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U.S.-JAPAN COOPERATIVE MEDICAL 
SCIENCE PROGRAM 

Program of Leprosy Symposium 

INTRODUCTORY REMARKS 
Thc .first meetin g of the U.S.-Japan Joint Conferenec was held in October 1965 

in Honolulu. Since thcn the conference has been held in turn once a ycar in thc 
United States and in Japan. This year the 6th Annual Leprosy Hesearch Confer­
ence is being held at the Nippon Toshi Center, Tokyo, 10-12 November 1970. 

We are privileged to have 17 participants from the United States and 29 par­
ticipants from Japan, and in addition 16 members of th e Japancse Leprosy Asso­
ciation joined as obscrvers. 

There will be 30 papers presented and discussion will follow each. Heccntly 
knowledgc and technics in the field of immunology have developcd remarkably, 
studies on immunology in leprosy have been carried out more actively by means 
of these ncw technics. Consequently, immunology of leprosy became the main 
subject of this conference. Ten papers concerned with immunology are to be 
presented. The lively discussions are expected on the behavior of leprous macro­
phages, cel l mediated immunity, humoral and cellular .antin-odies in leprosy 
infection and the problem of erythema nodosum leprosum. Other important 
problems concerning cultivation and identification of M. leprae, experimental 
transmiss ion of iH. leprae and chcmoth erapy of leprosy will be presented and 
discussed. 

As it is considered to be of some reference to the studies on immunology in 
leprosy, a scienti6c film "Allergy under Microscope," produced recently, and very 
highly evaluated among the scientists is to be shown. 

Leprosy is truly an international disease called for international efforts , and 
this fact is recognized in a modest way by these joint leprosy symposia. 

We promise that this conference will be even more profitable than those in 
the past. 

YOSHIO YOSHIE, Chairman 
Japan Leprosy Panel 



39, 1 U.S.-Japan Cooperative M edical Science Prog l'OllJ 77 

Program of the U.S.-Japan Leprosy Panel Conference 

Contents 

10 November 1970, Tuesday 

Morning Session: Co-chairmen: Dr. P. Fasal 
Dr. Y. Yoshie 

Nakamura, M. E longation phenomenon of 
Mycobacterillm lepraemuriul1l in v itro , 
and related problems. 

Oiwa, K. Cultivation of Mycobacterium 
le p1'Oe murium in a metabolically active 
cell-free med ium. Quantitative analysis 
of the growth of the organism and its 
reinoculation into mice. 

Matsuo, Y. Attempts to cultivate Myco­
bacterium, leprae and Mycobacterium, 
lepmemurium in cell culture. 

Rightsel, W. A. and Wiygul, W. C. Cultiva­
vahon studies of Mycobacteri'tm, leprae­
muriwn in diffusion chambers. 

Ito, T. and Kishi, N. Application of diffusion 
chamber technic on cultivation of Myco­
bacterium lepraem urium. 

Afternoon Session: Co-chairmen: Dr. "V. F. Kirchheimel' 
Dr. K. Urabe 

Ramasoota, T. et aZ. (Thailand) and Izumi, 
S. et a1. (Japan). Band structures of hu­
man leprosy bacilli in Thailand. 

Nishiura, M., Okada, S., Takizawa, H. and 
Izumi, S. Electron microscope study of 
metachromatic granules of human leprosy 
bacilli. 

Abe, M. Identification of Mycobacterium 
Teprae by fluorescent antibody technics. 

Drutz, D. J. and Levy, L. The viability of 
blood-borne Mycobacterium leprae. 

Kusaka, T. Biosynthetic acti vi ti es of fa tty 
acids in Mycobacterium Teprae murium. 

Speers, W. C., Marley, C. M. and Morrison, 
N. E. Mycobacterial dihydrofol ate reduc­
tase. Second sequential blockade site of 
the de novo folate pathway. 

11 November 1970, Wednesday 

Morning Session: Co-chairmen,: Dr. C. C. Shepard 
Dr. M. Abe 

Mori, T. and Innami, S. Immune cross-· 
reaction among Mycobacterium leprae, 
BCG and human bone and cartil age. 

Barksdale, W. L. Hansen's bacilli: Pheno­
lase and a -I -acetyl galaetosaminoyl­
galactose, acid-fastness and the pyridine 
soluble "layer." 

Okada, S. Fine granules in lepra cells of 
erythema nodosum leprosum. 

Mayama, A. Complcment factors in lepro­
matous patients with erythema nodosum 
leprosum. . 
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Bullock, W. E., Evans, P. D. and Filameno, 
A. R. Impairment of cell mediated im­
munity by infection with Mycobacterium 
lep raemurium. 

Han, S. H., Weiser, R. S. and Lin, P. P. 
Behavior of leprous macrophages in the 
macrophage migration inhibition tes t. 

Afternoon Session: Co-clwirmen: Dr. C. H. Binford 
Dr. M. Nishiura 

Abe, M., Minagawa, F., Yoshino, Y. and 
Sasaki, N. Application of irnmuno-Huo­
l'e9CenCe to the studies on humoral and 
cellular antibodies in leprosy. 

Skinsnes, O. K Immuno-epidemiologic con­
cepts in leprosy. 

Fajardo, T. T., Jr. Indeterminate leprosy­
A three-year study. Clinical observations. 

Abalos, R. M. Indeterminate leprosy-a 
three-year study. Histopathologic obser­
vations. 

Nakamura, K, Hisai, S. and Yogi, Y. Stu­
dies on the development of experimen-

tal leprosy in mice. The influence of 
thymectomy, y-irradiation and adminis­
tration of tes tosterone. 

Sushida, K and Hirano, N. Experimental 
transmission of leprosy bacilli in mice. 
1. Inoculation tes t of human leprosy ma­

terial into the tes tis of mice injected 
with J3 ll, 

2. Clearance tes t of serum of mouse in­
jected with J3l l, 

3. Study on body temperature of mice 
injected with J311, 

Shepard, C. C. and McRae, D. H. A heredi­
tary charactel:istic that varies among iso­
lates of Mycobacterium leprae. 

12 November 1970, Thursday 

Morning Session: Co-chairmen: Dr. J. H. Peters 
Dr. M. Namba 

Tsutsumi, S., Sakamoto, Y., Gidoh, S., Na­
kamura, K., Hisai, S. and Yogi, Y. Screen­
ing of various compounds untes ted to 
leprosy by mouse foot pad method. 

Biggs, J. T., Levy, L., Gordon, G. R. and 
Peters, J. H. Binding of dapsone (DDS) 
and monoacetyl dapson e (MADDS) by 
plasma of animals and man. 

Satake, Y. The basic studies on chemother­
apy of pyrazine derivatives for leprosy. 

Tsutsumi, S., Sakamoto, Y. and Gidoh, S. 
Metabolism of some derivatives of DDS 
masked by several bioactive radicals. 

Levy, L., Peters, J. H., Gordon, G. R., Gel­
ber, R., Biggs, J. T. and Tolentino, J. G. 
Dapsone acetylation polymorphism in 
man. 

Peters, J. H., Gordon, G. R., Biggs, J. T. 
and Levy, L. The disposition of dapsone 
and monoacetyldapsone in laboratory 
animals. 
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PARTICIPANTS 

U.S. Leprosy Panel 

Shepard, Charles c., M.D. ( Chairman) , 
Chief, Leprosy and Hickettsial Unit, Vi­
rology Section, Center for Disease Con­
trol , At lanta, Georgia 30.333. 

Binford, Chapman H., M.D., 
rector, Leonard \Vood 
1200-18th Street, N.W. , 
D.C. 20036. 

Medical Di­
Memorial, 

Washington, 

Fasal, Paul, M.D., U.S. Public Health Serv­
ice Hospital, 15th Avenue and Lake 
Street, San Francisco, California 94118. 

Kirchheimer, Waldemar F., M.D ., Chief, 
Laboratory Research Department, U.S. 
Public Health Service Hospital , Carville, 
Louisiana 70721. 

Peters, John H., Ph.D., Senior Biochemical 
Pharmacologist, Stanford Hesearch Insti­
tute, Menlo Park, California 94025. 

Abalos, Rodolfo M., Leonard Wood Me­
morial-Eversley Childs Sanitarium Lep­

. rosy Research Laboratory, P.O. Box 727, 
Cebu City, Cebu, Philippines. 

Arai, Masao, National Leprosarium Tama 
Zensho-en, 1655, 4-chome, Aobacho, 
Higashimurayamashi, Tokyo. 

Arakawa, Iwao, National Leprosarium 
Matsuoka Hoyo-en, 19 Hirayama, Ishie, 
Aomori-shi. 

Barksdale, W. Lane, D epartment of Micro­
biology, New York University Medical 
Center, School of Medicine, 550 First 
Avenue, New York, New York 10016. 

Beck, Earl S., Head, U.S.-Japan Program, 
Geographic Medicine Branch, National 
Institute of Allergy and Infectious Dis­
eases, National Institutes of Health, Be­
thesda, Maryland 20014. 

Japan Leprosy Panel 

Yoshie, Yoshio, ( Chairman ), Director, Na­
tional Institute for L('prosy Hesearch , 
]455 4-chonw, Aobacho, Higashimuraya­
mishi , T()kyo. 

Nishillra, MitslIgu, Professor, Lcprosy He­
search Laboratory, Kyoto University 
School of Medicine, SakyO-Ku, Kyoto. 

Urabe, Kaoru, Professor Emeritus, Depart­
ment of Bacteriology, Hiroshima Univer­
sity, Kasull1icho, Hiroshima-shi . 

Namba, Masashi, Medical Director, Nation­
al Leprosarium Tama Zensho-en, 1655, 
4-chome, Aobaeho, Higashimurayamashi, 
Tokyo. 

