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Introduction 

I n  an extensive series of papers which we have recently sum­
marized t ,  2, 3, we published theoret ical and experimental fi ndings 
which permit ted us to establish a con nect ion between the autoxi­
dation of l ipids and the pathogenesis and therapy of leprosy. 

Of al l  these findi ngs, the growth of M. /eprae in the testes of rats 
fed pro-oxidant d iets4, 5 ,  6 (a semisynthetic diet with a very low con­
tent of vitamin  E and contain ing I S  % of l i nseed oi l )  deserves special 
attent ion,  part icularly in conj unction with results reported in this  
paper. 

In rats fed this diet and i noculated i ntratesticularly with M. 

/eprae, reprod uct ion of this bacill us i s  sufficient to permit its passage 
in rats in series, as wel l as the development of i n tegral lepromins .  
The observat ion that  such lepromins from rats behave s imilarly to 
lepromins of human origin confirms the biological specificity of the 
baci l l i  obtained from the i noculated animals7• 

U sing pro-oxjdant diets of various types with the object of trying 
to find the best experimental conditions for the growth of M. /eprae 
in rats, we carried out  the experiments which are described below . 

Material and Methods 

Thirty-six white male rats, raised under the usul\l n utri t ional  
condit ions from birth up to the 2 1 st day of age were d iv ided into 
six groups with s ix  an imals per group, and were then submitted to 
the condit ions described below. 

The groups were designated by letters A to F ;  groups A and B 
were controls, whi le groups C, 0, E and F const i tuted the experi­
mental groups.  

GROUP A. This group remained throughout the ent i re experi­
ment on a complete diet consist ing of fresh vegetables, bread and 
milk,  and water ad libitum. 

GROUP B .  The animals i n  th is  group were fed s imilarly to 
those in  the previous group,  plus twice weekly  addit ion of 40 to 
50 mg. of d- l alpha tocopherol acetate given to each rat by mouth. 

GRO U P  C.  The animals in this group were given the followi ng 
semi-synthetic diet with a low content  of vitamin E and 1 5  % of 
crude l inseed oi l : 
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Dry 
mix 

{ Casein 
Yeast powder 
M ineral salts 
Corn starch 
Crude linseed oi l  
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23 .8  gm.  
8 .9  gm . 
3.0 gm . 

48.9 gm. 
1 5 . 5  gm . 

The components of this  diet, except for the oi l ,  are common to 
the rest of the groups and from now on wi l l  be referred to as the 
dry mix. 

The mixed mineral salts which were used correspond to the for­
mula of H ubbel l ,  Mendel and Wakeman (J . Nutr i t ion 1937,  1 4, 273). 

The casein employed i n  these diets was industrial casein used 
wi thout previous extraction of l ipids. The oils were added dai ly to 
the rest of the dry mix.  

GROUP D. Animals in this group were maintained on the 
following diet : 

Dry mix 84.6 gm. 
Cod liver oil 1 5 . 5  gm. 

GRO U P  E. The animals i n  th is  group were fed as fol l ows : 
Dry mix 84.6 gm . 
Crude l inseed oi l  1 5 . 5  gm. 

This diet, s imilar to that of group C, was prepared dai ly and was 
kept in open cans for six days before being administered . In addit ion 
the diet was aerated daily and was heated gen tly for two hours .  The 
change in colour and odour during the six days period showed that 
the diet was becoming rancid and i t  was i n  a rancid condi t ion when 
used to feed the animals. 

GROUP F. The rats i n  this group were fed on the following 
diet : 

Dry mix 84.6 gm . 
Cod l iver oi l  1 5 . 5  gm. 

During the entire experiment,  the drink ing water consisted of 
tap water to which was added 0.5 parts per thousand of si lver n i trate. 

I n  addit ion, after 2 1  days and for 4 months afterwards we gave 
a once weekly subcutaneous injection of ! to 1 cc. of rat blood 
haemolysate prepared in  the following manner. Taking 3 cc. of rat 
blood and adding 3 cc. of distilled water, the whole was filtered 
through wet filter paper and the filtrate was used for i nject ion .  

