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It ha s heE.' ll held , especially by Bergcl C), that the s tate of pro
oxidization ill experimental a nimal s prod uced by a suitable d iet favo rs 
the reproduction of ilI .lJ("obacl c1·iIlJII l ep1"lt e in them. Believing that such 
invest igntiol]f; should b0 repeated by \Y orkers other than the cr eator s 
o r di sco\"e re rs th enl se h"es, we undertook in ] 957 to repeat the experi
Jll en t \\'ith rats fed Oll prooxidant diets lacking in vitamin E. We con
cluded C") that in order to reach defi nit e conclus ions it would be neces
sa ry to li se a g reate r number of animals and to co rrect the causes of 
the hi gh mortality ra te recorded (64 '70). , iVe believed then to have an
ticipated some encoura g ing r esults, but \Y e were not able to obtain any 
stati s ti cally va lid data. Continuing with thi s work, we experimented 
by l1l odifying the ca uses which \\'e considered detrimental in the pre
vious tes ts, and usillg a sufficient number of animals. 

MAT ERIAL AN D METHOD 

1. niet.-·The diet used previously, prppared in quantity,2 was modified by adding" 
the lin seed oil chl ily to the mixture of other ingredients, to prevent its becolll ing rancid. 
The ~'ea st wns rep la.ced by a polY \'it:llll in soluti on, wi thout vita lllin E of co ur: e, whi ch was 
:d~o ad ded dni ly. The slilall e r morta lity rate a mong the rats we attribute ~o these modi
fications, a nd thi s ha s led to useful contl usions; the a dlllinistrat ion of 11 p rooxid ll nt diet 
to a suffic ient number of animals durin g- 1 yeB r lind 9 llI onths is sufficiellt g Ullrnntee. 

The advan tn ges of t he mod ified die t ('a n be app rec i a t~'d by COlli paring mortality 
figures. In the previous work we had 6+ pC I' cent nlorta li ty in G roup 1 a lone, whil e under 
p resent conditi ons it has been de crea sed to ] 9 per cent in the tota l of the gl"Oups under 
stud~', a lt houg h in Group,; 1 nnd :'3 it was somewhat higher, 28 per cent. S ih'er nitrate, 
0.0:5 per cent, is ndded to the drinking water, renewing it evel'Y day for some of the 
an imn l groups. To th ese conditions, whi rh hal"(' cau~ed the de :'rcase in the mortality rate, 
we must add that the present work has bepn ca rri ed out in quarters provided exclusively 
fo r our Il nim nb,a whi ch ha s permitted their adeCJ uate ca re. 

2. Allimalllsl'd, and gl·ollps.- vVhite rats of the M il S 1101"Cll'liclI 8 albinll s s train4 were 
hred in the quarter: mentioned, a nd as ea l'eful 11 selection as possible was made among 
th e llIall's to obtain similar r ats before establishing the diet. In this way we were then 
a hl e to cOlllpare the differences in bod~r , f ur, etc., which a re produced by alimenhny 

IPnper writt en lInd er th e allspiccs of th c Natio na l Scientific and Technical R esearch 
COlln c·i l. 

~St:1rch , J 0 kgm.; CflRcin , 4.8 kglll.; linseed oil, 3 kgm .; sa lt mixture, 0.6 kgm. ; yeast. 
1. :3 kgm . ~ 

:lBy thc n epartlll cnt of Mic robiology of the Medical School of the U nh"ers ity of Buenos 
Aires. 

4R:lndon stock, P hilnd elphin, ob tained f rom the Ma lbr{LII Bacteriologica l Tnstitute in 1957. 
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changes. Some rats of each g l'oup were trsted with integl'lll hUlIllln leprolllin , with nega
ti ve res ults af ter 48 hours nnd 21. dn ys. 