Abe, Masahide, Director, 2nd Hesedrch 
Unit, National Institute for Leprosy Re­
search, 1455, 4-chome, Aobacho, Higashi­
murayamashi , Tokyo. 

o 

Biggs, John T., U.S. Public Health Service 
Hospital, 15th Avenue and Lake Street, 
San Francisco, California 94118. 

Bullock, Ward E., Division of Infectious 
Diseases, D epartment of Medicine, Uni­
versity of Kentucky Medical School, Lex­
ington, Kentucky 40506. 

Drutz, David J., Leprosy Hesearch Unit, 
U.S. Public Health Service Hospital, 15th 
Avenue and Lake Sh'eet, San Francisco, 
California 94118. 

Fajardo, Tranquilino T., J. Leonard Wood 
Memorial, Cebu Skin Clinic, Cebu City, 
Cebu, Philippines. 

Fukumi, Hideo, Cholera Panel Chairman, 
National Institute of Health, Shinagawa­
ku, Tokyo. 
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Hazama, Shogo, ati o na l Le prosar ium 
Tama Zensho-cn, 1655, 4-chome, Aoba­
cho, Higashimurayamashi , Tokyo. 

Hidano, Shin, Tokyo Metropolitan Police 
Hospital, Chiyoda-ku, Tokyo. 

Hirako, Tadashi, Na tional Leprosarium 
Tama Zcnsho-en, 165.5, 4-chom<.:, Aoba­
cho, IIigashi murayamashi , Tokyo. 

Hori, Mitsuo, Department of Tuberculos is 
Research I, Research Institute for Micro­
bial Diseases, Osaka University, Ya­
madakami, Suita, Osaka. 

Inaba, Toshio, Director, Na tional Leprosar­
ium Suruga Tyoyosho, Go tenba-shi, 
Shizuoka-ken. 

Isawa, Masahiro, Tuberculosis Prevention 
Section, Public Health Bureau, Ministry 
of Health and W elfare, Chiyoda-ku, 
Tokyo. 

Ishibashi, Yasumasa, D epartment of Der­
matology, Faculty of Medicine, Universi­
ty of Tokyo, Bunkyo-ku, Tokyo. 

Ito, Tonetaro, D epartment of Leprology, 
Research Institute fo r Microbial Dis­
eases, Osaka University, Yamadakami, 
Suita, Osaka. 

Izumi, Shinzo, Leprosy Research Laborato­
ry, Kyoto University, School of Medicine, 
Sakyo-ku, Kyoto. 

Kanamore, Jinsaku, National Sanatorium 
Section, Medical Affairs Bureau, Ministry 
of Health and W elfare, Chiyoda-ku, 
Tokyo. 

Kanetsuna, Fuminori, Leprosy Research 
Laboratory, Kyoto University, School of 
Medicine, Sakyo-ku, Kyoto. 

Kawaguchi, Yoichiro, Institu te for Medical 
Science, Tokyo University, 1-39, Shiro­
gane Daimachi , Slllba, Minato-ku, Tokyo. 

Kawamura, Taro, Department of D erma­
tology, F aculty of Medici ne, University 
of Tokyo, Bunkyo-ku, Tokyo. 

Kobayashi, Shingenobu, Na ti onal Leprosar­
ium Kuriu Hakusen-en, Kusatsu-machi, 
Azuma-gun , Gumma-ken. 

Kohsaka, Kenji, Department of Leprology, 
Hesearch Institute for ~[icrobi a l Dis­
eases, Osaka University, Yamadakami, 
Suita, Osaka. 

Konno, Tsuneo, Chief, Pl anning Section, 
Public Health Bureau, Ministry of 
Health and W elfare, Chiyoda-ku, Tokyo. 

Kusaka, Takashi, Laboratory of Bio­
chemistry, National Institute for Leprosy 
Hescarch, 1455, 4-chomc, Aobacho, Hi ga­
shimurayamashi , Tokyo. 

Levy, Louis, U.s. Public H ealth Service 
Hospital, 15th Avenue and Lake Street, 
San Francisco, California 94118. 

Matsuo, Masao, Director, Medical Affairs 
Bureau, Ministry of H ealth and Welfare, 
Chiyocla-ku, Tokyo. 

Matsuo, Yoshiyasu, Department of Bacteri­
ology, Hi roshima Uni versity, Kasumi­
cho, Hiroshima-shi . 

Mayama, Akira, Leprosy Hesearch Depart­
ment, Institute for Tuberculosis and Lep­
rosy, Tohoku University, Sendai. 

Mifuchi, Iehiji, D epartment of Microbiolo­
gy, Shizuoka College of Pharm acy, 160, 
Kojika, Shizuoka-shi. 

Mizuoka, Keiji, Departmen t of Dermatolo­
gy, Faculty of Medicine, University of 
T okyo, Bunkyo-ku, Tokyo. 

Mori, Tatsllo, Department of Leprology, 
Hesearch Institu te for \ f ierobial Disc:lscs, 
Osaka University, Yamaclakami, Suita, 
Osaka. 
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MOJ'J'ison, Norman E., Johns Hopkins­
Leonard "Vood Memorial Leprosy He­
search Laboratory, Johns Hopkins School 
of Hygiene and Public Health, 615 North 
\Volfe Street, Baltimore, Maryland 21205. 

Nakamura, Kazunari, Anim al Management 
Hoom, Na tional Institute for Leprosy Re­
search, 14.55, 4-chome, Aobacho, IIiga­
shill1llra~' amashi , Tokyo. 

Nakamura, Keihachiro, National Leprosari ­
um Xikuchi Keifu-en , Gos hi-m <lc hi , 
Kikuchi-gun, Kumamoto-ken. 

Nakamura, Masahiro, Depar tment of Mi­
crobiology, Kurume University School of 
Mcdicinc, Asahi-cho, Kurume-shi, Fuku­
oka-ken. 

Nakayama, Tetsu, Laboratory of Bacteriol­
ogy, National Institute for Leprosy Re­
search, 1455, 4-cho111(', Aobacho, IIiga­
shi murayamashi , Tokyo. 

Oiwa, Koji, Division of Bacteriology, Chest 
Disease Research Institute, Kyoto Uni­
versity, Sakyo-ku, Kyoto. 

Okada, Seitaro, Leprosy Hesearch Labora­
tory, Kyoto University, School of Medi­
cine, Sakyo-ku, Kyoto. 

Okamura, Kazuko, National Leprosarium 
Tama Zensho-en, 165.5, 4-choIllC, Aoba­
cho, I-ligashimurayamashi , Tokyo. 

Okinaka, Shigeo, Director, Toranomon 
Hospital, The National Publi c Service 
Personnel, Mutual Aid Cooperative; Pro­
fessor Emeritus of the University of 
Tokyo. 

Ozawa, Toshiharu, Laboratory of Clinical 
Medicine, National Institute for Leprosy. 
Hesearch, 1455, 4-chomc, Aobacho, Higa­
shimurayamashi , Tokyo. 

Rightsel, Wilton A., Baptist Memorial Hos­
pital, 899 Madison Avenue, Memphis, 
Tennessee 38103. 

Sasaki, Teruyuki, National Sanatorium Sec­
tion, Medical Affairs Bureau, Ministry of 
Health and Welfare, Chiyoda-ku, Tokyo. 

Satake, Yoshitsugu, National Leprosari­
um Kikuchi Ke ifu -clI , Gos hi -mac hi , 
Kiku chi-gun , Kumamoto-ken. 

Shimazono, Norio, Malnutrition Panel 
Chai rman, Professor, Tokyo Medical Col­
lege, Shinjuku-ku, Tokyo. 

Shoji, Department of Tuberculosis He­
search I, Research Institute for Microbial 
Diseases, Osaka Univcrsity, Yamadaka­
mi, Su ita, Osaka. 

Skinsnes, Olaf K, Professor of Pathology, 
University of Hawaii, School of Medi­
cine, Leahi Hospital , 3675 Kilauea Ave­
nu e, Honolulu, Hawaii 96816. 

Soda, Takemune, Director, Institute of 
Public Health, ~rinato-ku , Tokyo. 

Sushida, Kiyo, Department of Microbiolo­
gy Tokyo Wom en's Medical College, 
Shinjuku, Tokyo. 

Takeda, Masayuki, Director, National Lep­
rosarium Matsuoka Hoyo-en, Hiraya­
ma, Ishie, Aomori-shi . 

Takizawa, Tadashi, Director, Public Health 
Bureau, Ministry of Health and Welfare, 
Chiyoda-ku, Tokyo. 

Toda, Enjiro, Okinawa Airakuen, Govern­
ment of Ryukyu Island Tsujibayashi, 
Kahei, M.D ., Planning Section, Public 
Health Bureau, Ministry of Health and 
Welfare, Chiyoda-ku, Tokyo. 

Tsukihashi, Tokuo, Chief, Tuberculosis Pre­
vention Section, Public Health Bureau, 
Ministry of Health and W elfare, Chiyo­
da-ht, Tokyo . 

Tsutsumi, Sadae, Laboratory of Pharma­
ceutical Chemistry, National Institute for 
Leprosy Research, 1455, 4-chome, Aoba­
cho, Higashimurayamashi, Tokyo. 
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Weiser, Russell S., Professor of Immunolo­
gy, Department of Microbiology, Univer­
sity of Washington, School of Medicine, 
Seattle, Washington 98105. 

Woolridge, Robert L., Chief, NIH Pacific 
Office, U.S., Embassy Tokyo, APO. 

Yajima, Yoshikazu, Director, National Lep­
rosarium Tana Zensho-en 1655, 4-chome, 
Aobacho, Higashimurayamashi , Tokyo. 

