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INTRODUCTION 

Most of the chemotherapeutic agents for leprosy in use today were 
selected on the basis of their efficacy in the treatment of tuberculosis. 
Unless newly developed agents first pass screening tests with respect 
to tuberculosis, they are discarded even though they may contain com­
ponents effective against leprosy. A different medium for d iscovering 
new therapeutic agents for leprosy should be employed, and fot' that 
murine leprosy is to be considered. 

Many investigators have utilized murine leprosy in studying chemo­
therapeutic substances for leprosy, but the results hav.e been conflicting 
because of differences in the experimental methods used. The results 
even with identical agents do not agree. The relationship of an agent to 
murine and human leprosy has not been clarified, so that it is not certain 
whether the results obtained in murine leprosy can be applied to human 
leprosy. In order to attain these objectives the experimental methods 
must be unified, a simple standard for evaluation set up, and the length 
of time required for evaluation shortened. For the past several years 
we have conducted a series of studi es in an attempt to find a method 
which would fulfill these requirements. As a result we have devised 
one which we believe to be suitable. The experiments and the results 
are presented here in summary fashion. 

EXPERIMENTAL WORK 

J. SELECTION OF STANDARD STRAIN OF INOCULUM 

A standard strain of M. leprae m,1tri~tm, for screening chemothera­
peutic agents for leprosy therapy, analogous to the H37Rv strain of 
M. t~tberculosis used in experimental tuberculosis, should be selected. 

Comparative tests were conducted with four strains of murine 
leprosy, including the three most commonly used in .Japan (the 
Kumamoto strain, the Fukuoka strain, and the Police Depai·tment 
strain), and also the Hawaiian strain,z in order to select the most 
virulent one. 
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E.xperimental method.-Th e sizes of the lepromas produced after subcutaneous 
inoculation in mice by the four strains used were compared. 1'he method used in this 
exploratory experiment was as follows : 

Inoculum: To maintain a constant bacterial number, the lepromas of 3-5 mice were 
co ll ected, weighed, pooled, and ground finely in a mortar. A 1/ 100 suspension in 
phys iologic saline was filtered through four layers of steri le gauze. The number of bacilli 
of each preparation Wl1 S ea leula l'ec1 by the Breed method and was fo und to be about 50,-
000,000 per cc. 

Animal, s ite and inoculum : For the animal, uniform strains NAI and NA2 male 
mice weighing 15 -+-1 gm. were selected. The inoculations were g iven slIbcuta.neously 
over the abdomen. For the inoculation close we used 0.2 cc. of, besides the orig inal ] 0-2 

(1/ 100) suspension, also 10-4, ]0-6 , 10- 7 and 10 8 di lutions. 
Evaluation of the results : Two different criteria were used for the evaluation of 

results. One was the s ize (spread, area) of the subcutaneous leproma a:t the s ite of 
inoculat ion. The other was the distribution of the bacilli to the organs as determined on 
autopsy. 

(a) The size of the lepromas was measnred with a micrometer gaug'e and the 
fo llowing standard was used for their evaluation. 

Size of L epromas and S tanclarcl 101' Eval~lation 

Size 

1 to 10 nun 2 

11 to 30 mm2 

31 to 70 mm2 

71 mm 2 or more 

PClipation 

trace, millet-size 
half rice grain-size 
rice gra in-size 
red bean-size 

Designation 

-+-
1+ 
2+ 
3+ 

Jnde.x 

1 
2 
3 
4 

(b) The distribution of the bacilli in the superficial structures of the body is for 
the most part in the inguinal, and they also are found in the deeper bronchial, greater 
omental, vertebral and hilar lymph nodes. P athologic changes in the visceral organs 
are most severe in the liver, spleen, lungs and kidney. Impression smears for bacterio­
log'ical examination were made f rom the cut surfaces of those t issues which showed the 
severest changes. The bacillus aggregates or masses wi thin the cells were counted under 
low power, and when no such masses were present in the smear the individual bacilli 
were counted under high power . The results were evaluated by the fo llowing ta,ndard. 

Number of masses 
None a 

1 to 10 
11 to 50 
51 to 100 

>100 
a On 1y solitary bacilli. 