On the 36th day, after being placed on the indicated experimental 
conditions, at which time the rats were 57  days old, an inoculat ion 
was given in  each testis of all animals of 0. 1 cc.  of a recently prepared 
suspension of M. ieprae. The bacterial suspension was made by 
grinding a large leproma obtained from an untreated leprosy patient 
and suspending t he ground material in 1 5  cc.  of physiological sal ine .  

Two, five and seven months after the inoculation, two animals 
were sacrificed from each group, except when animals died,  as i n  the 
case of group F.  
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The testes, o ther  organs and the depot fat of  each an imal were 
i nves t igated .  Bacterioscopic s tud ies were made of one tes t i s  of each 
an imal and h is topatho logical s t udies were made of the other one. 

The bacteri oscopic exami nat ion consisted of count ing the 
bac i l l i  and globi presen t  i n  50 microscopic fields of 4 impression 
smears making a total  of 200 fields counted. A qua l itative study was 
also made by examin ing  the morphological and acid-fast character­
i s t ics of 50 baci l l i .  A l t hough a l l  t hese st udies yielded only approxi­
mate figures, we bel ieve that the resu l t s  are sufficient ly exact to give 
a reasonably accurate idea of the q uant itat ive and q ua l i tat ive 
bacteriological changes occurri ng in the  testes of the inocu lated 
an imals .  

The bacteriological s t udy of t he testes was made by means of 
impress ion smears stai ned by t he usual  method of Ziehl- Neelsen,  
and also by h is to logical sect ions of t i ssues embedded i n  paraffin and 
sta i ned by t he usual methods for acid-fast baci l l i  in t i ssues .  

Experimental Results 

G RO U P  A. (Complete d iet) .  I n  th i s  group we noted a progres­
sive decrease in the n umber of baci l l i  in both testes from the second 
t hrough to the sevent h month of inoculat ion ,  with gran ulat ion and 
loss of acid -fast ness of t he baci l l i .  

A t  t h e  seventh month t h e  histological sect ions d i d  n o t  show any 
acid-fast baci l l i  i n  the testes, and the impression  smears of these 
organs showed only a smal l  n umber of gran u lated baci l l i  wi th loss 
of acid-fast propert ies .  

G RO U P  B .  (Complete diet  wi th vi tamin E added by mouth) .  
The bacteriological pict ure of th i s  group of animals was approxi ­
mately the same as that  of the preced ing group  A .  In  fact at the end 
of the seventh month after inocu lat ion ,  t he h is to logical sect ions d id  
not show any acid-fast baci l l i  and impression smears showed on ly  
a very smal l  n umber of bac i l l i  wh ich for the most part were granu lar  
wi th loss  of  acid-fast ness. 

G R O U P  C. (V i tami n E deficient d iet  with 1 5  % l inseed oi l). In 
t h is group we noted a progressive increase of baci l l i  i n  the inoculated 
testes. At the fifth  month there appeared in the inoculated testes a 
large q uant i ty of th in  baci l l i  which were not very acid-fast, s imi lar  
to baci l l i  seen by us i n  previous work S  which we have termed "bacilos 
de regeneraci6n",  i . e . ,  new baci l l i ,  of new growth .  The sections 
showed the presence of t hese baci l l i  i n  the in tertubular spaces. 

The cont rast in the bacteriological pict ure between the second 
and the fifth month after i noculat ion was h ighly s ignificant. In the 
second month the baci l l i  were largely acid-fast, granular, and of 
character ist ic d iameter, whi le  at the fifth  month bacil l i  of new growth 
began to  appear with characterist ics a lready described . 

G RO U P  D .  ( Vi tamin E deficient diet  wi th 1 5 %  cod l iver oi l ) .  
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Bacteriological st udies of the inocula ted testes of an imals  i n  th i s  
group showed a progressive increase in  the n u mber of baci l l i  from 
the second to the seventh month after inocu lation .  At  the seventh 
month quantit ies of new baci l l i  and histologica l sect ions showed the 
presence of these baci l l i  i n  the i ntert ubular spaces. 

