be " ·.:1shrll in 
sa line llllrl rcccntrifugcd in ord er to obtain supe1'll:1tes frec of hfn t -]1n'c ipitin p roteill. 
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FIG. l. CompH rison of cross I'cnetions to p!ll'tia lly-purified lcpromins and normal skin 

a nti gcn in g uin ea-p igs sensitized hy fiyc monthly inj ections of the Mitsllda-Wade lepromin 
Crl l'c rro ge I'cnctiO)l S of 8 guinea-pigs) . 
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ant igc' ll was greates t on the second and third days, but then f ell to abo ut 
1 1lI111. in 10 dci ys, paralleling the ea rly r esponse to the lepromin al
though at a lower level. Thi s suggests that a portion of the early re
spon sC' to lepromin is to tissue components, and that the balance is to 
llIycohactC'rial protein s. 

Durin g the fir st few da ys, r esponses to the two purified suspensions 
of Il l. l (' l lm e were smalle r than those to skin- antigen and to lepromin. 
From Ow 7th to the 18th days the average size of skin r eactions to the 
bacillus suspens ion s co rresponded to those induced by the lepromin. 
' l'h C' reafter, the average reactions to purified bacilli persis ted at slightl y 
high er levels. 

Dl SCUSSION 
Th e results of this i' tudyinclicate that in guin ea-pigs sensitized with 

lepromin the ea rly phase of skin sensitivity is due both to tissue compo
Jl ents am1 bacillar.\· fra ctions, while the more per sistent (or ~Jitsuda ) 
phase of reaction is du e sol ely to the mycobacteria. Davey a nd Drewett 
(1), however, have reported that in pati ents with tuberculoid leprosy 
normal skin a ntigen didllot produce F ernand ez r eaction s, but did pro
duce moderate ~ (i tsuda l"eactioll s which were equivalent to those pro
duced hy a s uspension of leprosy hacilli l'emoved from ti ssues by grind
ing in chloroform. J£ven larger reaction s were produced by the stand
ard ~Jit suda-,iV ade lepromin. 

The chloroform-ether method for preparing Dharmendra's antigen 
causes marked diminution of the Mitsuda phase of skin r eactions e· 5). 
It must be empha sized, ther efor e, that the two procedures here em
ployed for purification of the bacillus suspen s ion wer e des igned to 
maiutain the integrity of the bacilli, and that the late-phase skin reac
tion s 10 th ese purifi ed preparations persisted somewhat better than 
thoso to the lepromin. rrreatment with chloroform equival ent to 10 per 
cent of the volume of leprom in had been shown to declump the bacilli 
without measurabl e decrC'a se in their number s and withou t appreciable 
loss of acid-fa stn ess (3). 

r(' hi s method was chosen to produce declumpecl bacilli which could be 
purified h~T centrifugal methods. However, it was found that brief treat
ment of the low-speed sediments with bile and pancreatin permitted in
clusion of more bacilli in the final collect ions. Purification of bacilli by 
m C'a ns of bile and pancr eatin wa s an adaptation of unpublished methods 
(.J.R.H. ) for producing purified suspension s of active M. leprae 1nU-

1·i II 11/ from fr esh tissue homogenates after a single high-speed centrif
ugation. (f heat-denatured prote in s are not bound in complex s tructures 
Stich a s bacterial cell s, tryptic degradation proceeds rapidly . This was, 
thercf6re, a logical meall S of obtaining a elective action against anti
gellic components of ti. sne origin. The r esults with this antigen also 
se rved a s a control on the possihili ty that declumping in dilute chloro-
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form might c~u se an important loss ill capacity ,to elicit the ~ I itsllda 
pha se of the lepromin r esponse. 

Jt seems probable that only structurally-bound pl'oteills are r eta ined 
in bacilli which have been r end ered permeable hy heat al\CI chloroform 
(4) and then subjected to ('llz~rm e digestion and ",ashilig. rChe persistent 
Mitsuda reaction s induced by such a preparation add new support to 
the prevailing view that Mi.tsuda positivity inc1icat('s a capacity to de
stroy the structural integrity of M. leprae. 

SUMMARY A).TD CONCLUSJOXS 

. Purificat ion of intact 111. lepra e from autoclaved lepromas was 
ach ievrd by a sing le high-speed centrifugation after either of two pre
paratory steps : declmnping in 10 pCI' cell t chloroform oj' digest ion with 
bil e and pancreatin. _ 

In guin ea-pigs sensitized hy five monthly inject ion s of ~Iit suda
""Vade If'pl'omill, human tissue antigens appea l' to contrihute onl.\" to the 
ea rly-phase (2-3 day) cutan eous r eact ioll s to lepr omin. 

rCh e purifi ed bacillus suspensions elicited the persistent (~ritsuda ) 
phase of response ill the same mann er as did the lepromin used. rl'he 
antigens wh ich incite the Mitsuda r eaction arc r eta ined in the whol e 
bacilli even after they are made permeable by heat and chloroform, and 
in spite of enzyme digestion and wa shillg. 'rhe late-}:'lha se r esponse re
quir es, therefore, a capacity to loca lize ancl dest roy hacilli at a signifi-
cant rate. . 

RESUMEN Y CO).TCLUSIONES 

Se obtuvo la purificaci6n de los 1Vl. leprae intactos procedentes de 
lepromas tratados al autoclave con una sola centrifugaci6n a alta velo
cidad despues de uno de los tiempos preliminal'es: desaglutinaci6n en 
cloroformo al 10 pol' ciento 0 diges ti6n con bilis 0 panc1'eatina. 

En cobayos sensibilizados con cinco inyecciones mensuales de lep1'o
mina de i\fitsuda-\iVade, los antigen os de tejido humano no hiciel'on mas 
que exagerar ]a fa se incipiente (2-3 dias ) de las cutirreacciones a ]a 
lepromina. 

Las supension es bacilares purificadas provocaron la fase pe1'sistente 
(Mitsuda) de reacci6n del mismo modo que ]a ]epromina usada. Los 
antigeno ' que incitan ]a r eacci6n de Mitsuda se r etienen en los bacilos 
integros aun despues de pe1'meabilizarlos con el calor y el clol'ofol'mo, y 
a peSl-H' de ]a rligesti6n con enzima y del lavado. La r espues ta de fa se 
tardia r equier e, pOl' 10 tanto, la capacidad para localizar ~r c1 estruil' los 
bacilos en una forma apreciable. 
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