Gmding of Concentmtion of Bacilli 

Designation 

-+-
1+ 
2+ 
3+ 
00 

I ndex 

1 
2 
3 
4 
5 

R esults evalnated by spr-ead (size ) of lepr-011ta.--Thi s experiment 
was done twice, in both instanc~s the animals being observed for 50 
to 90 days. As shown in the first section of Table 1, no great differences 
were noted in the first experiment between the Kumamoto, Hawaiian 
and Police Department strains, but the Fllkuoka strain was somewhat 
less infective. Onset of infection by the Fukuoka strain was also 
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delayed in the ,second experiment, clearl y showing that this strain \Va" 
the lea st virulent. 

T ABLE I.- L eproma development at site of subcutaneous ill o('/tia tio ll, in two 
experiments with various dosages of fou r st'm ins of murine lep rosy . 

S t.rain E xp erimen t 1 
Dilll - -

of tion a No. R!'sulh;, dnys 
inoculum mice 50 70 90 

- --------
]0-2 7 2.1 :3.:3 Cl .6 

10-4 7 0.:3 1.2 2.6 

Kumamoto 10-6 6 0 0.5 2.3 

10-' 4 0 0 0.5 

10-8 6 0 0 0 

- --- ---------
10-~ 7 2.5 3.1 3.4 

] 0-4 6 0 ] .2 2.8 

Hawaiian 10-6 5 0 1.3 2.5 

10-7 4 0 0.5 0.8 

10-8 6 0 0 0 
------------

10-2 8 0.9 1.2 1.8 

10-4 6 0 1.2 ] .:3 

Fukuoka 10-6 6 0 0.8 1.0 

10-7 5 0 0 0.4 

]0-8 5 0 0 0 
------------

10- ~ 8 1.9 2.5 :3.0 

10-4 7 0 1.7 2.4 

P olice 10-6 5 0 0 ] .:3 

10-7 3 0 0 1.0 

10-8 5 0 0 0 

• Dose, 0.2 cc. throughout . 

No. 
mlC!' 
---

-
20 

20 

26 

21. 
---

-

19 

21 

26 

21 
---

-

18 

18 

24 

20 
---

-

18 

18 

24 

20 

Exp!'l'im!'n t 2 

R('sult.s, days 

50 70 -- ---
- -

1.;) 2.9 

0.1 1.1 

0 0.8 

0 OJ. 
-- ---

- -

1.4 2.8 

0.1 1.0 

0 0.6 

0 0.3 
-----

- -

0.3 1.D 

0 0.2 

0.1 0.5 

0 0.1 
------

- -

0.8 2.8 

0.:3 1.1 

0 0.4 

0 0.3 

UO 

_ . 

:l. 

2 . . 

7 

4 

o 2. 

1. 2 
-

-
:1.1 

2.!' 

] . 
] . 

3 

o 
--

-

3. D 

1.5 

1 . . 4 

O.!' 

-

:3. 4 

2.3 

1.6 

0.9 

R esttlts evalu,ated by the distribution of bacilli.- For investigation 
of the distribution of bacilli in the organs, the animal s were killed 150 
days after subcutaneous inoculation and examin ed in detail micro­
scopically. Tissues were taken from six sites : inguinal lymph node, 
axillary lymph node, submaxillary lymph node, liver, spleen and lung. 
The distribution of bacilli is closely related to the quantity of inocululll, 
so three dilutions (10-\ lO-C, , 10-7 ) were compared. As can be seen ill 
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Table 2, examination of 324 samples of tissues of 54 animals inoculated 
with the 10-" suspension r evealed acid-fast bacilli in 160. Conversion to 
the indi ces in the table (see above) gives an average of 7.4 per animal. 
Values higher than this average were given by the Kumamoto, 
Hawaiian and Police Department strain s, while the Fukuoka strain 
gave a value lower than the average. Rimilar r esults were obtained 
with the 10-6 and 10-7 dilution s. 

= 

-

TABLE 2.- Dist ribntion of bacilli in organs of mice 150 days aftel' subcutnneous 
inoCt~latiOlI S oj' V(!riOltS dilutions, compal'ing the j'ow- stra ins of 1n1£1'ine lep rosy. 

en 
>:: ;... c.> 

~ '" 1:>0 en 
.0 ~ >:: 
E 

;... 0 
0 c.> ·z en 

Dilu- Strain of <H <H;'" :::J Q) 
;. e.> ~ o"s ~ <H Q) 0 

'" 
I': ;. 