G ROU P E. (Vitamin  E deficient diet with 1 5  % rancid l i n seed 
oil) .  Bacteriological studies of the i nocu lated testes showed a very 
noteworthy increase in the n umber of baci l l i  from the second to 
seventh month after inoculat ion . A lready at the fifth month one 
would see large n umbers of new baci l l i  wh ich became very freq uent 
at the seventh month when the total n umber of bacil l i  was enormous .  
A t  th is  t ime both new baci l l i  and baci l l i  with the usual  character­
ist ics were observed . I n  histological sect ions both types occurred i n  
the  i n tert ubular spaces. 

G R O U P  F. (Vitamin E deficient diet with 1 5 %  cod l iver o i l ,  
with si lver n i t rate added to the drink ing  water and with inject ion of  
haemolysate). Bacteriological st udies of th is  group, made i n  al most 
all of the an imals in the fifth month after i noculat ion ,  showed at th is  
t ime an extraord inary n umber of homogeneous and st rongly acid­
fast bacill i .  New baci l l i  were also observed . The extreme acid-fastness 
and homogeneity of t hese baci l l i  were very remarkable, as was the 
number of new baci l l i  t hat were present .  In add it ion we observed 
large red spots composed of tho usands of acid-fast baci l l i .  One 
animal of th is  group showed masses of homogeneous and strongly 
acid-fast baci l l i ,  which formed compact globi i n  the lungs and spleen , 
and to a lesser extent i n  the l iver. The bacillary richness of the i nocu­
lated testes was extraord inary ; h istological sections showed enormous 
numbers of baci l l i  and globi d isseminated throughout the i nter­
tubular spaces. The experimental resul t  of th is  group has been 
described previously8 .  

Discussion 

From the results of the experiments descri bed above we can 
draw the following concl usions : 

1 .  I n  regard to the format ion of ceroid pigment i n  the fat depots, 
observat ion of the colour of the fat indicated the absence of th is  
pigment i n  groups A ,  B, C and E ;  and a great q uantity of pigment in  
groups D and F. 

In respect to the atrophic degenerative change i n  the testes, s uch 
changes were absent i n  the control groups but  were manifested in  
the  rest of the groups, especial ly i n  an i mals sacrificed i n  the fifth and 
seventh months of i noculat ion .  

2 .  The weight of the animals of al l  the groups was essentially the 
same except in  the case of group F i n  which some of the animals 
suffered an appreciable d imination i n  weight as compared with the 
animals i n  other groups .  



FIG.  I .-Impressiol/ smear of testis of 
rat Croup C sacrificed at the fifth mOl/lh 
after inoculatioll showillg group of new 
bacilli. ( I000x) 

FIG.  2 .-Impression smears of testis of 
rat of Croup F which died ill the fifth 
month after inoculation showing large 
red spot composed of acid-fast bacilli. 
( IOOOx) 



FIG. 3 .-lmpression smears of lung of 
a rat of Group F found dead in the fifth 
month after inoculation, showing large 
globi, one of which is intracelllllar. 
( IOOOx) 

FIG. 4.-Section of a rat testis of Group 
F found dead in the fifth month after 
illoculation showing a great quantity of 
agglutinated bacilli in the slIbcapsular 
zone .  (IOOOx) 
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I t  must be em phasised that i n  none of the i nocu lated an imals 
could there be observed any type of macroscopic lesions,  nor hyper­
t rophy of any organ att ributable to the  growth of the Hansen baci l l i .  

3 .  The an imals  of  the two  control groups· showed practically 
ident ical bacteriological pictures of progressive d im inut ion in the 
number of baci l l i  in t he i noculated testes. In addi t ion ,  the bacil l i  
suffered al terat ions  i n  morphology and stai n i ng  abi l i ty, consist ing 
i n  gran u lat ion and loss of the acid-fastness. 

At  the seventh month after i nocu lat ion ,  im press ion smears 
showed only a very low number of granu lated and non -acid-fast 
baci l l i .  This  can be taken as evidence that  cond i t ions were unfavour­
able to the growth of M. leprae. 