Yokota, Tokuzo, National Leprosarium 
Nagashima Aisei-en, Oku-machi, Oku­
gun, Okayama-ken. 
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Program of Leprosy Symposium 

Nakamura, M. Elongation phenomemon of 
M ycobacterium lep1'Oemmium in v itro 
and related problems. 

The purposes of experiments to be re­
ported here arc ( 1) to study the optimal 
and reproducible conditions for elongation 
of M . leprae117u rium ( MLM) in v it ro, first 
dcscribed by D' Arcy Hart and Valentine in 
1963, and (2) to obscrvc the morphologic 
changes in MLM during long culti va tion 
periods under conditions su itable for elon­
gation . 

The methods used and th c rcsults ob­
tained are as follows: 

The best condition for elongation of 
MLM in vitro. The H awaiian strain of 
MLM was used. Different amounts of cul­
ture medium ( M/15 Si;:irensen buffer pH 6.0 
+ additives + 20% bovine serum ) were 
.aseptically distributcd into thc sterile test 
tubes ( 10.5 X 1.5 em.), in order to see if 
the depth of the medium had any effect on 
elongation of bacilli . Microscope slides 
bearing smears were placed in tubes and 
cultivated for 18 days at 37°C. The results 
showed that the deeper thc medium, the 
grea ter was the elongation. 

Similar experiments wcre perform ed 
with buffer at pH6, pH7 and pH8 (+ 
additives and serum ) and with Kirchner 
niedium. The results obtained in pH6 
medium were also observed in pH7 medi­
um, in which the reaction was physiologic. 

Elongation of MLM on the silicon coated 
slides. The silicon coated slide is suitable 
for the long-term cultivation of smears of 
mycobacteria, becausc the bacilli are not 
lost from the glass. 'When MLM ""ere 
smeared on silicon coated slides and culti­
vated, the bacilli were observed to elon­
gate, particularly in Kirchner medium. 
Therefore, it can be said that the sili con 
slide is suitable for cultivation expcriments 
with MLM. 

Transfer cultivation, deep media to shal· 
low media. The idea employed for these 
experiments was to see whether elon gated 
bacilli divide when transferred from a deep 
medium to a shallow medium and then to 

dcep m.ediul11 again. The results obtained 
werc unexpccted; multiplication of MLM 
was observed when ML M was transferred 
from a deep medium at pH7 to the samc 
med ium agai n. However, these findings arc 
not suffi ciently quantitative. Therefore, 
more quantitati ve experiments are in prog­
ress with an agar block containing MLM. 

Oiwa, K. Cultivation of M ycobacterium 
Zeprae murium in a metabolically active 
cell-free medium. Quantitative analysis 
of the growth of the organism and its 
reinoculation into mice. 

At the mecting of this conference held in 
1968, I rcported that macroscopic colonies 
were obtained on a silicone coated glass 
slide that was incubated at 37°C in a 
freshly prepared medium containing brain 
filtrate of young mice, and transferred suc­
ccssively to fresh medium 6 timcs a weck 
for 32 weeks. 

The present report deals with the quanti­
tative analysis of the growth of the bacillus 
thus obtained and the results of its reinocu­
lati on into mice. 

Enumerati on of the organisms grown on 
th e silconc coated slide was made as fol­
lows: 5 !J.l. of the suspension of Hawaiian 
strain of murine leprosy bacilli freed of host 
substance was dropped on a silicone coated 
slide. Because of the hydrophobic character 
of the slide, the bacterial suspension does 
not spread beyond the spot and, after air­
drying, the bacteria adhere to the slide to 
fo rm a disk about 2 mm. in diameter. This 
kind of slide was used for cultivation in the 
same way as reported previously. 

Every four weeks after inoculation a 
slide was stained with the Ziehl-Neelsen 
l"cthod. Thc bacilli were counted in a 

. known arca of the disk and thc total num­
bcr of bacilli in the disk was computed. 

The generation time of the bacilli was 
calculated from the numb r of bacilli in the 
disk. After repeated experiments it was 
estimated that the generation timc was 
between 2 and 3 weeks. 
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The inAucncc of the frequ ency of trans­
fcr to frcsh medium was then investigated. 
When thc slide was transferred to fresh 
medium 3 times <1: week, the growth of 
organisms was excellcnt and comparabl e to 
that transferred 6 times a week. When the 
slide was transferred to fresh medium onee 
a week, no growth was obtained. 

The inoculation of the organisms grown 
in vitro into H strain of miee was carried 
out 4 times. In the first 3 cxp erimcnts, the 
inoculum was from a 40 week-old culture, 
and rio lesion was detectcd cven at thc site 
of subcutan eous inoculation. In the fourth 
experiment, 1.4 X 105 cells per mouse of 
20 week-old culture was injected into mice 
subcutaneously, and small lesions suggest­
ing murine lepromas were recognized 5 
months after inoculation. 

Matsuo, Y. Attempts to cultivate Mycobac­
terium leprae and Mycobacterium leprae­
murium in cell culturc. 

Attempts to cultivate M. Zeprae and M. 
lepmemurium have been carried out in eell­
cultures of various sources, including mouse 
peritoneal maerophages, for several years. 
Appreciable increases in numbers of bac­
teria, especially of M. lepraemurium, were 
obtained only in mouse foot pad cell cul­
tures. However, successful multiplication of 
the organisms in subcultures has not always 
been observed. 

Method. The mouse foot pad cells have 
been maintained as a monolayer growth in 
over 60 subcultures so far. The media used 
were Eagle-H eLa or Eagle MEM contain­
ing 2 to 10% calf of fetal calf serum, supple­
mented with glutamine and penicillin C. 
Inocula of M. leprae and M. lepraemurium 
were suspensions from typical lesions that 
had been considerably purified by means of 
trypsin treatment. The bacterial suspension 
was added to a monolayer culture of the 
cells and incubated at 30 or 33°C for 72 to 
96 hours to allow phagocytosis to occur. At 
the end of the phagocytosis period, the 
cells were washed to remove the unphago­
cytized bacteria. The cells were then sus­
pended in fresh culture medium, trans­
ferred to a culture Rask and Leighton tubes 
containing a cover-slip, and incubated at 30 

or 33°C. After an appropriate time of incu­
bation, the infected cells in the culture flask 
werc trypsinized, suspended in fresh cul­
ture mcdium twice the voluille of the pre­
ceeding culture, and transferred to a new 
culture flask and to Leighton tubes. 

Results. ( 1 ) M .. lepraemurium. It scems 
likely that M. lepraemurium often multi ­
plied in the primary cultures. Isolatcd acid­
fast rods and small clusters in differcnt 
numbers wcre obscrved within thc cells at 
the earl y stage of incubation. Later, in­
tracellular bacteria increased in numbers, 
elongated in length, became entangled in 
each other, surrounded th e nuclei of the 
cells and pushed them to one side. Somc of 
the cells were fi lled with hundreds of bac­
teria, resembling globi formation. A pecu­
liar pattern of growth, very similar to cord­
formation of M. tuberculosis, was also ob­
served. Subcultures have been succesful 
only until the tertiary culturc. All attempts 
to grow the acid-fast bacteria in the cells on 
artificial culture media have fail cd. Howev­
er, subcutaneous ,inoculations of the materi­
als into mice produced typical lesions like 
those caused by M. lepraemuriu1n. 

(2 ) M. leprae. Successful culture of the 
organism has not yet been obtained. In 
some instances, bacillary increases, elonga­
tion in length . and characteristic arrange­
ments of bacteria, similar to thosc in cul­
tures of M. lepraemurium, were observed. 
But no evidence of apparent multiplication 
of bacteria has been obtained so far. 

Rightsel, W. A. and Wiygul , W. C. Cultiva­
tion studies of Mycobacterium lepl'aemu­
riwn in diffusion chambers. 

A speCialized technic making usc of Mil­
lipore diffusion chambers was utilized for 
cultivation studies of M. lepraemuriu11l. 
The cell-impermeable porous chambers 
were maintained in animals for periods up 
to 50 days with and without mouse peri­
toneal macrophages and LM cells. The best 
yield was a 31-fold increase of bacilli in 
chambers containing macrophages when 
. maintained in th e mouse. However, one of 
the most promising observations was a one­
log increase in the acid-fast bacilli from 
cell-free chambers maintained in the mouse 
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fo r 50 clays. Thcrc was no doubt that all the 
chambers maintained in a susceptible host 
provided grcater yields of bacilli than com­
parable chambers maintained in a nonsus­
ceptible host such as the guinea-pig. In 
fact, b etter yields of organisms were ob­
tained when the chambers werc main­
tained on monolayer Petri plate cultures 
of tissue cells than when held in the guinca­
pig. These results indicate that multipli­
cation of M. lepraemurilllll can occur in 
a cell -frcc environment within a susceptibl c 
host. Also, thc studics give cvidcnce that 
use of the special porous chambers has 
promising possibility for simi lar invcstiga­
tions on thc cultiva ti on of other fastidious 
microbes.-[This invcstigation was support­
cd by the United States-Japan Cooperativc 
Medical Science Program administered by 
the National Institute of Allergy and Infec­
tious Disease of the Nati onal Institutes of 
H ealth, Department of Health, Education 
and Welfare (Grant R22-AI-08051 ), Be­
thesda, Maryland 20014] 

Ito, T. and Kishi, N. Application of diffu­
sion chamber technic on cultivation of 
}1 ycobactel'iu.m leprael11Ul'ium. 

The diffusion chamber technic was ap­
plied to the cultivation of M. leprae111,u.ri­
(l111" and both in vivo and in vitro multipli­
cation of M. lepraemurium was looked for. 