<H 0 en <H~ t ion a inoculum 
;... '" ;... en Q) ;... Q) Q)'~ o @ 
Q) c.> Q) I': I': ~ . ::: ~ 

b.{).~ ~ o ~ ~ >< ;. .0 . _ 
.0 O' ~ ~ ~ 0 ~ ..o 'Z 

E E E'z S ~ ~ - ~ p;'.a '" ~ . ...... - ~ 5'00 
~ ~ 

~ ~ ~ We.> 

~'8 ~ 
"' Q) 

Z~~ Z 8,2 >:: ::l 0 t::..,::: 
'-' 0 HI':P. H..., 

Kumamofo 17 102 51 50.0 131 7.7 

Hawaiian 12 72 35 48.5 90 7.5 

] 0-4 Fuknokfl ]5 90 37 41.1 90 6.6 

Policf' 10 60 37 61.1 82 8.2 

Total 54 324 160 49.4 402 7.4 

Kumamoto 15 90 29 32.2 58 3.8 

Hawa iian 17 102 42 41 .1 88 5.2 

10-6 Fnknolm ] 5 90 18 20.0 38 2.6 

Poli('c 16 96 33 34.4 75 4.7 

Total 63 378 122 32.3 259 4.1 

Kumamoto 21 126 30 23.8 54 2.6 

Hawaiian 20 120 25 20.8 54 2.7 

10-7 Fukuoka 20 120 19 15.8 32 1.6 

Poli cf' 24 14,1, 34 23.6 72 3.0 

Tota l 85 5]0 108 21.1 212 2.5 

" Dose, 0.2 ce . 

On the basis of the results of these compari sons, it can be seen that 
there are no great difference betw e€'n the Kumamoto, Ha'waiian and 
Police Department strains as r egards either the size of the leproma 
or the di stribution of the haciHi, wher eas the Fukuoka strain .is less 
v irulent. Anyone of the first three strains could therefore be used, but 
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it was deci ded to employ the internationally I<nown Hawaiian strain in 
further experimen ts. 

II. SITE OF ] :\fOCULATION AND QUANTITY 0]0' INOCU LUM 

The favorite sites of lesion formation in murine leprosy are the 
loose subcutaneous connective tissue and the lymph nodes, followed by 
the liver and spleen which are rich jn r eticuloendothelial elements. The 
most sui table metho<;l for enhancing infection woulc1 be to fix accurately 
the,inoculation bacmj in these tissues. H owever, if too large a quantity 
of inoculum is injected, evaluation of the effect of any drug admin­
istered afterward is difHcult, so it would be ideal to employ a quantity 
of inoculum sufficient to induce infection and to afford simple, accurate 
judgment of the pathologic changes macroscopically. 

In experimental method s used heretofore, hi ghly concentrated sus­
pensions such as 1/ 5 to 1150 have been used. r:rhey have been inoculated 
by different investigators subcutaneously, intraperitoneally, intrates­
ticularly, intravenously, intramuscularly, intranasally, intrathecally, 
intraocularly, and intracorneally. In our studies, with the object of 
determining the relation between speed of infection and quantity of 
inoculum, and also the ease of judgment, we compared the subcutane­
ous, intramuscular and intravenous routes. 

1. Subc~daneo~tS inoculation.- Quantity of inoculum and leproma 
development: The number of days required for development of the 
leproma to 1 +, or an index of about 2, was inves tigated in the 372 
animals inoculated subcutaneously with various dilutions from 10-2 to 
10-8, as shown in Table. 1. It was found that the 10-2 dilution r equired 
30 to 60 days, the 10-4 dilution 60 to 90 days, the 10-6 dilution 90 to 
150 days, the 10-7 dilution 120 to 180 days, and the 10-s dilution more 
than 150 days. With dilutions higher than 10-6 there were great indi­
vidual variations. From these results it can be seen that the minimal 
quantity for development of a leproma within 90 days is 0.2 cc. of the 
10-4 suspension, and that for development within 60 days the same dose 
of the 10-2 dilution is required. The latter suspension, however, is quite 
concentrated, and the evaluation of the effects of weakly-acting drugs 
appears somewhat more difficult. 

Ease of evaluation: It is very easy to measure the leproma macro­
scopically, and by use of a micrometer gauge the measurement is made 
accurate. Pathologic changes occur in the organs and are found most 
frequently in the lymph nodes with swelling, tubercle formati9n and 
necrosis ; and, with progression of the disease, such changes also occur 
in the spleen, liver and lungs. In the majority of animals, howevel\ 
such changes in the organs are found only after a lapse of more than 
five months, and so evaluation by pathologic changes of that kind is 
not practicable. 
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Study of the distribu60n of the bacilli shows that a large nnmber 
are present chiefly in th e lymph nodes, and after inoculation with the 
10-2 suspension, bacilli are found in th e inguinal and axilla ry nodes of 
the majority at 60 days . 'With the 10-4 suspension, however, hacilli are 
present in only a few places in 90 days, and even after] 50 days they 
are found in only about one-half. Evaluation on the basis of di stribution 
of the bacilli is therefore (lifficult when a 'dilute inoculum is used. 