The rats thus sele'ctecl II"cre g roupcd a nd trca ted as foll ows : 

Group 1.: 
Group 2: 
Group 3 : 
Group 4: 
Gr oup 5 : 
Group 6 : 

prooxidant diet 
ordiml l'Y diet 
proox id nnt di et 
pl'ooxirl a nt di et 
prooxid ll nt d iet 
ol'dina ry diet 

inoculated 
inoculllted 
not inoculated 
inoculaterl with dea d bacteria 
subinocul.l1ted 
subino(:ul fl ted 

These different g roups I"e rc set up to prov ide 11 11 possibl e controls, to avo id mi ~ tn k es 
whi ch Illight OCCUI' in ex pe riments to whi ch t,he prerllution of' using' blnnk tes ts to v('rify 
nn assum ed mycobacteria l development was not used.1i 

A s has been pointed out r ecently hy one of us (' ~, H), it is time for 
animal experiments made with the leprosy bacillus to adhere stri ctly 
to the expel'imelltal methods used in biologic science, procedures whi ch 
are classic a nd indis pensable with respect to the value of an inves ti ga
tion, and to require that those not conforming to such methods be di s
regarded, as their acceptance ha s led us to th e g reat confusion we have 
now in animal r esearch in leprosy. It is also unacceptable to identify 
acid-fa st germs as M. lepra e simply because they are not cultivable and 
transmiss ible, for wc canllot hase the identification of a gc rm on nega
tive fact s. It may be I1ccessa ry to revi se everything that ha s he en don e 
to date, and to channel the effort s made within the principl es of pure 
biologic r esearch. The only useful datum is from immunology. 

3. I1bol:u la.- As the ma teri a l fo t' the inocul a lI"e have used lepromas not subjeetcd to 
a ny p r evious treatm ent wh a tev(, I', on th e n ~sulllpti o n tha t act ive o r virul ent ge rms nrc to 
be found in such lesions, taking into aceount the fact th a t other bacteri al fo rms are also 
to be found in lepromas whi ch suggest Ill odifi ('d I·itl1lit.v. U nt rea ted pati ents are consid
er ed to be th e most contagious, whi ch im p lirs a g reate r vintl ence of th e bac teria. Other 
sources of obta ining inoculati on material- initia l lesions, macules, serulll 0 1' bl ood f rolll 
r eacti on cases-have been used in previous work, eithcr fo r seeding cultures 0 1' f or animal 
inoculation , as r ep ortcd by Bordoni -Uffrcduzzi (4), Ducrey (5) , Ll eras Acosta (8) , 
Teich (11 ), E dd y (6), Eva ns (1), a nd Barzizza ( I) a mong ma ny oth er auth ors. 

In prepa ring th e inocul a tion mate ria l, the lcpromas were homogeni zed in sa line in 
a bl end or, th en centrif uged r ep eatedl y to elimilHlte all traces of tissue. The bacilli were 
counted in s tained smears, and the suspension was diluted with sa line to p ermit inocul a
t ion with the least possibl e number of bacteria . After f urth er mi croscopic control, to 
mnkc sure that th ere wcre few bacilli pel' microscopic fi elel , a nd pla nting sampl es on 
Petl'ag nani culture mcdium, whi ch gave only negati"e result!', th e suspension was r ea dy 
fo r inocula ting into anim a ls. Five different suspensions were used in th e first two g roups 
of anilltals. 

5Accordin g t o the list of groups gil'en above, 4 of t hem we re gi" en th e prooxid a nt diet 
nnd 2 wcre g i\'cn ordin nry diet . H owever, accordinj:(' to th e side·hends of the in dividunl g roups 
un der Rcsults, it nppca rs that only Groups 1. 3 and 4 " 'ore given the pl'oox ida nt diet whi le 
the di ot of Group 5 is dcseribed ns " ln cked." I n tho tcxt (p. 15 ) , Group 3 is SII id to hn\'e 
" lacked on I' itnmiJl E ." A lso (on p. 6 nnd 15) there a re statemen ts which suggest th a t th ere 
is H difforcncc betwcen diot lackin g in vita min E a nd prooxidant diets, suggesting a di fference 
the naturc of whi ch is not eddent. "Lacked" nlso nppear r epea tedly in the la ter pa rt of th e 
a rticle. Lfl cking a key to its usage, that term hns not heen cha nged.·-E DITOR. 
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.. L Inocu.laUo1! 1lI etitod.- Jn oculatioIl S wCI'e Illud e onl y into the teste. , because of 
pre\'ious experience (12) and beeuuse this orga n is the one in whi ch the effect of diets 
lu<:king in vitamin E and prooxidunt diets is most qui ckly established. Both testes were 
inoculated in each animul. 