Materials and method. Diffusion cham­
ber: the chamber was preparcd by at­
taching a plexiglass ring (o.d. 14 mm., i.d. 
10 mm., depth 2 mm. ) and Millipore 
Rlters, Type GS ( pore size 0.22 M ± 0.02 J1.) 
wi th MF cement; the rim of the chamber 
was carefully covered by MF cement from 
the ou tside to prevent outAow of b:lci lli 
and invasion of host cell s. 

Bacillary suspension. The suspension of 
M. lepraemu.riwn was prepared from a 
mouse su bcutaneom leproma camec1 by th e 
Hawaiian strain . 

Host cells. Mouse periton eal macro­
phages, mouse kidn ey cells, LBu ccll s ( thy­
midinekinase-less mutant of L cells) and 
guinea-pig peritoneal macrophages "verc 
used. 

In vitro experiments. A mixture of M. 
leprae111,mium or a mixture of bacilli and 

cells was sealed in the diffusion chamhers, 
and the chambers wcre insertcd in the 
peritoncal cavity of mice or guinea-pigs. 

III vitro experim ellts. A mixture of M. 
lepraelnuriu111, and host cell s was sealed in 
diffusion chambers, and th ese chambers 
were placed in rubber stoppcred test tubes 
( Ld. 15 mm., length 8 cm.) and 3 m1. of 
tissue culture medium was added to each 
tube. The tes t tubes were kcpt at 37°C and 
the medium was changed twi ce a week. 

Method of ohservation. T he M illipore 
Rltcr was stained by thc Ziehl-hematoxylin­
Neclsen method, and thc hacilli and host 
cells were examined microscopically. A 
stamp smear of the Mi ll ipore filt er was also 
examined after Ziehl-Nedsen staining. 

Bacillary counting was conducted after 
the chamber was homogenized with the 
proper amount of 3% calf serum-PBS until 
th e ring of the chamber was broken into 
small pi eces. 

Results. 

(1 ) In vivo experiments. (a) Nosignifi­
can t multiplication of M. lepraemu.riwn 
was observed in cell-free diffusion cham­
bers inserted in the mouse peritoneal cavi­
ty. (b) Logarithmic growth of M. lep-
1'ael1wriu.111, was observed when diffusion 
chambers containing more than 1,000 cells 
of mouse peritoneal macrophage were in­
serted in mouse peritoneal cavity. Limitcd 
multiplication of mouse peritoneal cells was 
also observed. (c) Mouse kidney cells mul­
tiplied substantially in diffusion chambers 
inserted in mouse peritoneal cavity, and 
apparent intracellular multiplication of M. 
lepraemmiu.111, was observed in some places 
of the cell sheet. ( d ) No significant multi­
plication of M. lepl'aemuriu111, was observed 
when diffusion chambers were inserted in 
the guinca-pig peritoneal cavi ty. 

(2) In vitro experiments. (a) Logarith­
mic growth of M. leprae111,u.riu111, was ob­
scrved in in vitro experiments after a lag 
phase of about 4 weeks, when the diffusion 
chambers contained about 10~ mouse peri­
toneal macrophages. (b) A medium consist­
ing of 40% horse serum NCTC medium 109 
and one consisting of TCTe 109 (50%) 
horse serum (40%), and a 1:5 dilution of 
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bovine or chi ck embryo extract (10%) were 
effecti ve as maintenance mcdia for mouse 
peritoneal macrophages. 

( 3) Common findings. ( a) M icroorga­
nisms that had multiplied cither in vivo or 
in vitro showed infcetivity for mice (b ) 0 

multiplication of cU . lepraemurium in 
guinea-pig periton eal macrophagcs of LBu 
cells was observed either in v ivo or ill v itro. 

Ramasoota, T., Dumrongsil'i, S., Rassmeep­
rabha, K., Prasertsal'avut, P., Chal'oen­
bhakdi, A., Kettanurak, C., Vichien, K , 
Walter, J., Izumi, S., Okada, S., Uehil'a, 
K. and Nishiura, M. Band structures of 
human leprosy bacilli in Thailand . 

The "band structure" of the leprosy bacil­
lus is a peculiar striation whi ch can be seen 
around the cell bodies. As a result of the 
previous studies on this structure, it was 
found that leprosy baci lli have more band 
structures ( Band Index: about 0.8) than 
other cultivable mycobacteria (Band In­
dex: about 0.2). 

As a joint study with the Leprosy Con­
trol Division, Ministry of Public Health, 
Thailand, we studied the band structure of 
leprosy bacilli obtained from active lepro­
matous les ions of th e paticnts at the Out­
Patient Department of Prapradaeng Lepro­
sarium near Bangkok in three months 
(from the cnd of December 1969 to the 
end of March 1970 ) . 

So far, we have collected 36 specimens 
from 36 active lepromatous lesions. Howev­
er, only 10 of these specimens proved satis­
factory for the electron microscopic analysis 
of the band structures of leprosy bacilli. 
The bacilli from each specimen were 
placed on 5-7 copper grids. and a total of 
about 60 grids were examined. 

After careful clin ical study of the pa­
tients, we have looked for correlation be­
tween the clinical signs of leprosy, especial­
ly the speed of the growth of the leproma, 
and the Band Index of the leprosy baci ll i. 

The results were as follows: (a) The 
Band Index differed considerably ( from 
0.02 to 1.30 ) in different patients. The 
value of the Band Index is not constant in 
each kind of mycobacterium. Between vari­
ous strains of human leprosy bacillus, varia-

tion is as bi g as that obscrvcd betwcen 
hum an leprosy bacillus and cultivable my­
cobacteria. From this finding, it bccamc 
c1 car that Band Indcx cannot bc us cd as a 
criterion to differentiate between the hu­
man leprosy bacillus and other mycobac­
teria . 

( b ) Comparative study of the Band In­
dex and clinical symptoms of leprosy, espc­
ciall y the speed of macroscopic growth of 
lepromas of th c patients, seems to tell us 
that qui ckly multiplying leprosy bacilli in 
rapidly growing leproma have a low Band 
Indcx; in other words, qu ickly multiplying 
leprosy bacilli. havc fcwer band structures 
than bacilli growing vcry slowly. 

Nishiura, M., Okada, S., Takizawa, H. and 
Izumi, S. Electron microscope study of 
metachromatic granules of human lepro­
sy bacilli. 

A case of lepromatous leprosy which had 
nevcr been trcated with any an tileprosy 
drugs showed large numbers of leprosy 
bacilli with distinct metachromati c gran­
ules. When the baeilli of this pat ient were 
examin ed by electron microscopy., four dif­
ferent granul ar structures were found . 

( 1 ) Oval electron-dense or electron ­
transparent large granules ( abou t 300 mp' x 
400 mp.). These large granules are found in 
almost all of the solid bacilli of this patient. 
They are usually moderately electron­
dense, but sometimes electron-transparent. 
Large granul es of this kind are always 
surrounded with many small foamy elec­
tron-dense granules of about .30 miJ· in 
diameter. 

( 2) Small foamy electron-dense granules 
( about 30 mp. ). This kind of granule is 
always found around th l~ large oval gran­
ules dcscribed above. They surround both 
electron-dense and electron-transparent 
large oval granul es. 

(3 ) Round electron-dense granules 
( about 90 mp. ). This kind of granulc is 
ex tremely electron-dense. Usually one or 
two granules of this kind are found in a 
bacill ary cell body. Thi s granule is present 
almost constantly in any solid bacilli of an\' 
patient, and because of this, this structure 
seems to be a normal organelle of leprosy 
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bacillus. The function of this granule is not 
known, but extreme electron-d ensity might 
suggcst the prescncc of metal compounds 
in this granule. It is so electron-dense that, 
even after strong shadow-casting with plat­
inum, it is still visible in the bacill ary cell 
body. 

( 4 ) Buc1cling large granules ( about 400 
mJL ). This kind of granul e is found outside 
the bacillary body in a buc1cling arrangc­
mcnt. It seems possible that these budding 
large granulcs arc the beginning of the 
branching mode of cell multiplication of 
leprosy bacilli. 

Among these four kinds of granules , only 
oval large granul es ( 1 ) and budding large 
granules 4 ) are visible wi th the ordinary 
light microscope. Small foamy electron­
dense granules ( 2 ) and round c1 ectron­
dense granules (3) can not be seen with 
the light microscope as they are too small. 
So, the metachromatic granul es correspond 
to these two kinds of visible large granules, 
i.e., oval large granules (especially oval 
electron-dense granules) and budding 
large granules. 

As the bacilli with these large granules 
are usually solid and plump, it is difficult to 
believe that th ese bacilli with metachro­
mati c granules are disintegrating, dying 
leprosy bacilli. Even dividing leprosy bacilli 
with large granules were found elcctron­
microscopically. 

Abe, M. Identifica tion of Mycobacterium 
leprae by fluorescent antibody technics. 

Although there have been several reports 
on the differentiation of mycobacteria by 
fluorescent antibody technics, none has 
ever developed to practical use because of 
wide-spread cross-reactivity of antigens in 
various mycobacterial strains. The author 
has demonstrated that the flu orescent anti­
body prepared from sera of rabbits, immu­
nized with leprosy nodule-extract ( NE ), 
stained leprosy bacilli specifically after ap- . 
propriate absorption procedure, but it did 
not stain the other mycobacteria at all. 
Therefore, it seemed possibl e to identify 
M. Zeprae with this fluorescent antibody. In 
order to confirm this fact, the author exam­
ined the cross-reactivity of this bacillus 

with Huol'escen t antibod ies against the oth­
er mycobacteria. 