These results show that the inoculation of 0.2 ce. of the 10-4 or th e 
1O-~ suspension is best suited for hort-term observation of leprollla 
development afte r suhcutaneous inoculation, and that evaluation of 
the results hy size of the leproma is relatively easy. 

2. Intraperitoneal inomtlation.- A total of ]46 NA1 mi ce were used 
in two seri es of experiments by intraperitoneal inoculation. It is 
known that with this route a large quantity of bacilli must he inoculated 
to attain development of pathologi c changes within a short time, 0 

1/50 and 1/ 100 (10-") suspensions were used. 
In the first seri es the animal s were sacrifi ced and the organs 

examined for macroscopi c changes and the di stribution of bacilli every 
30 days, from the 30th to th e 150th days after inoculation. J n th e second 
series th e animal s 'were sacrificed and examin ed on the 60th and 90th 
days. 

Quantity of inoculum and speed of development of pathologic 
changes: As shown in the first part of 'rable 3, pathologic changes 
became apparent in 60 per cent of the animal s only after 90 days 
following the inoculation of the 1/100 dilution. 'Vith the 1/ 50 suspen­
sion changes were found in about one-third in 30 days, 70 per cent in 
60 days, and about 85 per cent after 90 days. 

No greater increase in rate of pathologic changes wa found there­
after. On the contrary, the percentages were lower in the animal ' 
examined after 150 days. It is beli eved, hO'wever, that this finding 
was due to the previous death of severely infected animal s, and the 
survival of those only slightly infected. 

Ease of evaluation: The index of macroscopic evalua tion, i.e., the 
fOl"lnation of nodules, appears to be most marked in the greater omen­
tum, followed in order by the bronchial nodes, spleen, liver, and hilar 
nodes of the lungs. The occurrence of lesions, however, is not constant 
even in the greater omentum, and lesions were observed in no more 
than 61 per cent of the anilllal s 90 days after inoculation with the 1/ 50 
suspenSIOn. 

The distribution of bacilli is shown in the second part of Table 3. 
Here too, the highest percentage was found in the greater omentum, but 
this again was not constant, and bacilli could not be regularly detected. 

rrhese results sugge t that the 1/ 50 suspension is more suited for 
intraperitoneal inoculation than the] / 100 dilution. Even with the more 
concentrated inoculum, however, macroscopically detectable lesions did 
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T ABLE 3.- R esults of intrape1'itonea/ inoc'tIJation of 0.2 cc. doses of concentrated 
suspensio ns of the H awaiwn stmin into NAl mice, two expe"im ents, as evaluatecl (a) by 

mac1'oscopic changes in the OI'gans and (b) microscopically by distribution of bacilli. 
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First E x perimeut 
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1 / 50 90 G 5 (83) 2 4 4 1 3 3 2 5 4 1 0 
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1/ 50 
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' (Tota l ) 146 

(Order ) 

12 (63) 
17 (85) 

8 (40) 
12 (60 ) 

7 
6 

5 
7 

2 

2 I 1 10 . 3 I 1 I - I 9 4 3 13 6 5 1 

4 _2 _~_3 _1_4 _1 __ 1_'~~_4_~~_8_ 4 

15 l l - l - n 217230 
I 1 . 10 6 (] - 9 7 2 12 9 9 I 1 

84 53 30 97 59 44 14 
57.8 I 36.3 I 20.5 I 66.4 40.4 I 30.1 I 9.6 

5 6 1 3 4 7 

I:\:) 
~ 
I:\:) 

....... a 
~ 
~ 
(:l .... 
0> . 
C 
;:S 
<:> 
0--

<:...., 
c 
;:: 

~ 
~ 
c -,., 
~ 
~ 

~ 
o 
'" <:::: 

....... 
<.!:) 
<:J1 
<.!:) 



27,3 Tanim'llr(t et al: Scree ning T est lor Ohe'l1wthe'l"{tpcutic Jlgents 243 

not always develop, even in the greater omentum, wh ere they are most 
frequently found. Neither was microscopic detection of bacilli in the 
greater omentum constant. Consequently, there is no means for accurate 
evaluation of results after inoculation by the intraperitoneal route. 