fl . Detennin(ttion of the pToox id·ization condition.- In ord er to determine when the 
animals wel'e r eady fo r inoculation we observed the following conditi ons: The rat is sep
uI'ated from its mother onc month after birth at the latest, a nd placed on the special diet 
at that time. EYiJence of its effect consists in modifi e!ltions in thc f UI', diffusc baldness, 
loss of weight, reduced sizc, decrease in tl1(' number or disappeHrlll1 e(' of the ;;;perm ato
zoids, und the prcsence of yellow fut. 

Generu ll y, the inoculation was don e when the unil11 uls had been on the pl'ooxidant 
dict fo r onc month, i.c., at thc agc of two months ; at that time thc changes indicated are 
present. Thesc chunges are l11uch 1Il0re early when the unimuls Ul'C subjected to more 
se\'er c di eting conditi ons, with the ad dition of silvel' nib'ute, cod liver oil , hemoglobin , etc. 

'1' he dec rease 01' disappeul'unce of spel'l11utozoids und the presence of yellow fut, par
ticula rl y the perigonadal and perirenal fat, 0 1' a ltel'ations in the livel', kidney, lung, 
spleen, heart and bone murrow, have been seen in the autopsies. These chunges increase 
with the length of time the animals hflYC been subj ected to the diet. 

RESIILTS, BY EXPERIMENTAL GROUP 

Grou.ZJ J J 0 11 lh e p'roox ida,n t di et a.nd inocu,lated. - Eighty-seven ani
mal s were used in thi s g roup (174 tes ti cles ). S ix of the rats wer e 
subjected to a sever e pl'ooxidant diet; the others r ece ived the diet de
scribed. Longest peri od of observation: 1 year and 9 month s. 

'rhe an imals \\'e l'e examined, including smea rs for acid-fast bacilli, 
7 and 15 days after the inoculation, and then once a month for the 
period of the experiment. "Material for study was obtained by uni
latera l orchidectomy, or by autopsy. Animal s were killed beginning 
from the four·th month after the inoculation in order to observe pos
sible alterations in the other v isce ra. 

Fifty-fh' e animal s of thi s group have been examined to date, i. e., 
110 testicl es ; \\'c mcntion the numher of teo tic1es examined, 'a s that is 
where changes are most easily obse rved. 

Findings : Acid-fast bacteria \\'ith the characteristics of lYI. lepm e, 
and acc retions of an acid-fa st substance of granular aspect in which 
it was impossible to find bacterial form s, were observed in 4-8 of the 
55 rats examined. The number s of bacteria found have in general been 
small, not enough to permit the a ssumption that multiplication had 
occurred. The number s did not prove to be greater when the testicular 
tissue was homogenized. There were no interesting changes in the 
color Or the morphologic characteri s ti cs of the bacilli. 

,Vith r eferen ce to the acid-fast suhsta11ce mentioned, it disappear ed 
when the homogenization method wa s used, nor was it found in th e 
('ont1'ols made after homogenization. 

In some cases, bacilli wer e found grouped and sometillles granu
lated. Nowell -stained "young form s" were found, such a s can be 
observed ill active lepromas. 

Histopathology: ~o important chaJlges were observed in the hema
toxylin-eosin section s. Using the Zi('hl .. Neelsen method, spermatozoids 
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with fuchsinophil granulations and bodies were found. In general, 
bacteria wer e liot observed. 

Group 2, on ordinary diet and i'l1oculated.- Number of animals inoc
ulated, 20 (40 testicles ). The study of this group was carried out in 
the same way as the previous group. The longes t period of observation 
was 1 year and 4 months. 

Results : In the total of 20 animal s we found bacteria or acid-fast 
granulation s in 17. Again, a s with the animals fed the pro oxidant diet, 
ther e was no evidence of multipli cation. J\ lthough th is group has only 
confirmed what is already known about the inoculation of rats with 
lJIl. iepm e, it has shown that it is possible to find bacilli with typical 
color and morphologic characteri sti cs as late as 1 year and 4 month s 
af ter inoculation. 