The antiserum of rabbit immunized with 
a crude suspension of leprosy nodules ( LS ) 
was used for thi s experiment, in additi on to 
the anti-NE serum. Antisera against M. 
lepraemuriwn, BCe, ),1. aViT.J,111, M. microti, 
M. fo rtuitmn and unclassified mycobacteria 
(p7, p16 a11d p37 ) were prepared in rab­
bits either by intravenous injecti on of th ese 
bacillary suspensions or by multipl e injec­
tions of the mixture of th e suspension and 
incomplete adjuvant into foot pads and 
skin . Both methods of im munization were 
combined in some cases. Purification of IgG 
globulin fractions from these antisera and 
labeling with flu orescein isothiocyanatc 
were performed according to the usual 
methods. The mycobacteri al polysac­
charid es used for the absorption of fluores­
cent antibodies were extracted from 
mechanically di sintegrated bacillary cells 
and purified by ammonium sulfate pre­
cipitation and starch-block zone--elec­
trophoresis. Smears of M. leprae and 
M. lepraemurium were pretreated with 
carbon tetrachloride and trypsin, while 
only the fonner treatment was used in the 
case of smears of the other mycobacteria. 

The results of immunodiffusion tests with 
anti-NE and anti-LS sera have been report­
ed previously. All of antisera against the 
mycobacteria other than .'1. leprae gave 
one or more precipitation lines in agar gel 
with the corresponding anti gen extracted 
from disintegrated b acilli . These antisera 
also showed cross reactions with several 
antigens from the other strains of mycobac­
teria. Similar results were also observed in 
the direct staining of bacilli with each of 
flu orescent antibodies. Therefore, cross 
reactin g antibodies were absorbed by add­
ing polysaccharide fraction prepared from 
each stain of bacilli . In the case of anti-NE, 
LS and M. leprae111urium fluorescent anti­
bodies, BCG poylsaccharide was used for 
the absorption. The titers of fluorescent 
antibodies were scarcely reduced by such 
absorption procedure. In direct stains of 9 
strains of mycobacteria with each of 9 kinds 
of flu orescent antibodies after absorption, 
M. leprae was well stained with anti-NE 
and anti-LS but not at all with fluorescent 



88 International Journal of Leprosu 1971 

antibodies aga inst th e other mycobacteria. 
On the contrary, most of the other strains 
were stained not onl y with corresponding 
fluorescent antibody but also ,"vith some of 
th e antibodies against the other strains 
even after absorption of antipolysae­
charide antibodics. Such cross reactions 
did not show any regular relationship 
with the bactcriologic classifica tion of my­
cobacteria . The anti-LS fluorescent anti ­
hocly stai necl hoth ~f . 7eprae and .If. 7ep­
raemU1'iu111.. This cross rcaction would be 
duc to the ant ibod ies which were presuma­
bly produced by unknown antigens in 
crud e suspensions of leprosy nodnles and 
not absorbed by th e procedure usf'd in this 
exp erim ent. Except for this cross reacti on, 
anti-LS did not react with 7 strains of 
cultivable mycobacteria. 

These observations seem to reconfirm the 
previous findin gs that the common antigen 
among M. leprae and th e other nwcobac­
teria was found in th e polysaccharide frac­
tion and that th e protein antigen in ~1. 
leprae whi ch reacted with an ti -NE and 
anti-LS was very spc'ciflc to this bacillus. 
Accordingly, it may be concluded that 
identification of ~1. 7eprae by fluorescent 
antibody is now mad e possible. 

Drutz, D. J. and Levy, L. The viability of 
of blood-borne Mucobacte1'ium lepl'ae. 

Previous studies ( Drutz et a7. , Clin. Res. 
17 ( 1969) 365) havc demonstrated th at 
lepromatous leprosy is characterized by 
continuous M. leprae bacteremia. The con­
centration of b acilli in the blood is directly 
proportionate to the extent of cutaneous 
bacillary infiltration (skin index) and the 
solid ratio, and inversely proportional to 
the duration of therapy. Bacillemia is 
sparse in patients with erythema nodosum 
leprosum and absent in tuberculoid lepro­
sy. Crude quantitative studies employing a 
modified buffy coat smear technic sug­
gested the presence of approximately 102 

M. leprae per m1. of blood in most un­
treated lepromatous patients. Bacilli were 
largely intracellular ( monocytes and histio­
cytes; less frequently polymorphonuclear 
leukocytes) and largely fragm ented. Nev­
erthless, the presence of a small propor­
tion of solidly staining bacilli in the blood 

suggested that a portion of blood-borne M. 
lep1'ae wcre viable. 

Reccnt work has confirm ed the continu­
ous nature of bactcrcmia in lcpromatous 
leprosy, but more sophisticatcd enum er­
ation technics suggcs t that the concentra­
tion of bacilli in the blood may be much 
higher, approaching 104 to 105 per 1111. in 
one pati cnt with diffusc lepromatosis. 
Baci lli harves ted from th e blood of thi s 
patient have been demonstrated to proli f­
crate in th e mouse foot pad. Hcsults of 
similar studies in other patients arc pend­
ing. cvertheless, it seems likely that at 
lcas t a portion of lcprosy bacilli which 
cnter th e circula tion arc viabl e, so that 
those microorganisms which arc cleared by 
reticuloendotheli al tissues ( liver, spleen, 
bone marrow ) may still bc infectivc. In­
dccd, a small proportion of lepros)' hacilli 
found in liver hiopsy matcrial ( Dru tz, un­
published observation) of bacteremic lep­
romatolls patients arc also solid staining. 
Although viable bacteria may be clcli H' I'Ccl 
to the rcticuloendothelial sys tcm from the 
skin , it remains 'unclear wheth er M. leprae 
are cap ~lblc of furth er proliferation in high­
temperature areas such as the liver. 

Kusaka, T. Biosynth etic activi ties of fatty 
acids in Mucobactel'iwn 7epraemllrillm . 

It has becn known that about the same 
pattern of fatty acids could be detected in 
murine leprosy bacilli ( MLB ) as in many 
species of cul tivable mycobacteria. No in­
vestigation, however, concerning th e path­
way of fatty acid biosynthesis in MLB has 
been reported. Recently many biochemical 
publications have revealed that two main 
biosynthetic pathways of fatty acids can be 
detected in many organisms; one is a de 
novo synth esis of fatty acids starting from 
acetyl CoA and malonyl CoA; the other is 
an elongation of medium or long carbon­
chain fatty acids by stepwise condensation 
with Cz units (acetyl CoA or malonyl 
CoA). Applying new micro-technics de­
veloped in recent biochemical studi es on 
lipids, we have examined biosynthetic ac­
tivities of fatty acids in MLB. 

Materials and methods. MLB (Hawaiian 
strain), purified from murine lepromas of 
mice, were ground cautiously to obtain a 
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. raw whole cellular extract that WLIS used as 
the enzyme preparation. HC-Iabeled short 
and medium carbon-chain (C 2 - C10 ) fatty 
acids were incubated with th e enzyme 
preparation al ong with the required cofac­
tors; radioactive fatty acids of other organic 
acids form ed after a certain incubation 
period were detccted by chromatographic 
tcchnics and rad iation counts. 

Results. I t was found that the de novo 
synthctie activity of fatty acids in MLB was 
almost negligible, whereas the elongation 
system from clecanoic acid appeared to be 
signi ficantly active; after incubation the ra­
dioactivity of 1-' 4C-dccanoie ac id was 
found to b e incorporated mainl y into nor­
mal chain fatty acids with 12, 14, 16, 18 and 
20 carbon atoms. These elongations were 
found to occur by condensation , stepwisc, 
of dccanoyl CoA with acetyl CoA. In addi­
tion, MLB wcrc found to contain enzymat­
ic activ ity catalyzing form ation of polar 
organic acids from short carbon-chain fatty 
acids. Identi£cation of these products is 
now in progress. 

Discussion. Although MLB possess sig­
nifi cant ability to form long carbon-chain 
fatty acids from decanoic acid, they may 
be unable to synthesize decanoic acid, as 
shown by their lack of significant acti vity in 
de novo synthesis of fatty acids. Oth ers 
have reported that some :111aeroh ic b ,lCl-cri a 
such as Selenom onas ruminantium require 
fOJ· their growth a normal chain fa tty acid 
with 3-10 carbon atoms. It could be reason­
ably assumed, therefore, that decanoic acid 
might be considered as one of the nutrients 
required for the cultivation of MLB in 
vitro. 

Speers, W. C., Marley, G. M. and Morrison, 
N. E. Mycobacterial dihydroflorate re­
ductase. Second sequential blockade site 
of the de novo folate pathway. 

It may be argued, a priori, that because 
the multiplication of Mycobacterium, Zepme 
is inhibited by DDS, sulfadim ethoxin c, sul­
form ethoxine or sulfamethoxypyridazine, 
the organism is capable of synthesizing 
folate coenzymes by the de novo pathway. 
For, if this were not so, M. Zepme would be 
capable of utilizing preformed folates 
present in human or mouse tissues and thus 

side-track growth inhibition by sulfones or 
sulfonamidcs antagonizing the PABA site 
of the de novo folate pathway. 

Dih ydrofolate reductase represents the 
second site of the de novo folate pathway 
open to antimetabolite inhibition and is 
thus of importance in the experimental 
chcmotherapy of leprosy infections. A 
TPNH-linkcd' dih ydrofolate reductase has 
bcen found in extracts from a wide range of 
mycobacteria including M. abscessus, M. 
borstelense, and M. t uberculosis. The en­
zyme has been purified from DDS sensitive 
and resistant mutants of My colHlcteriUln 
sp. 607. The enzyme is comparable to other 
bacterial reductases with a molecular 
weight bclow 30,000. Substrate specificity 
studies show that th e enzymc is specific for 
dihydrofolate and docs not react with 
folate or DPNII. Activation docs not occur 
with salts or urea additi on. 