4. A l l  the experi menta l  groups showed an evident and progressi ve 
i ncrease in the number of bac i l l i  from the second to the seventh 
month after i noculat ion ; i t  m ust be emphasised however that the 
bacteriological picture in each group was dis t i nct. Groups C and E 
showed the appearance of new baci l l i  at the fift h  month after 
i noculat ion ; group 0 showed them at the seventh month .  On the 
other hand, group F at  the fifth month showed an enormous number 
of strongly acid-fast baci l l i ,  whose degree of acid-fastness was not 
observed i n  any of the other groups.  

5 .  In regard to the richness of baci l l i ,  groups E and F showed an 
enormously i ncreas i ng  growth of M. leprae. On the other hand the 
growth rate of t he baci l l i  was of a lesser degree in groups C and D .  

6 .  From the resu l t s  of these experiments one deduces that t here 
is no d i rect relat ion between ceroidogenesis and the growth of 
M. leprae. Although it i s  certa in that wi th d iets such as diet F which 
i s  strongly ceroidogenic there was obtained an enormous develop­
ment of baci l l i ,  such development also was seen with diet 0 which 
i s  very weak ly ceroidogen ic. 

7.  For reasons which escape us, but which may be connected 
with genet ics, not all of the an i mals reacted i n  the same way, and 
a l though the resul ts  in general were more or less un iform, some 
an imals wi th in  a g iven group showed less development of the bacil l i  
than others. L ikewise i t  appeared that in  some an imals the growth 
rate of the baci l l i  s lowed soon after reach ing  a high level, and i n  
t hese cases t h e  baci l l i  seemed even to deteriorate i n  regard t o  
morphology a n d  acid-fast ness. 

8 .  The group of an imals  i n  wh ich condi t ions  were t he most 
favourable for the growth of M. leprae was group F.  The diet of th i s  
group i s  h igh ly  ceroidogenic and pro-oxidant ,  and i n  addit ion to 
favouring the growth of the baci l l i caused marked renal and hepatic  
changes wh ich  l ed  to the premature death of a large number of the 
experi mental an imals .  

9. From the poin t  of view of im portance i n  the pathogenesis of 
h uman leprosy the diet wh ich can be most plaus ibly connected with 
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leprosy i n  humans under natura l  cond i t ions  is d ie t  E. This d ie t  
conta in ing J 5 % of rancid l i nseed o i l  caused an extraordi nary 
growth of M. leprae. The re lat ionsh ip between the consumption of 
this d iet by rats i n  wh ich M. leprae would m u l t iply and the ingest ion 
of large quanti ties of rancid foods by popu lat ions  l iv ing where 
leprosy is endemic is h ighly s ign ificant and merits futu re i nvest iga­
tion in  the field of the prevent ion,  pathogenesis and treatment of 
leprosy. 

Tak ing  .i n to account  the h igh variety of pro-oxidant factors and 
the possible combinat ions of two or more of t hese, such as for 
example pro-oxidant metall ic catalysis ,  perox ides, oxygen ,  poly­
unsaturated oils, rancid fats, i rradiat ion ,  absence of ant i-oxidant 
factors, etc. , i t  is easy to real ize that there are many possib i l i t ies 
for finding optimal n utri t ional  and pharmacological condi t ions for 
the growth in vivo of M. leprae. 

Summary 

A comparative study has been made of the growth of M. leprae 
i noculated intratesticularly i n  white rats submit ted to various 
pro-oxidant  nutrit ional condit ions .  With the pro-oxidant diet  
employed (Vi tam in  E deficient d iet wi th l i n seed o i l ,  with rancid 
l i nseed oi l ,  with cod l i ver oil ,  with or wi thout  the add i t ion of s i lver 
n i trate in the dr ink ing  water and i nject ion of haemolysates) there 
was a notable growth of M. /eprae i n  relat ion to the i r  growth i n  
control animals fed on ordi nary diets .  The  great developmen t  of  
M .  leprae i n  t he  group of  animals which received the  diet contai n i ng  
the  rancid l in seed o i l  may  be  connected with the  pathogenic mecha­
n ism of h uman leprosy. It i s  i nd icated that the search for new 
nutri t ional and pharmacological pro-ox idant factors may lead to the 
finding  of opti mal condit ions for growth in vivo of M. leprae. 
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