The Ziebl-Neelsen stain showed ge nerally pink or r ed spermatozoid 
tails. In some cases the spermatozoids were frankly acid-fast, but this 
does not hinder the sear ch for bacilli , nor i there any possibility of 
confusion. 

W e have ohserved that the spermatozoids decrease in number with 
the age of the rats. In on e in stance, in which their number s were very 
small, we found some acid-fast g f'OUpS very similar to tho se we saw in 
the animals of the first group ; apparently the production of thi s sub
stance is facilitated by old age. 

Histopathology: T esticles and epididymis were withou t apparent 
lesions. The Ziehl-N ee]sen section s show the heads of the acid-fa st 
spermatozoids. 

Group 3, on the 1J'rooxiciant diet 'W'ith out inoculat'ion.- Number of 
animals examined: 20 (40 testicles ). I-Iongest period of observation: 
1 year and 4 month s. Some of th ese animal s were submitted to a more 
severe prooxidant diet. 

Results : The most important thing in this group was findin g', in 
almost all of the testicles examin ed as well as in other organs, accre
tions of an acid-fast substance vef'y similar in aspect to numerous 
grains of M. leprae. In some cases they had an elonga ted shape, with 
a pseudobacillal'Y morphology. These pictures wer e found most fre
quently and in gr eatest number in animals which had been longest on 
the lacked diet, and in those subjected to the more severe pl'ooxidant 
diet. This fa ct has been pointed out by Quartrup et al. (10), Ma son et 
al. (9), Bet'gel (2 ), and other investigators, who have r eported the pres
ence of an acid-fast substance, r elating it to the yellow fat which is 
found in hibernating animals, especially in the young " mistela mink. " 
This picture appears in similar form in animals fed experimentally on 
special diets. 

Histopathology: Abolition of spermatogenesis. Fuchsinophil bodies 
which cannot be identified as ba cilli were observed after Zi ehl-Neelsen 
s taining. 
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Gro'u,p 4, on the pr'oo;l'idu,nt diet and inoc'ula fed with dead ba.c'illi.
Number of animals, 10 (20 testicles ). Longest period of observation, 
1 yea r and 4 months. Fo r the dead bacilli used in this g roup, lepromin 
was used as the inoculum. 

Findings : Acid-fast bacilli were found in 4 of the animals. Ther e 
were also observed groups of an acid-fast substance with the same 
cha racteristics as those found in Groups 1, 3' and 5. 

The value of thi s control group lies in the fact that, in addit ion to 
accretions of an acid-fast substance similar to those found in all the 
other animals submitted to prooxidant diets, there could be found acicl 
fast bacilli, although few in numher , as late as 1 year and -I: months 
after inoculation. 

Gr'o'up 5, lacked and stt,billoculat ed.- Number of animals, 23 (-4-6 
testicles ). Longest period of observation, 7 months and 20 days. Th e 
inocula for this g roup were prepared from rat testicles of a previous 
experiment which conta ined few bacilli per microscopic field. 

Results: In 17 of the animal s, accretions of acid-fast substance wer e 
found and, very rarely, isolated acid-fast bacilli. 

Group 6, on or'dina1'y diet a.nd su,binoculat ed.- Number of animals, 
10 (20 testicles). Longest period of observation, 7 months. The same 
inocula were used in this group a s in Group 5, 

Results: Isolated bacilli were found very rarely. 

DISCUSSION 

The total of the groups examined consists of 118 rats in inoculated 
Groups 1, 2, 4, 5 and 6, which means the examination of 236 testicles. 
To this number must be added the 20 rats (40 testicles ) of Group 3, 
lacked on vitamin E and not inocula ted. In total, therefore, 'we have 
studied 138 rats, examining 276 testicles. 

Befor e summarizing the general results, it is desired to draw par
ticular attention to those obtained in Group 3, the rats on the prooxi
dant diet but not inoculated. 

