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I X TROI) LTCTlOX 

'rhc guinca-pi g i gcncral ly l'egard ed a s a s pec ies nativcly l'cs ii:i bmt 
to infcctioll with M vco batf e1"i lll1l (C' }J1'Iac JJI 'l.tr iu1n. In 1957 Kato (4) r c­
portcd that h e had succeecled in depresl:l ing 1' e. is tan ce of o'uin a -pigs to 
infection 'with this microorgan ism by 1'cpcated and prolongcd treatm ent 
with thc antihis tam in c pyrilamin c mal eate (Ncoantel'gall ) . Success ill 
hi expcriments dep endcd upon introduction of the bacteria dil'ec tl~· 
into living macrophao'es that had accumulated in th e p eritoneal cavit:, 
of the animals in 1'e ponse to a previous injection of glycogen. Kato 
s tated that, in the prcsence of antihi s tamines, g uinca -pig ma crophages 
fail ed in their ordi ll a ry function of rapidly disinteg ratin g th e phago­
cy tized bacteria. Acconlill g to hi s ohse rvation s, g uinea -pi g ma cro­
phao'es wer c capahle of r educing the l'at-lepro. y hacillu s to Rcid-fa sL 
c1 ehri, within a few hours or a clay. Becau se of th e s ignifi can ce of 
Kato' obse rvation s for elucidatin g pattc rn .· und crl y ing native r es is t­
ance again s t murin e and human leprosy, th e experim ents with M. 
l epr aem1lriU1n wer c r epeated, and extend cd to includ e lI f. l pl1rae a s RI1 
infecting agent. 

M AT\, RlALS AX\) l\U:'I'Hons 

1. Bncterial s l/ spell . i01/ <.- (n) :'1. l!'pnH'IIIUl'iu lll: S lIIwutlllWOUS l!' PI'OIll IlS o f C~' i 
hhH·k l11i ee inf'('cted three mon ths pl'('v iously with th (' llilll"lli illn s t l'lI in of th (' b fl eililis \\'('I'!' 
m in ced with sC'issol's and g round in fl mo rtar with s teril e sflnd and ITfl nks' b fll a ncerl . alt 
soluti on (BSS ) . The r esulting susp ension was centrif uged Ilt .s oC fo r 10 mil1ut<'s il t 
] ,000 r .p .m . T he supern a ta n t was used a the in f('cti ng susp ension. 

(b) M. leprae: The prepfll'ati on of this su sp ('ns ion wn s th(' sa lll C' , cxcC'p t tll fl t t h(' 
bllei ll i WCI' ob tA ined f r om thl'C'c-lll onth s-old . ubcutan(' u. (,lll bJ'YOIllH S of C~ TT mi(·!' in­
duc(' cl a('('ol'ding to th e m ethod d ('s t l'ibr d hy R obcJ' tscn (1 1). 

2. Mac1'ophage 1Je1'Uoneal exuda te . . -~1ulti (·ol o r('d fl clul t g uin ra-p igs of both srx('s 

lHcceived fo r puhli C:l ti on M ny 5, ] 96!!. 
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Wl'I 'C g'i l'PII , i) d}l ,)'s b!,J'ol'c r·hallpllge with !II . / 1' 1)1'1( 1' 111111';1/11/, 01' iIf . /1 '1/1'1/1 ' . illtl':II't'l'itoll( 'al 
illjectiom; of 0.1 llIgllI. oj' g' lyr·ogclI in ] 0 (·c. oj' II.Si) per (·pIIL sodinlll chlol'ide soliltioli . 

3. Ant-ihis tmnines .- PYl'ilmllilie malclite (NcoantcrgHII) alld rliphenhyclrallline hy­
drochloride (BenadJ'yl) were used. The drug's wcre dissolved in sa line so that 8 lllglll . 
were contained in a volume of 0.5 cc. The solutions were stcrilized by filtration through 
silltered glass filters. 