Active site binding stu dies with di amino­
heterocyclic inhibi tors have shown that tri­
methoprim and pyrimethamin e arc rela­
tively poor inh ibitors of the mycobacterial 
reductase. This observation thus offers an 
explanation for the lack of effects of the 
drugs against )1. l eprae and M. u1cc I'a1ls in 
the mouse foo t pad.-[Thi s investigation 
,"vas supported in part by the U.S.-Japan 
Cooperative Medical Science Program ad­
ministered b y the Nati onal Institute of Al­
lergy and Infectioll s Diseases of the Na­
tional Institutes of H ealth, Department of 
H ealth, Education and Welfare (Grant AI-
08416 and Contract NIH -70-2286 ), Bethes­
da. Maryland 20014] 

Mori, T. and Innami, S. Immune cross­
reaction among Mycobacterium, leprae, 
BCG and human bone and cartil age. 

Sometimes a degradation of fin ger bones 
and nose cartilage is seen in lepromatous 
leprosy patients; in tuberculosis patients 
vertebral caries are sometimes seen in which 
the abscess contains no detectable tubercle 
bacilli. Sometimes a precipitation antibody 
reacting with the ccllular extract of BCG 
has been identified in the serum of lepro­
matous leprosy pati ents, but the detection 
of this antibody is very difficult in tubercu­
loid leprosy patients. Since the destruction 
of finger bone and nose cartilage is seen 
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only in lepromatous leprosy pa ti ents, we 
speculated that th ere may be a common 
antigen among ~;[. leprae, BCG and human 
bone and cartilage. In thc present rcport, a 
common antigen among M. teprae, BCG 
and human bone has been demonstrated by 
Ouchtcrlony's immunodiffusion method 
and by flu orescent an tibody, and inflamma­
ti on of bone in leprosy and tubcrc.ulos is has 
bcen discussed as an im muno-cross­
rcaction. 

.Methods. Sensitization method with M. 
leprae. Since thc sensiti zation of rabbits 
with M. Zeprae is very diffi cult, wc used a 
specific method as follows: Frcund's incom­
plete adjuvant, 15 mg. of polysaccharid e 
fraction of Klebsiella pneumoniae type 2 
and a saline emulsion of 1.1 gm. fresh 
leprosy leproma were mixed, and 4 ml. 
injected bilaterally into the gluteus muscles 
of each of three New Zealand white rab­
bits. After 40 days a booster injection was 
given intravenously with 2 ml. of a saline 
emulsion of 0.5 gm. leprosy leproma. Total 
blood was collected from carotid one week 
after booster. 

Sensitization method with BCG. A saline 
emulsion of 45 mg. whole live BCG bacilli 
cultivated on Sauton medium for 3 weeks, 
were mixed with Freund's incomplete ad­
juvant, and 4 ml.injected bil aterally into 
thc gluteus muscles of each of three New 
Zealand white rabbits. Forty days later 
boos ter reinjecti on was performed in­
travenously with 1 ml. of a saline emulsion 
of 1 mg. of whole live BCG bacilli . 

Antigen of M. leprae. 3.5 gm. of raw lep­
rosy lepromata were ground with equal 
weights of quartz sand in a mortar, and 
made up to 10 ml. with saline; after centri­
fugation at 10,000 rpm the supernatant was 
again centrifuged with 40,000 rpm. The 
supernatant was used as antigen after con­
centration to one-third the volume. 

BCG antigen, M . lepraemurium antigen 
and bone antigen. These anti gens were ex­
tracted with water and after centrifugation 
the supernatants were concentrated with 
polyethyleneglycol. 

Detection method 
Common antigens 
Ouchterlony's agar 
method. 

of common antigen. 
were detected by 

immune diffusion 

Preparation method of (iuorescent lInti· 
body. Thc gamma-globulin fraction was 
separated from rabbit antiserum by ammo­
nium sulfate p recipitation. Onc mg. of 
fluorescein isothi ocyanate was added to 100 
lng. of ga mma-globulin, the free fluorcsccin 
isothi ocyan ate was removed with Sephadcx 
G 25, and ovcr anionic charged fluoresccnt 
antibody was rcmoved with D EAE cellu­
lose. A ntileprosy Ouorcscent antibody was 
treated hy ahsorp tion with acetone dri ed 
hum an skin powder, and anti -BCG AU OI'es­
eent an ti bocly was treated by absorption 
with acetone dri ed rabb it li ver powder. 

Results. The water extract of M. leprae, 
BCG, M. lepraemuriU1n and human bone 
made a common precipitation line with 
antileprosy rabbit serum on the agar plate. 
The water extract of M. Zeprae and human 
hone made a common precipitation line with 
anti -BCG rabbit scrum. Vile could not iden­
tify th e particular structure of bone which 
is stained with anti-BCG Auorescent anti­
bod y. However, wc could detect that carti ­
lage cclls and spongy ti ssue of bone were 
stained with fluorescent antibody. 

Barksdale, W. L. Hansen's bacilli: pheno-
lase, a-N-acetyl galactosaminoyl-galac­
tose, acid-fas tness and the pyridine solu­
ble "layer." 

Our work has demonstrated that on the 
basis of the chemical structure of their cell 
walls, bacteri a, isolated in various parts of 
the world from lepromatous and tubercu­
loid leprosy, may be divided into two 
groups: I and II. The mureins of these two 
groups are dissimilar, Group II organisms 
may be furth er subdivided according to the 
length of the long chain, a-banched, ,B-hy­
droxylated fatty aci cl s of their cell enve­
lopes: i.e. , the long chain fatty acids in 
group IIa organisms have formulas close to 
CR2H G4 0 a whereas those of lIb are closer 
to CssH m O:!. Prabhakaran and associates 
have shown that bacilli , M. leprae, har­
vested from lepromata and, particularly, 
from the spleen (s) of cases of lepromatous 
leprosy, possess a phenolase which is spe­
cifically inhibited by diethyldithiocarbamic 
acid. Such phenolase activity was found by 
these authors to be absent from true myco­
bacteri a examined by them. While our 
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group IIa and JIb organisms exhibit no 
phenolase activity, group organisms from 
lepromatous and tuberculoid leprosy pos­
sess a phenolase of the kind dcscribed by 
Prabhakaran, Ki r chh e illl e r and JLnr is. 
Group I organisms also possess certain anti­
gens which specifically react with agglutin­
ins, including isoagglutinins, dirccted 
against th e human mucopolysaccharide 
end-groups ( anti genic determin ants ), o:-N­
acetyl galactosaminoyl-galactosc and o:-D­
galactosyl-galactose. Antigens prcpared 
from organisms of groups I and II elicit 
responses in the skins of some leprosy pa­
ti en~s. 

The observation of Campo-Aasen and 
Convit that acid-hematein-fixing material 
of M. Zeprae could be removed with pyri­
dine, led Clark Fisher to discover that the 
acid-fastness but not the Gram positivity of 
most leprosy bacilli could be removed with 
pyridine whereas the acid-fastness of true 
mycobacteria could not. This suggests that 
most leprosy bacilli are not mycobacteria. 
Slides will be presented which indicate 
that leprosy bacilli from most lepromatous 
tissues lack ultrastructures common to my­
cobacteria. Also electron micrographs will 
be shown which indicate a correspondence 
between ultrastructural markers found in 
leprosy bacilli in tissue and bacilli culti­
vated from that tissue. 

Okada, S. Fine granules in lepra cell s of 
erythema nodosum leprosum. 

The electron microscopy of th e lesions of 
erythema nodosum leprosum ( ENL ) re­
vealed the destruction of some lepra cells 
including the rupture of intracytoplasmic 
foamy structure, degeneration of collagen 
fibers and the phagocytosis of cell debris 
and leprosy bacilli into the leukocytcs that 
come into the lesion of ENL, as reported 
by the author. 

In addition to these changes, fin e, spheri­
cal and electron-dense granules of about 
90A in diameter could be found in the 
cvtoplasm of lepra cells in th e lesion of 
ENL. The granules were commonly dissem­
inated in the cytoplasm of lepra cells. In 
some lepra cells, however, many granules 
were gathered together and formed a lump 

adjacen t to thc wall of foamy structurc. 
Otherwise, speci fi c relation of granules 
with organell a of Icpra cclls could not be 
observed . The granules could not always be 
found in each lepra cell of ENL lesion. In 
the leukocytes which came to the ENL 
lesion, the fin e granul es could not be found. 
The granulcs were present in all of 6 ENL 
lesions taken from 6 patien ts, although th e 
numbcr of granulcs was small in onc case. 
The granul e could not 1)(:' found in any of 4 
lepromata of 4 nc\v lepromatous cases not 
yet treated . Howcvcr, in one leproma out 
of 3 taken from :3 cases under treatment, 
th e granules could bc found. 

The nature of thcse granules is still un­
known. 

Mayama, A. Complement factors in lepro­
matous patients with ely thema nodosmll 
leprosum. 

In the prcvious reports on humoral anti­
bodies in Icpromatous leprosy patients with 
erythema nodosu m leprosum ( ENL ), it 
was found that thc appearance of ENL 
durin g the course of an tileprosy chemo­
therapy is caused by self antigen-antibody 
reactions. In cases of advanced leproma­
tous leprosy, specially in those of systemic 
or diffuse forms. the delayed hyper.sensitiv­
ity to the degcnerated leprosy bacilli and 
their phospholipid components ( antigens) 
may cross-react to antigens from human 
heart, blood vesscls, nerve ti ssues and 
joints, and may be an important source of 
intrinsic factors lcading to the production 
of Illany self-antibodi es. 