3. IntmvenotlS inoculation.-'rwenty mice of the NA1 strain were 
inoculated intravenously with 0.2 cc. of 10-" suspension, and 10 animals 
were sacrificed and exalllined after 60 days and the other 10 after 
90 days . 

The findings may he pre:-;ented without resort to a tahulation. The 
most interes ting point is that there was almost no Illacroscopic 
pathology in the organs. ~ehe spleen and liver showed some nodule 
fo rmation in only 3 or 4- of the animals of either group- not significantly 
more after 90 days than after 60 days. Microscopically, bacilli were 
most frequently detected in the liver and spleen, but not in all cases. 

These findings indicate that early leprollla development cannot be 
expected by the method of intravenous inoculation. 

4. CO'Inparison of the three rotttes of inoculation.--rl'he factors that 
have been found operative with respect to the three routes of inocula­
tion studied are compared in the following tabulation with a view to 
the select ion of the most suitahl e method for the screening tes t. 

Factor 

Inocu latiol1 
technique 

Most sui table 
concentration 
(dose : 0.2 cc.) 

~1inima l time 
fO I" eva luation 

Most f requent 
:; ite of leproma 
fo rmation 

Greatest 
baci Ilus COI1-

('entration 

Mcthod of 
c\'aluation 

Subcutaneous 

Easy 

10-2 or 10-4 

10-2 : 1-2 mos. 
10-4 : 3 mos. 

Inocnlation 
sitc; 100% 

Su bcutancons 
lymph nodes 

Observation of 
leproma at 
inoculat ion sitc 

Intt·aperitoneal 

Easy 

1/50 or 1/100 

1/ 50: 3 1I10S. 

1/ 100 : 4 mos. 

Gr('atcr omcn-
tum; 61% 

Greater omentum, 
bronchial nodes, 
splccn and liver 

Autopsy: gross 
changes and 
bacillus distI·i­
bution in 
greatcr omen­
tum, splecn and 
livcr 

I nt ,·avenous 

Difficul t 

10-2 

3 to 4 mos. 

Li vcr, sp lcen, 
30 to 35% 

Liver and 
spleen 

Autopsy: gross 
changcs and 
bacillus distri ­
bution in liver 
and spleen 

It can he clearly seen that the intmvenous route i. inferior in all 
respects in comparison 'with the other two routes of inoculation. To 
secure early leproma development after intmpe1-itoneal inoculation 
requires a concentration of inoculum (1/ 50) whi ch interferes with 
accurate judgment, and it also requires a period of at least three month · 
- and, furthermore, there is no organ in which les ions are constantly 
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found. MacroscQpic evaluation of til e les ion abo lacks objectivity, so 
their route is inferior to subcutan eous inoculation. 

On the other hand, a leproma develops relatively early after 
subcutaneous inoculation of a small quantity of bacilli, and leproma 
formation occurs in 100 pel' cent of the an imals. Attention therefore 
can be centered on this one 'ite, and the development followed macro­
scopi cally according to time; the spread can be measured accurately 
with a mi crometer so that the marg in of e rrol' can be kept at a lllinill1UIll. 

From all th is, it' was decided that the method of suhcutan eous 
inoculation was the most suitable for the purpose. 

III. STMPLlF [ ATro~ OF EVALUATION B'l THE SUI3CUTAN I~OUS METHOD 

It having been shown that the subcutaneous method is the most 
logical one, a study was then made to determine the most simple and 
accurate method of evaluation of the result l' when this route is used. 

E valuation by spread of leproma alone.-- Because leproma develop­
ment at the site of inoculation occurs in 100 pel' cent of the animals 
inoculated subcutaneously, it would be advantageous if this develop­
ment could be used, by accurately nwasul'ing the changes in size of the 
leproma as an index for evaluation without microscopic examination, 
or macroscopic observation of other pathologic changes. The relation­
ship of the spread of the leproma to its weight and the index of bacillus 
distribution was studied statistically in the 274 animals listed in the 
second half of Table 1, which were sacrificed 5 months after inocula­
tion. Table 4 shows the r esults. 

=-

TABLE 4.- R elcltion of size (s pread, or area) of leproma to weight of 
leproma and bacillus distl'ib1Ition. 