4. E xpel'iments tcith M. lepl'aell1ul'iull1.- Thil'ty- three adult, multi colored guinen­
pigs of cither sex were divided into 3 g roups, of 10, 13, and 10 animals, re.' pectively, 
and macrophage peritonenl exudates were provoked in all animals. F ive days later they 
were infected hy intJ'alpel'itoneal injection of 1 cc. of a suspension containing 6 X lOS 
organisms. Th irty minutes before the chall enge injection the 10 anilllals in one of these 
groups received a subcutaneous injection of 8 mgJlI. of Benad ryl. Thirteen animals re­
ceived an equa l amount of Neoantergan. 'I'he remaining animals received injec tions of 
110l'mal saline. These injections were rep eated 5 times a week for the duration of the 
experiment. 

5. Determination of the fate of the inges tecL bacilli.- One animal from each of the 
3 group was sacrificed 3, 24, 48, and 72 hours after challenge with the murine bacillus. 
The peritoneal cavities were washed with 20 cc. of BSS, and the cells were separated 
by centrifugation at 1,000 r.p.m. for 5 minutes. 'fhe supernatants were discarded and the 
cells resuspended in 2 cc. of fresh BSS. Small aliquots of these suspen. ions were with­
drawn with capillary pipettes and spread on glass . lide· . These preparations were used 
for acid-fast staining at room temperature, fo llowing fixation in 10 p el' cent forma lin , 
and for Wright staining and sup'ravital staining with neutral red and Janus green (9). 
The cell suspensions were then stored at 37°C, and samples were withdrawn after 3, 6, 
and 12 JlOurs of incubation. From these samples, slides were made for acid-fast and 
supravital staining. The remaining animals were sacrificed at the end of the eighth 
week following infection. . 

All animals were autopsied. Impression slides for acid-fast staining were made in 
each instance from the peritoneum and the cut surfaces of the spleen and li ver. Smears 
f01' acid-fast stains were also made from macroscopically visible les ions. Sections were 
made from the livers, spleens, adrenal glands, and testicles. All tissue sections were 
processed in an autotech ni con, after 10 per cent forillalin fixation, embedded in paraffin 
blocks, and stained with carbol-f uchsin, and counterstained with eosin-methylene blue. 

6. E xpel'iments with M. leprae.- Twenty-six adult, multicolored guinea-pigs of 
either sex were divided into 3 groups of 10, 8, and S animals, respectively. Macrophag-e 
exudates were provoked in 10 animals in one of these groups in the sallie way as before. 
}~ive days later these guinea-pigs, and those in one of the two other g roups, received a 
subcutaneous injection of 8 mgm. Benadl'YI. The r emaining animals received ,normn I 
saline. Thirty minutes later all animals were injected intraperitoneally with 1 cc. of a 
suspension containing approximately 2 X 107 of leprosy bacilli. Injections of Benadryl 
and saline were repeated 5 times a week for the duration of the experiment. The dete t·­
mination of the fate of ingested bacteria was carri ed out as before. A ll additiona l 
procedures con e 'ponded with those outlined pl'Pviously, ex cept that the ilnilll:l ls were 
allowed to survive for 5 JIlonths following infection. 

In:SUJ~TS 

1. Ex peri11'l,ents with M. lepraemul'ium.-Phagocytosis of the in­
jected bacteria had occurred in the animals sacrificed 3 hours after 
inoculation. Most of the bacteria were intracellular within macro­
phages. ~rhey stained solidly, regardless of whether or not the animalR 
had been treated with antihistamines. ~J:hese findings r mained un ­
changed in the animal s sacrificed 24, 48, and 82 hours after injection. 
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Likewise, there was no difference in the appearance of the phagocytized 
bacteria in any of the cell incubates. Signs of bacterial degradation 
in the macl'ophages of animals not receiving antihistamines were 
lacking enti\' e l~T , despite the fact that mo t of the macrophages re­
mained viah10 for at least 12 houn; of incuhation as indicated by the 
l'esults of supravital stailling. Wigure~ .l nnd 2, respectively, show 
M. l ep1'oe IllU1'illIJt within n1<lcrophages of Hll antihi stamin e- treated 
(mel of 311 ulltl' ('ated guinea-pig 72 hours aft0l' injection. 