The purpose of this report is to present 
the biologic characterization of comple­
ment factors of scrum protein in E L. 
Immunofluorescent staining was performed 
on sections of biopsy specimens from ENL 
lesions in the skin of 4 lepromatous patients, 
and in controls from lepromatous skin 
lesions of 3 pati ents without ENL. In the 
indirect incubation method, the antibodies 
labelcd with flu orescein isothiocyanate to 
the first and third components of comple­
mcnt in the serulll wcre prepared respec­
tively in rabbits. Sera of 10 lepromatous: 
leprosy patients with ENL, 10 others with­
out ENL and of 5 tuberculoid leprosy pa-
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bents were examined . Secti ons werc also 
stained with hematoxylin-eosin and Van 
Gieson's and ritc- Faraco's methods. 

Prom inent Auorescence was observed in 
the cytoplas m of small lymphocytes, plas­
ma cells, histiocytes, and polymorphonu­
elears at the site of eruptions of E L only 
whcn the secti ons werc treated with the 
scra of ENL. Granular flu orescent deposits 
of thc third component wcre much more 
promin ent than those of the first com­
p<.ment as demonstrated by A~iOresccn.ce 
microscopy in the areas of de)'lTIls contalll ­
ing peri vascul ar cell infiltration and /~r 
fibrin oid degeneration with partial ncerOS1S 
of ENL lesions. Bind ing of anti gen­
antibody and complement in E L could bc 
demonstrated by immunofluorescencc. 
However, no granular flu oresccnt dcposits 
were found in the E L secti ons when the 
sera of lepromatous lep rosy without ENL 
and of tubercul oid leprosy were used for 
the sections. 

In additi on, the complement level of sera 
in leprosy pati ents was determined by mi­
cro-im munoelectrophoresis and immuno­
diffu sion methods. Sera from 1.3 cases of 
lepromatous leprosy taken several days af­
ter the clinical manifestation of E L, 22 
lepromatous leprosy patients without ~NL 
and from 3 tubcrculoirl leprosy patients 
were used in this study. A significant in­
crease in the third component, and a mod­
erate increase in the fourth component of 
the complemcnt was seen only in th e sera 
of lepromatous leprosy with ENL. The 
mean values for third component were 260 
mg. per 100 ml. of serum in lepromatous 
leprosy with ENL, 156 mg. in lepromatous 
leprosy without ENL and 133 mg. in tuber­
culoid leprosy. Generally, repeated exami­
nation revealed a gradual deeline of the 
increased levels of the third component in 
the cases of ENL which were at the recov­
ery stage. In lepromatous leprosy with re­
current attacks of E L, however, there was 
a marked increase of th c third component 
of the complement before the occurrence of 
the les ions of ENL in the skin. 

Bullock, W. E., Evans, P. D. and Filameno, 
A. R. Impairment of cell mediated im-

Illunity by infection with i\1!Jcohacte rittl11 
lepraemlll'itt l11. 

Previously, it has been shown that th e 
isohistogcn ic Lewis strain of ra t can be 
infceted successfull y with murin e leprosy 
and th at such infection will blockade in­
duction of adju va nt arthriti s in this animal 
( Bullock, W. E. and Evans, P. E. , Fed. 
Proc. 28 ( 1969) ,564). To further assess th e 
effect of infection by M. lepraemurilt '17 on 
cc ll med iated immunity, we have meas­
ured the ability of leprous ra ts to reject 
skin homografts made across a major histo­
compatibility ( H-1 ) barrier. Thc mcdian 
survival time ( MST) of skin grafts made 
from Brown NOl'\vay ( BN ) rats ( Ag-B~ ) to 
14 normal Lewis ra ts ( Ag-B' ) was 8.0 ( ± 
1.1 ) days but in 15 infected ani mals the 
MST was prolonged to 10.1 ( ± 5.2) days. 

Although the MST of BN to Lewis grafts 
was significantly prolonged ( p < 0.01 ), no 
graft survived beyond 14 days in leprous 
ani mals. In othcr expcriments, the ahility of 
leprous rats to develop delayed hypersensi­
tivity to sheep erythrocytes ( SImCS ) was 
measured after sensitization was attempted 
with 7.5% SRBCS in inconiplete Freunds 
adjuvant. Pl ethysmographic measurements 
of changes in paw volume were performed 
24 hours after intradermal challenge into 
the paw with SRBCS. The mcan increa:e 
in paw volu me after SRBCS challenge 111 

12 sensitized norm al rats was 10.7% and 
4.5% in 12 leprous rats ( p < 0.05). Paw 
volume increase in normal controls that 
received only the challenge injection of 
SRBCS was 3.2%. The production of he­
magglutinating antibody in response to 
SRBC sensitization was normal in infected 
animals. Finally, we have demonstrated 
unequivocal reduction in thc cl inical and 
histologic severity of experimental allergic 
encephalomyelitis (EAE ) in leprous rats as 
compared with normal controls. ~ild E.AE 
was produced in normal rats by un mumza­
tion with rat spinal cord in incomplete 
Frcunds adjuvant but EAE was attenuated 
or absent in infected animals. Immunization 
with spinal cord in adjuvent containin? B. 
pertussis produced hyper-acute EAE m 8 
of 9 normal rats; only 4 of 10 infected 
animals were so affected. 
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The results indi ca tc that chroni c intracel­
lular infection by M. leprae111t1ri'llm may 
cause modcrate suppression of cell nwdi ­
atccl immunity as a conscquenee of thc 
infection itsclf.- [This inves ti gation was 
supportcd by Grant AI-07964 from th e Na­
ti onal Institute of Allcrgy and Infecti ous 
Diseascs, National Institutcs of H ealth , Bc­
th esda, Maryland 20014] 

Han, S. H., Weisel', R. S. and Lin, P. O. 
Behavior of leprous macrophagcs in the 
macrophage migration inhibition tes t. 

Us ing buffy coat cell s and macrophage 
mi gration-inhibition tcs ts with PPD and 
lcprolin wc have previously shown that, 
whereas the migration of tuberculoid mac­
rophages is markedly inhibited, the mi­
gration of lepromatous macrophages is only 
slightly inhibited. Similar results were ob­
tained in experimcnts in which th c tcs ts 
were conduetcd with leprous lymphocytes 
mixed with normal guinca-p ig macro­
phages. Sincc thcn we have tes tcd the 
capacity of leprous macrophages to re­
spond in mi gration inhibition tests conduct­
ed with mixtures of tuberculin-sensitive 
lymphocytes, PPD, and leprous macro­
phages. The results of these tests will b e 
reportcd and di scussed.-[This investiga­
tion was supported by th e U. S. -Japan Co­
operati ve Mcdical Sciencc Program , ad­
mini.stcrecl b y the ational Institute of Al­
lergy and Infectious Diseases ( Grant AI-
03211 ) of th c National Institutcs of H calth , 
Departm ent of Health , Education and 
W elfare, Bethesda, Maryland 20014] 

Abe, M., Minagawa, F ., Yoshino, Y. and 
Sasaki, N. Application of immunofluores­
cence to the studies on humoral and 
cellular antibodies in leprosy. 

In the previous invcstigations, it was 
demonstrated by immunodiffusion and im­
munofluorescence that Mycobacterium l.ep­
rae contained a specific protein antigen 
that was easily separated from leprosy nod­
ule extract ( NE ). This an tigen induccd not 
only F ernandez reaction in leprosy patients 
but also antibody formation in rabbits. 
Therefore, one may well question whether 

or not leprosy patients produce antibody 
agai nst this protcin anti gen. 

Specific staining of M. leprae by anti-NE 
fluoresccnt antibody was found to bc inhib­
ited by unlabeled antibody, an evidence 
for the specificity of the immunofluores­
cence. Such an inhibiti on tes ts was applied 
to detect humoral antibodies in leprosy 
patients. A smear of a suspcnsion of leprosy 
bacilli was covered with serum dilutcd in 
1:40 or more, incubated at 37°C for 30 
minutes and, after washing, staincd with 
anti-Nt.<: flu orescent antibody. No inhibition 
of imillunofluorescence was found with scra 
from health y pcrsons, rabbits immunized 
with BCG or cardiolipin combincd with 
methylatcd bovine serum albu lllin , or with 
sera from 6 cases of tubercul oid leprosy. 
However, sera from 10 of 12 lepromatous 
pati ents with or without ENL showed posi­
tive inhibition with serum dilutions of 1:40 
or morc. Accordingly, it may b e considercd 
that patients with lepromatous lcprosy pro­
duce antiprotein antibody against M. lep­
rae, in addition to antipolysaccharidc and 
anticardiolipin antibodies, whereas pati ents 
with tuberculoid leprosy produce little or 
none of these antibodi es. 

On the other hand, as represented by 
leproillin reactions, the production of cellu­
lar antibody in leprosy seemed to be gcner­
ally in reverse rclationship with humoral 
antibody formation . This might be based 
upon the balanced production of two types 
of antibodies, i.e., predominantly humoral 
in lepromatous leprosy, and mainly cellul ar 
in tuberculoid . H owever, could the same 
anti gen induce diffcrent responses of anti ­
body-formin g cells according to the inter­
nal environment of the host? In order to 
clarify thesc problems, the authors con­
ducted immunohistologic examinations on 
cutaneous rcactions of guinea-pigs sensi­
tized with BCG, using fluorescein-labeled 
lepromin and fluorescent antibodies against 
guinea-pigs' lymphocytes, peritoneal mac­
rophages and serum globulins, respective­
ly, and, at the same time, investigated the 
effect of these antibodies on cutaneous 
reactions to lepromin. Labeling of lepromin 
with fluorescein isothiocyanate through cel­
lulose membranes caused no change in the 
potency of lepromin. Intraperitoneal injec-
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tion of anti lymphocytc antibody sup­
p ressed thc cutaneous reactions due to la­
bel ed and unlabeled lepromins at both 24 
hours and 2 weeks after the injcction of 
antigens, whcrcas antimacrophagc and an­
ti scrum globulin antibodies causcd no inhi­
bition of the cutaneous reactions. Thcsc 
facts may indicate that lymph oid cells of 
guinea-pigs sensitized with BCG play a 
lcading part in cutancous rcactions due to 
lepromin . The results of immunohistologic 
examination of th e skin region will be dis­
cussed from the point of view of cellul ar 
immunology. 