Grade of 
~umber 

Average Average 
Index of leproma of 

size of weight 
bacillus size mice 

grade leproma 
distribution (mm2 ) ( mm~) (mgm.) 

I -

1-10 103 3.0 I 2.4 1.6 

11-20 35 15.0 6.2 3.1 

21-30 29 27.2 7.3 3.4 

31-40 27 37.5 20.0 4.4 

41-50 20 47.0 35.2 4.2 

51-60 13 56.8 29.6 6.1 

61-70 9 67.7 40.5 8.3' 

71-80 15 73.7 43.6 7.0 

81-90 5 84.5 38.0 7.0 

91 plus 18 129.0 81.1 7.2 

-



27,3 l'(('nillnlr((' et al: Screening T est for Chemothel'opMttic Agents 245 

rl'he size (area) of the leproma was divided into JO catego ri es rang­
ing f rom 1 111m" to over 90 mm~ (actualJ y 196), and for each stage or 
grade the average size of the lepromas is compared with the average 
leproma weight and index of bacillus distribution. It was found that 
in creases in spread of the leproma was followed by a corresponding 
increase in its weight and in the bacillus distribution index, although 
the rate of increase of the latter factor appeared to be somewhat lower 
than the rat<" of increase in ~weight. This is believed to be due to th e 
slow spread of hacter ia to the organs with inocula as dilute as JO-4 01' 
greater, as used in thi s experiment. 

A compari son of the size of the leproma and the pathologic changes 
in the lymph nodes and organs after five month s showed that, with 
these dilute suspensions, t.here were few such distant lesions even though 
a leproma of considerable size had developed locally. 

It is therefore beli eved that if the period of observation is limited 
to three months, macroscopic changes-aside from the local changes­
can be disregarded in the screening test, and that evaluation may be 
carried out, without great error, solely on the basis of the size of the 
leproma formed locally by subcutaneous inoculation of a 0.2 cc. dose of 
a 10-2 or 10-4 bacillus suspension. 

E valuation on the basis of weight of the spleen.-- Of the internal 
organs, the spleen is the favorite site of pathologic change in murine 
leprosy, so if the weight of the spleen could be taken as an index for 
evaluation, as in experimental tuberculosis, this would aid in the simpli­
fication of the test procedure. 

The weight of the spleen was ascertained in 58 mice of the NA1 
strain six months after subcutan eous inoculahon of 0.2 cc: of a 10 .4 

suspension of the Kumamoto strain, and the relation of the spleen 
weight to size of the l ~proma and the bacillus-di stribution index was 
-determined. As shown in Table 5, the size of the leproma and the bacil­
lus distribution do not parallel the weight of the. spleen in cases where 
the spleen 'weighed between 60 and] 20 mgm. 'With an increase in weight 
to 121 mgm. or more, there is a corresponding increase in size of the 
leproma and rise in the index of bacillus distribution. 

In this way, a r elationship between the spleen and the other factors 
becomes apparent only after the weight of the spleen exceeds a certain 
limit, otherwise there is no relationship. Examination of the bacillus 
distribution revealed cases in which there was widespread distribution 
·even though the weight of the spleen was light. Furthermore, investi­
gation of the r elation between the index of bacillus concentration in the 
spleen itself and the weight of -th e spleen showed that here, too, a rela­
tionship became apparent only when the spl een weight was 121 mgm. 
or greater. No bacilli were detected, howeyer, in the three cases in whjch 
t he weight of the spleen was 141-] 50 mgm., but it is believed that the 

plenomegaly in those cases was due to some other cause . . 
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W pight 
of 

spjpen 
(mgm.) 

60-69 

70-79 

80-89 

90-99 

100-109 

110-119 

120-129 

130-139 

140-149 

> ] 50 
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T AIlI,E .5.- B elati01! of 1ueight of spleen to weight of Zepr01/ln 
a.nd ba.cillus dist ribution. 

Nnm ber 
Body Leproma Bacillus 

J !)5!) 