On autopsy, 110 s igll i(;can t di ('('erence wer e founel in the animals 
that had r ece ived nntih istamines <1ll<l th e untrented Olles. Invariably, 
round, pus-filled granulolllatous lesions wer e pre ent in the om entum, 
containing numerous acid-fast rods. Fl'equCJlt1 y, pea-sized, encapsu­
lated abscesses containing Hum erOU s acid-fast rods wer e found in the 
peritoneum. ]mpression slid es from the peritoneum and the cut sur­
faces of liver allCI spleen ordin31'il y showed a few acid-fast bacilli. The 
spl eens of most gu in ea-pigs seemed enlarged. 'rhe mean spleen weights 
wer e 0.7 per cent of mean hody weight in the pyrilamine maleate­
treated group, 0.5 per cent in the Benadryl-treated animals, and 0.9 per 
cent in the guin ea-pigs not treated with an antihistamine. Figure 3 
shows the enll1l'ged sp]eCl), omental lesions, and peritoneal abscess of 
one of the unheated gu inea-pigs. rrh is particular animal weighed 
635 gm. and had a spl een weighing' 12.3 gm. (1.9 per cent of body 

PIG. l.-- Intact :1I . ZI'Pl'ff1'1II111'i1l1ll within lII :I(-rophngcS of a p y rilamin e maleate-treated 
j{ lIill l'a -pig, 72 hour after illfedioll. 
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weight) . This was the largest spleen found in any of these animals. 
Histologic examination of the spleens, livers, adrenals, and testicles 
gave identical results in treated and untreated animals . The testicles 
and adrenals appeared entirely normal. A few isolated acid-fast bac­
teria were usually found in the spleens and livers, regardless whether 
or not the animals had received antihistamines. These bacilli did not 
seem, however, to have produced tissue changes. 

2. E xperiments with M. leprae.-There were no discernible differ­
ences, either in vitr'o or vn vivo, in the extent of phagocytosis and in the 
fate of the phagocytized bacilli, whether the animals had been treated 
with an antihistamine or not. No gross lesions were found in any of 
these animals. There were no histologic changes that could have been 
the result of infection with M. lepme. Acid-fast organisms were not 
found in the livers, spleens, adrenals, or testicles of these animals. 

FIG. 2.- Intact M . lepmem111'iltm within macroph ages of a guinea-pig not treated with 
>t ll t ihi stamines, 72 hours after infection. 

DISCUSSION 

Phagocytosis, followed by intracellular destruction, is probably a 
significant factor in native resistance against bacteria, such as Diplo­
coccus pneumoniae, that cause acute infections e~). That speedy de­
struction of certain members of the order E'ubacteriales takes place 
within polymorphonuclear and mononuclear phagocytes of various 
species of animals, including man, has been shown recently by Cohn (2). 
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Us illg p:l:!_ alld C' ·i-Iabeled bacteria, he fouml that rabbit macrophages 
caused extell sive degradation of Ba cillus subtilis and Escherichia coli 
within three hoUl's of intracellular r esidence. These :findings wer e 
restricted neither to rabbit macrophages 1101' to the 11amed two bacterial 
species . 

None of the microorganisms in clud ed in Cohn's experim ents was 
an intracellular parasite, Jntra ceHuhl.l' para siti sm is of particular in ­
terest to the studellt of leprosy, becau se of the essentially obliga tory 
intracellular habitat of lJI, lepra e. Other mycobacterial infection s such 
as murine leprosy and tnberculosis are characterized by a similar 
association. \.va ilahle eviclellce does llOt favor the assumption that 
Jlatural resistance again st particular species 01' strain s of the tubercle 
bacillu s is l)[1 sed on its r apid degradation within the host's macro­
phages. Host-r esistance against the H:17Ra strain of llI. t1lber'culosis 
seems to be positively cOlTclated with incapability of the microor~'anism 
to multiply within host cells, whether in ~'itTO (1 . 7, 8. 1~) or in v ivo eO). 

Death and degradation are th e eventual fate of these mycobacteria. 
Yet these arC' consequences rath er than ca uses of avirulellcc antl hos t 
resistance. A particular stra in of the tuhercle bacillus may retain an 
attenuated eapahility for intracellular multiplication from the vcr." 