(a) In view of the presence of accretions of acid-fast substance 
having an appearance similar to bacillary groups or bacillary granula
tions ; 

(b) In view of the fact that these acid-fast accretions were also 
found in Groups 1, 4 and 5, animals on the prooxidant diet hu t 
inoculated; 

(c) In view of the error to whi ch this may lead when one has )l ot 
taken the precaution of including lacked group controls or controls of 
a prooxidant diet but withotd inoculation (Group 3 of our experiment) ; 

(d) In view of the need of always using the homogenization method 
for the tissues of all animals subjected to special diets and inoculated, 
in order to avoid the mistake of supposing, on the basis of the micro
scopic impression alone, that a bacillary development exists; 
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For all these l'eaSOn f; , the blank group is the 1ll0f; t important con
trol to vel'ify \vhetheJ' all inoculation has been pOf;itive or not. 

The general r esult f; may be f; ummarized as follow s : 
(1) Bacilli were found in proportions which va ried fl'om 83 to 85 

per cent in inoculated rats, in 30 and 7-1: per cent ill f; ubinoculated l'at s, 
and 40 pel' cent in rats inoculated with dead bacilli. 

(2) Tt was impossibl e to p l'ove multip li cation of the leprosy lm cil 
lu . since, in spite of the hi gh percentage of positive findin gs , in no 
single case wa s the numhel' of ba cilli found g l'eatpr than that of th e 
inoculum. 

(3) Groups of an acid-fast suhstance \\' e re found in 86 pel' cent of 
the lacked animal s 01' in those suhjected to the prooxidant diet , whether 
inoculated or not. It was ef; tahli f;hed that- thi f; acio -fa st suh~tance is ill 
no way related to M. Tepra e for th e followin g reasons : 

(a) Its presence in the con trol g roup that wa s 1I0t inoculated 
(Group 3) ; 

(b) Its absence in th e smea rs made after homogenization for the 
purpose of eliminating all traces of tissue ; 

(c) The disc repancy he tween ih lllicroscopic appearHlIC(' befor e and 
after homogenization. 

(-l:) QUI' attention wa s drawn to th e presence of bacilli and cocci, 
not acid-fast and without the characteristics of ill. 'Zepm e, in rats in 
appareJ1t good health a year or more after inoculation with M. Zeprae, 
in some animals of the various groups. 

(5) In one of the experimental groups (Group 2), a very few 
spermatozoids and acid -fa st group. with the characteristics of yellow 
fat were found in the testi cles of a nonlacked rat 1 year and 8 months 
old. Thi s finding is interpr eted as a change connectecI with age. 

CONCLUSIONS 
After intensive experimental work carried on during almost four 

years, the following conclusion s ha\' e been al'l'ived at: 
1. No multiplication of M. Zepra e occurs in rats subjected to a pro

oxidant diet. 
2. It is easy to find accretions of an acid-fast substance in animals 

on a lacked diet, which may lead to confusion if those accretions are 
considered to be g roups of granulation s or leprosy bacilli . 

3. This acid-fa st substance often increases with the time the animal 
is subjected to a lacked diet, and is greater in animals subjected to 
sever e prooxidant diets. 

4. These acid-fast accretion:;: are not related to the Jll. Tepra e as is 
shown by the control Group 3 (lacked and not inoculated). 

5. Subinoculation \Va not successful. Using the control. estab
lished in the pre ent paper, i.e., control g l'oups of animal s and homog
enization method, we found that th e numher of bacilli wa s not gr eater 
than in tb e in ocu 1 um. 
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6. Both ill the subinoculated and in the lacked animals we foulld 
g roups of acid-fa st substance, a substance which is exclusively con
nected with their state of prooxidization and in no way r elated to th e 
supposed llIultiplication of the bacilli. This is sho'wn by the control 
g roups composed of lacked rats whi ch have not been inoculated and by 
sear ch for JIll. lep'l'o e after homogenizat.ion .. 

7. It is ll ecessary to demalld that th e experilll elltal work in leprosy 
he carri ed out s tri ctly according to the classica l rules accepted in bio
log ic inves ti gatioll ; otherwi se e1'1'oneous conclus ion s may be r eached. 