Bacillus 
of 

weight weight d istribut ion, distribut ion, (avprnge) (ave rage) body micp (g·m.) (mgm.) (flVPl'HgP) splcen 

-
4 19.0 33 6.5 1.0 

4 22.3 48 6.5 0.8 

7 22.0 30 5.9 0.7 

2 20.5 65 5.0 0.5 

19 24.7 32 5.5 0.4 

3 25.3 50 6.0 0.7 

6 24.7 75 8.8 0.8 

4 26.0 88 8.8 1.5 

3 24.3 63 4.0 0 

6 25.0 115 ] 2.2 1.7 

In consideration of the factors and findings r elated, it is concluded 
that the weight of the spleen alone is inadequate as an index for evalua­
tion. This conclusion is indicated in spite of the fact that, in these 
animal s, six months had elapsed since inoCUlation, and the pathologic 
changes in the organs were quite marked. If the period of observation 
should be shortened to three months, it is believed, there would prob­
ably be even less rela tion ship between the weight of the spleen and the 
other factor s. 

Other considerations.- From the results here recorded it can be 
seen that the spread (size) of the leproma which r esults from sub­
cutaneous inoculation of mice is related to its weight and to the index 
of bacillus distribution. The leproma sof tens rapidly in the mouse, 
so that evaluation on the basis of leproma weight is diffi cult in actual 
practice. Evaluation by bacillus distribution would be even more diffi­
cult when a dilute inoculum is used and the period of observation is 
short; and evaluation on the basis of gross pathologic change in the 
lymph nodes or organs, or the weight of the spleen, is not worth 
considering. 

The conclusion was thus reached that measurement of the size of 
the leproma at the site of inoculation acco rding to time is the most 
logical standard for evaluation. 

IV . SELECTION OF MOUSE STRAI N :FOR THE SCREENING EXP ERIMENT 

Strains of mice best suited fo r . creening anticancer and antitubercu­
losis agents have been selected and are in use today. It would be advan-
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tageous if a ~ulle )'ior strain of mouse could be found in the case of 
llIurine leprosy. 

Samples of various pure, uniform strains were obtained from several 
institutions and tested for the following conditions : (1) high suscepti­
bility to infection by murine leprosy, and uniform production of lesions; 
(2) resistance to other infection s, and ~tneRs for prolonged experi­
ments; (3) high reproducibili ty, with constant supply of large numhers. 
The strain ~ examined and their sou rces were the NA" NAz, Sm, from 
the Osaka Pure Strain Animal Farlll; DD, from the Research Labora­
tory, Tal< eda Pharmaceuti cal Ind. Ltd. ; dbr, DBA, S, from the National 
In ~titute of Genetics; B~ from the School of Agriculture, Nagoya 
University; and SM, from the Tokyo Central Experimental Animal 
Farm. 

Experimental method.- Th e greatest difficulty encountered in th is study was in obtaining 
animals 5 to 6 w('eks old ann weighing 15 ± 1. gm. Because of this difficu lty it was necessary 
to conduct the tests in two se ri es. Th e bacilli were inj ected subcutaneously, and t he K umamoto, 
H a waiian, Fuk uoka and Poli ce Department str-a ins were useil equally. 

In the first sl' ries (Se ptember ·1954·Fc!Jruary 1955), 154 mi c(> of th (' NA I ~tr-ain, 105 of 
the NA2, 48 of the 8m , and ]00 an im als of a mixed st rain were tested. Tn the second series 
( January·June 1955 ) , 29 m ice of t he NA1 strain , 99 of th e S, 30 of the DD, 2 1 of th e DBA, 
22 of the dbr, 11 of th e B, and 33 of t he 8M stra in were empl oyed. 

FJx perimental res'ults.-No single especially susceptible strain was 
found. Jlowever, the B strain showed relatively early and constant 
infection, followed by the dbr and S strain s. F'rom the standpoint of 
low mortality, tolerance to prolonged experiments and avai lability, the 
NA" NAz, DD and SM strains were found to be tIle most suitable. The 
mixed strain s lacked uniformity in the results, and mortality was high. 

In the range of this experiment a strain whi ch would satisfy all 
three condition s wai' not found, although the H st rain appeared to be 
the best. Thi s strain, however, is not avai lahle in large numbers as 
yet, so for the present the NAI, NA", DD and SM strain s must be uSfd 
in large-scale experiments. 

COXCLUSION 

A standard screemng test based on the findings repo rted may be 
summarized as follows: 

Strain of murine leprosy: Hawaiian strain. Inoculum to be a sus­
pension of fresh lepromas removed three month s after subcutaneous 
inoculation of the mouse. 

Strain of mouse: Uniform NA, st rain, female mice, 15 -I- 1 gm. m 
weight, 10 animals per group. 