FIG. 3.-Elllnl'ge<l sp lee n of a gu i IIca'pig lI ot trcn t ed ,vi th : llItihi ~ t fl l1lill eS, ~nerificcd 8 
weeks after infection with lif. I l'praCllwriu1II . H eloll' th e u llimnl is th e om cntu m lI'ith granll inl' 
.l esions, [lllel an exc ised p e ritonea l [llJ~cess. 
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inception of the infection. H er e increased r esistance is Uel1lO11strateLl 
by the hosts ' failur e to develop progress ive disea e. Attenuated capac­
ity to multiply within the host is exemplifi ed by the various BCG 
strains of M. bovis. 

An additional and differ ent kind of host resistance seems to he 
operative in the host-parasite r elationship between the rabbit and 
strain s of M. t'uber'cuZosis that are f ully vi rul ent for human beings and 
o'uinea-pigs but not for most rabbits. Lurie (''i ) ha shown that, at th(' 
on set of the infection, multjplication of these strains proceeds at an 
even' faster rate than that of M. bovis, which causes progr essive and 
fatal d isease in rabbit . Rubsequently, however, rabbits ord inariI.v 
show increased r esistance again st th e human variety of the tuher cle 
bacillu s by inhib iting its further multiplication. It has been speculated 
that this might result from acquired r esistance which now comes into 
play (5). If this r esistance is of the immunologic variety, it would be 
inter esting and important to know why rabbits fa il to develop or to 
invoke the same kind of defenses against the bovin e tubercle bacillu s. 

Possibly these newly-emerged signs of resi tance arc mediated by 
mechanisms other than those depending on antibod ies. Conceivably, 
interaction of host tissues and microbes might lead to changes in the 
physicochemical characteristi cs of th e environment, re lld e rin~' it UH­

suitable for proper functioning of the invading bacteria. This would 
provide the host with attributes of r esistance, and force the mycobac-
terium to behave like an avirulent strain. . 

Tt should be mentioned that on the basis of results of later experi ­
ments, Lurie and Zappasodi (6) stressec1 the occurrence of a greater 
initial destruction of human tubercle bacilli in the lungs of r esistant 
than of susceptible stra in s of rabbits. This conclu sion, however, was 
based on tho r esults of cultural experiments and therefor e does not 
exclud e the possibility of death of bacilli without any actual phys ical 
destruction. 

Much less is lnwwn concerning the fate of M. Zeprae within the 
cells of natively-resistant animals or individuals. Hanks (3) r eported 
intracellular destruction of M. Zeprae within explanted "fibroblasts " of 
pati ents with tuberculoid leprosy. Tt does not seem, however, that a 
. ignificant amount of destruction becam apparent hefor e the lapse of 
several weeks. In addition, the possihility cannot be exclud ed that thes(' 
fibrobla sts stemmed f rom an individual 0ndowed with acquired r esist­
ance on account of the preexi sting association of cell donor and para­
' ite. 

11he results of the present exner im ents show clearlv that 111. l pprc/l~ -
111 urium and M. Zeprae do not disintegrate promptl y within the macro­
phages of guinea-pin·s. rphi s does not, of course, exclude the possibility 
that these bacterial pecieR mig'ht fail to survive within these cell s for 
any length of time. Nevertheless, prompt intracellular disintegration 
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due:-; JIU(, aeeUlIlJ(, fur (lt e :-; I'cc i es r os i s(HJI(,C of g' lliI1 0U, JI .i gs tlg<lim;(, (lH.' ::; · 

III i c ruu I'g'(111 i sm s. 
NUlllerolls uJl s lIecess l'td aUl'"lpl, ::; lJav e 11(' l' ll nmd u ill tile pa::;t to 

infect laboratory animal s with M. leprae by depress illg their natural 
defenses. In the present experiments, r epeated treatment with Bena­
dryl failed completel y to alter the insusceptibility of guinea-pigs to 
iufection with JIll. leproe) even when the l:5actel'ia were introduced into 
macrophages of the animals. Complete r efractorines was al 0 ob­
served in guinea-pigs under identical experimental conditions follow­
ing r epeated and prolonged treatm ent with cortisone acetate. 

1~h e murine leprosy bacillus caused localized les ion s when intro­
duced into the peritoneal cavity of guinea-pigs. These lesions contained 
num erou s acid-fast organisms eight weeks after infection. It is not 
possible to sta te whether or not bacterial multiplication had occurred 
in these animals. Ther e was no indication that treatm ent with Bena­
dryl or pyrilamine maleate had any enhancing effect on the infectivity 
of the bacillus under the conditions of the experiments. 