8. The f ail u re of a 11 a ttem pi s to da te to 0 htai 11 infection hy inocu
lation of animal s with .1 / . lepl'o e, obli ges us to r econsider our knowl
edge of this bflcillus whi ch r efu ses to fulfill the postula tes of Koch, and 
to try to understand better its behavior in it s only host, man, in order 
to provide it , outside man, with the neceSSfll'Y conditions for its 
multiplication . 

SU M M ARY 

Tn order to s tudy the possibility of multiplication of M. lelJ rae in 
r a ts fed on a diet lacking in vitam in E , and continuing previous experi
ments, we proceeded to ma ke intra testicular inocula tion s of M. leprae 
obtained from pati ents \\'ho had Hever rece ived antileprosy treatment, 
to a group of ra ts fed a prooxidant diet, using another three groups as 
controls. One of th e controls wa s a group of rats which wer e inoculated 
but not lacked on v itamin E; th e second group consisted of ra ts which 
were not inoculated hut lacked on vitamin E, and the third group wer o 
la cked on vitamill E alld inoculated with dead bacilli. 

'rhe facts es tahli shed by the tes t g roup and the cOHh'ol g roup a t 
the end of period s of observat ion which vari ed from 1 year and 9 
months (test group) to 1 yea.r and -I- months (control group) do not 
demonstrate that there occurred a.ny multi pli cation of M. lep'rae in 
these animal s. 

RESUME N 

A f in de estudial' lu pos ibilidad de la multipli cacion del M. lepl'a e f' n las l'atas ali 
mentadas con un l'egimf'n cal'ente en vitamina E y, en co ntinuacion de eX pel'illlcntos ante
riOl'es, se procedio a veriti cal' inoculaciones iutrutesticulal'es de M. lepl'a e obtenidos de 
enfel'lllos que j Ulmls habian l'ecibido tra tam iento antil epl'oso, a un g rupo de I'a ta~ a las 
que se haMa suministrado una alimentacion prooxidante, usando otros tres gl'UpOS como 
testigos. Uno de los testigos era un grupo de ratus, que f uer on inoculadas, p er o que no 
cal'ec1an de vitamina E; el segundo grupo costaba de m tas que haMan sido inocul ftdas, 
pero que ca l'ecian de yita rn ina E, y el tercel' g l'upo ('I'll ('Il l'ente en vitalllinll E y haM,a 
sido inoculado con bacil os muel'tos . 

Los hechos estublecidos p Ol' el gl'UpO de ensayo y los g l'upos de testigo. al f inal de 
p erlodos de obse rvac ion que varia ron de 1 ano y 9 mese (gl'upo de ensayo ) u 1 ano y 4 
Ill eses (grupo testigo) no Illu pstl'a n que hllya habirlo Ilml t ipli cacion del M. lepl'ae en c tos 
animales. 
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RESlTMJ.: 

Afin d'etudier la possibilite d'unc nlUltiplicHtion de 111. leprac chez des rats noun'is 
pal" un regime manquant de vitamine E, et dnns Ia. ligne d'experimentations antel"ieUl"eS, 
nous avons pl"Ocede, chez un groupe de rats soumis a une diete pro-oxydante, a des 
inoculations intratesticulaires de M. lep'rae obtcnus de ma lades qui n'avaient jamais re~u 
aucun traitement contte la lepre. Trois autres groupcs de rats ont ete pris comme 
temoins. Un des groupes de contrOle consistait en gl'oupe de rats qui furent inocules mais 
n'etaient pas soumis a une carence en vitmnine B ; Ie deuxieme groupe etait compose de 
rats soumis a une carence en vitamjne E mllis non inoculesj Ie troisieme groupe etait 
soumis a une carence en vitami ne E mais fut inoeule avec des bacilles morts. 

La periode d'on!O;e rvation a varie de 1 an et 9 mois (groupe teste) a 1 1111 et 4 mois 
(groupes temoins). Les fa its etablis a In fin de l'observation par I'nnalyse du groupe 
etud ie et des gmupes temoins ne demontrent pa : qu'il se soit pl"Oduit UIl(' multiplication 
de M. lep'ra e rhez (:es animaux. 

Acknowledgement-I wish to express Illy gratitude to the Patronato de Leprosos, 
which contribut£'d the histopathologic study and the microphotographs made by Dr. Pablo 
F. G. Bosq. 
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