Site of inoculation: Subcutaneous, in the lower abdomen. 
Quantity of: inoculum: 0.2 cc. of 1O.~ or 10-4 suspension; at times only 

t he 10.4 dilution. 
Administration of drug: 1/ 30 to 1/ 100 LDsn administered orally or 

parenterally G times a week, beginning the day following inoculation. 
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Observation period: Three months, meas uring the degree of infec­
tion every 15 days after the first month. 

Method of judgment: Measure the area of the leproma developing 
at the site of inoculation, determine the index from the predetermined 
table, calculate the average for each group (10 animals), record on a 
histogram, and compare with the untreated control. 

Evaluation of effi cacy: Th e lovver the index compared to the 
untreated control, the ' greater can be considered the effect of the treat­
ment: Numerous experiments show that isoniazid incompletely sup­
presses infection by 0.2 cc. of a 10-2 suspension, and completely sup­
presses 0.2 cc. of 10-4 dilution, so this can be taken as a standard for 
effect. 

SUMMARY 

In view of the fact that there is no generally-accep ted, uniform 
method for screening therapeutic agents for leprosy using ' murine 
leprosy, the methods used diffe ring with each investigatol' so that the 
results are inconsistent, the need for a standard method was felt. 
Consequently, detailed basic studies were designed for. the selection of 
a standard strain of murine leprosy for the purpose, the most suitable 
site of inoculation and quantity of inoculum to be used, the simplifica­
tion and constancy of evaluation of results, and the selection of the best 
mouse strain. On the basis of the results of these studies a screening 
method, using the subcutaneous inoculation method, which might serve 
as a standard was devised. 

CO~CLUSroNES 

Cabe sumarizer en la forma siguiente una prueba normalizada de 
triaje, basada en los hallazgos expuestos : 

Cepa de la lepra murina: Cepa hauaya. El inoculo sera una sus­
pension de lepromas recientes ex tirpados a los tres meses de la inoc­
ulacion subcutanea del raton. 

Cepa del raton: Cepa NA1 uniforme, hembras, 15 -+- 1 gm. de pe­
so, 10 animales en cada grupo. 

Sitio de la inoculacion: Subcutaneo, en la porcion inferior del 
abdomen. 

Cantidad de inoculo: 0.2 cc. de supension al 10-2 0 10-4 ; a 'veces 
solamente la dilucion al 10-4 • 

Administracion de la droga: 1/ 30 a 1/100 DL50, administrada oral 
o parentericamente 6 veces semanales, comenzando el dia despues de 
Ia inoculacion. 
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Periodo de observacion: Tres meses, midiendo 1a intensidad de 1a 
infeccion cad a 15 dias despues del primer mes, 

Metodo de apreciacion: Mldase e1 area del leproma que aparece en 
el sitio de inoculacion, determinese el indice pm' la table pt'edetermin­
ada, calcCilese el pl'omedio para cada grupo (10 animales), reglstrese 
en un hi stograma y comparese con el testigo no tratado, 

Justipl'eciacion de ]a eficacia: Mientras mas bajo sea el lndice com-
o pal'ado con el testigo no tratado, mayor puede considerar se el efecto 
del tratamiento. Numerosos experimentos demuestran que ]a isoniacida 
Sttpt"ime incompletamente la prodttcida por 0.2 cc. de una suspension 
al 10.2 V suprime totalmente la producida por 0.2 cc. de una Idihwion 
al10··, de modo que puede tomarse es{;o conta pauta en c1Ianto a efecto. 

Nishimura (Z) ha publicado un estudio en que se compara este 
metodo con el de la inoculacion intraperitoneal descrito recientemente 
pOl' Chang (1) 

RESUMEN 

En vista de que no hay ningUn metoda uniforme y aceptado generalmente que 
utilice la lepra murina para el triaje de los agentes tel'apeuticos para la lepra y de 
que los metodos usados discrepan con cada investigadol' de modo que los r esultados son 
inconstantes, se sentia la necesidad de con tar ('on un metoda normalizac1o, POI' con­
siguiente, se proyectaron estuc1ios func1amentales pormenorizados para la seleccion de 
una cepa normalizada de lepra murina destinada a dicho proposito, del sitio mas 
adecuado de inoculacion y de la cantidad de inoculo que se usarla, unido esto a la 
simplificacion y constancia de la justipreciacion de los resultados y la seleccion de la 
mejor cepa de raton. A base de los resultados de dichos estud ios, se ha elaborado un me­
todo de triaje, que utiliza la tecnica de la inoculacion subcublnea, que podrla servir 
como pauta, 