SUMMARY 

Experiments were carried out to observe the effect of guinea-pig 
macrophages on the integrity of M. leprae and M. l epraellwri1.m~ in the 
presence and absence of antihistamine treatment. 

In addition, it was intended to determine the effect of prolonged 
antihistamine treatment on th e infectivity of these mycobacteria for 
guinea-pigs. 

1~he r esults of the experiments show that guinea-pig macrophages 
fail to disintegrate the bacilli within 72 bours in vivo) and fail to do so 
within 12 additional hours in vit1'·o. 

Treatment wth Benadryl does not modify the solid native re ist­
ance of guin ea-pigs to infec tion 'with M. Zeprae) even when this organ­
ism is introduced into macrophages of these animals. Treatment with 
Benadryl and pyrilamine maleate did 110t change the infectivity of 
M. lepra em1.lriu111. introduced in guinea-pig macrophages. 

RESUMEN 

Se efectual'on experimentos pa I'a ohservar los efcctos de los maCl'Magos de cobayos 
sobre la integl'idad de los ]Jf . le}JH/e y M, le1)'l'aemu1'iU1II cn In p l·csencia y ausencia de 
tl'atamiento con anthistamlnicos, 

En ndicion, se intent6 detel'lni nar 1'1 efecto del tratamic llto prolongado anti­
histamlnico sobre la infectividad de estns mi coba cterias p ara cobnyos. 

Los resultados de los expf'J'imcntos mostral'on que los lllacl'Ofagos de cobayos 
f allal'on en la desinteg racion del hnc ilo dentro de las 12 horas in vivo y f racasaron 
cn los llli smos denb'o de las ] 2 horns ndirionales in 1'itm, 

E I tl'atamiento ro n Benndril no modificn la s61idn ]'rsi-tencia natural de cobayos 
a 111 infecc ion con lIf, IClJ1'ae) nun cuando este organismo ('s introdncido en los lllacrofagos 
de ('stos ani11lnl e ... E I trl1tamiento con Benad ril y malea to de pil'ila1l1ina no cambia las 
infec tividad del M. lepmemm·imn introclucido en los 1l1acl'Ofagos de los cobayos. 
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I )I'S l'xpcl'il'II"I'''' "Ill t"It'· III"lll" '''; "II ,' III' !I'oils"I""'1' 1' .. (1'1'1 til 'S 1l1<1 (' I'''pll<l g'I' '' ti c c" ')II.YI'~ 
SUI' I'intrgl' ite de ~.f, te]Jrue et .ill, Ze]ll'uell/!!I'ium en la Pl'el:il'nte ou en I'absenre de traitC'-
11I( 'nt anti-histalili nique, 

Dc plus, l' intention a ete de detcrlllinc!' I'effet d 'un tniitclllent nnti-his tilllliniqIH' 
prolonge sur l'in feetiv ite de ers lll,YcobH cteries pour les coba yes. 

Les l'e~lUltats de ees experien ces IllOntl'Cnt qur Irs 1l1ar l'o phages de cobayes ne 
I'cussisseut pas h desinteg l't'1' If'S barillc~ endeans Irs 7'2. hl'UI 'S in vivo, pt rndea ns J2 
hem s additionncll es in vitro. 

Le tl'aitcllIent pa l' Ie Brnndl'y l n(' 1Il 0difie p m, I'illlportantc l'es istnn ce nntul'('lI c dl's 
(·I)bflyes it. I'i nfection pal' IIf. lel m l !') IlI elli e 10I'slIu(' ('Pt o l'gn ni slll(, I'st intl'oduit daus II's 
llliH' l'ophllgrg de tes anilllaux. LI' tl'aitcllll'llt pHI' 1(' BI'IlIl(lryl l't pariI' llllli eate dl' 
py l'ilallliIll' Ill' Ill odili e pas l'infpf'tivite dl' M . ll' jil'o elllllrilfw IOl'srpl'il pst intl'oduit dans 
If's Ill!lc l'ophages de ('o hayes. 
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