Skinsnes, O. K. Immuno-epidemiologic con­
cepts in leprosy. 

The presentation will contrast and com­
pare th e historic development of leprosy 
endemics and epidemics as related to geo­
graphic features in several areas of thc 
world, concentrating on the Pacific area. 
Additional , partialy forgotten, observations 
on village and home contact sprcad of 
leprosy will be presented. From th ese 
presentations principles of epidemiology 
related to the immunopathology of leprosy 
will be sought and rel,ated to problems of 
leprosy case finding, control and possible 
eradication. 

Fajardo, T. T., Jr. Inde terminate leprosy­
a 3-year study. Clinical observations . 

Of 54 outpatients diagnosed clinicall y as 
indeterminate leprosy on preliminary ex­
amination at the Cebu Skin Clinic, Cebu 
City, Philippines, from 1965 to 1967, 3 
(5.6%) were histologically early tubercu­
loid, and 51 showed indeterminate histopa­
thology. The diagnosis was confirm ed by 
findin g acid-fast bacilli in the nerve and / or 
infiltrate in 42 (82.45%) of the 51 cases. 

There was no untreated control group. 
However, extensive previous experience 
has shown that an appreciable proportion 
will fail to continue treatment as outpa­
tients on a voluntary basis, and this short­
coming was made use of in determinin g the 
probable effects of varying amounts of 
DDS therapy. 

The pre~ent report is a preliminary ac­
count of the course of the disease in 27 

histologica ll y conRl'Ilwd indetermin ate C:: IS(, .· 

wh o \\I(' re observed For :1t least 3 years, :1 nd 
its relation ship to (-/w number and extent 
of th e skin lesions, preli minarv leprom in 
reacti on , hacte riologic: ~ kin smears and 
amount of DDS therapy received. 

There were 14 males and 13 females ; the 
majority werc between the ages of 10 and 
2.5; th e duration of skin lesions ranged from 
a few months to more than 5 years. The 
lesions, mostly on exposed portion of the 
extremities, were all macula r and hypopig­
mcnted; they were generally ill -defin ed, 
and all had va ryin g degrees of scnsory 
impairment. In no case was there a history 
of th e les ions having been previously raised 
above the adjacent skin . 

Of th e '27 patients, 14 had single lesions: 
of minimal extent, 8 had lesions of moder­
ate extent, and 5 had fairly extensive 
les ions. In only 1 of the 27 patients were 
acid-fast bacilli found by the slit skin 
smears, and then in only one si te; however, 
acid-fast bacilli were noted in all th e 27 
cases on histopathologic study. Of the 27 
pati ents, 4 adults were initially Mitsuda 
negative (0 - 2 mm. ) (3 converted during 
the course of observati on, 2 · were initially 
doubtful ( 3 - 4 mm. ) both subsequentl y 
becam e positive), and 15 were initiall y 
:VIitsuda positive (5 Illm. & over ). In 6 the 
reactions were not reae!. 

There werc 6 transformations noted dur­
ing th e observation pcriod. In 2 patients> 
the ir solitary lesions transformed to tuber­
culoid ( reactive) within the first yea r, after 
receiving 1.4 gm. and 3.6 gm. of DDS. In 3: 
pati ents, tuberculoid transformation was 
noted in th e 1st year ( after 12 gm. of 
DDS ), in the 2nd year ( after 24.4 gm. of 
DDS ) and in the 3rd year (after 12.0 gm. 
of DDS ), respectively. In one adult patient 
who was initially Y1itsuda negative and 
who presented a single bacteriologicall y 
negative and rath er extensive lesion that 
was clinically and histologically indetermi­
nate, borderline transformation was noted 
on 2nd year examination (after receiving 
only 1.4 gm. of DDS ), with appearance of 
new bacteriologicall y positive widely dis­
tributed infiltrated lesions. 

In the pati ents whose lesions became 
tuberculoid and tuberculoid (reactive), the 
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. les ions subsequentl y Battened and became 
inactive 0 1' arrested , except in on<:' case who 
had only recentl y transformed. 

Of 21 pati ents whose lesions remain ed 
clini cally indeterminate, the lesions im­
p roved moderately in 17 and had become 
inacti ve or arrested on last observation ( the 
DDS received so far ranged from .5 gm. to 
60 gm. pCI' pati ent ). In 4, the lesions were 
appraised on last observati on as stationary 
or progressive, after 5.1, 33.8, 41.4 ancl 46.9 
gm. of DDS. 

III this preliminary report, the prognos­
tic va~ue of lepromin test was we ll demon­
strated, as well as th e expected in fl uence of 
th e ex tent of initi al skin lesions, on the 
course of the disease. And aside from the 
probable influence of other factors , clinical 
improvement was noted with DDS thera­
py, regardless of the amount received.­
[This investigation was supported by the 
Leonard Wood Memorial and b y Grant 
AI-07266 from the National Institute of 
Allergy and Infectious Diseases, National 
fnstitutes of H ealth , Bethesda, Maryland 
20014] 

Abalos, R. Indeterminate leprosy-A three­
year study. Histopathologic observa tions. 

Histopathologic studies were macle on 
materials taken from 54 pati ents who came 
to the Cebu Skin Clinic, Cebu City, Philip­
pilles, for consultation b etween th e years 
1965-1967, and whose lesions were diag­
nosed clinically as indeterminate leprosy. 
The clinical diagnosis of indetermin ate lep­
rosy was confirmed in 42 patients by find­
in g acid-fast bacilli in their tissue section, 9 
fai ed to show acid-fast organisms on serial 
sections even after thorough and careful 
search and 3 had tuberculoid leprosy. 

The histopathologic changes seen in the 
42 cases consisted mainly of round cell 
infiltration around blood vessels, nerves and 
dcrmal appendages; in additi on small foci 
of epithelioid cells were scen in 16 cases. 
Nerve involvement was perineural , except 
in 14 cases that also showed endoneural 
involvement and 2 cascs with hyaline 
change. 

Acid-fast bacilli w ere demonstrated after 
careful search in nerves in all 42 cases; in 

22 cases they were also seen in the 
infiltratc. In 8 cases , acid-fast bacilli were 
also noted within a rectores pylorurn mus­
cles. 

Twenty-seven cases were followed histo­
pathologically for a period of 3-5 years. The 
histologic status of eaeh patient will be 
discusscd and illustrati ve cases will be 
presentcd.-[This investiga tion was sup­
ported by the Leonard ' Vood Memori al 
and by Grant AI-07266 from the Na ti onal 
Institute of Allergy and Infecti olls Di s­
eases, National Insti tutes of Health, Bc­
thesda, Maryland 20014] 

NakamUl'a, K., Hisai, S. and Yogi, Y. Studies 
on the development of experimcntal lep­
rosy in mice. The influence of thymec­
tomy, gamma-irradia tion, and administra­
tion of testosterone. 

Multip lication of Mycobacterium leprae 
in th e normal mouse foot pad was observed 
in slow but consistent fashion until the limit 
of approximately lOr. b acilli was reach ed , 
after which there was no further multipli ­
cation. Hees and co-workers have recently 
reported that the infection of M. leprae has 
produced experimental lepromas (over 10 
bacilli a footpad ) in mice thymectomized 
and given 900 I' of whole body x-irradiation 
to depress their immunologic capacity, and 
then some mice were observed microscopic 
lesions in the footpad . W e have observed 
increased growth of M. leprae in the foot­
pads of golden hamsters treated with thy­
mectomy, and thymectomy plus testos­
terone administrati on, and also observed a 
distinctly increased number of bacilli and 
the development . of a nodular swelling 
characteristic of M. lepraernmitlm in the 
food p ads of mice and hamsters treated 
with thymectom y, testosterone and chloram­
phenicol. 

The present investigations were carried 
out to examine the effect of thymectomy, 

. gamma-irradiation (noco ) or administra­
tion of chl oramphenicol ( CM) and testos­
terone in the thymectomized mouse. Such 
treatments werc cmployed either alone or 
in combination . 

Thymectomy was performed from 6 to 48 
hours after birth ( neonatal thymectomy), 
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or at the age of 4-5 weeks ( th ymectomy ). 
In add ition, some were exposed to gamma­
irradiation and transfused with bone mar­
row. All mice \vere given commercial food 
pell cts , and in groups 4-7 ( descr ibed b e­
low) CM ( 100 /J. gm./ml. ) was added to 
th e drinking water. Tes tosterone pro­
pionate was intramuscularly injected with 
0.2 mg. / mouse at the 2 week interval after 
the infection. There were 8 groups of mice, 
as follows. 

1. Neonatal thymectom y. 
. 2. T hymcctomy. 
.3. Thymectomy and testosteron e. 
4. Thymectomy and CM. 
5. Thymcctomy, irr a di a tion (a single 

trea tment with 900 r ) and CM. 
6. Thym ectomy, irradiation ( twice with 

200 r each ) and CM. 
7. Th ymcctomy, irradiation ( twicc with 

200 I' each ) , CM and tes terone. 
8. Controls ( foot pad infection oll ly) . 

In the thvmeetomized-irradiated mice 
( group 5 ), the growth of M. leprae during 
the logarithmic phase of multiplication was 
not faster than in the controls. However, 
during th e succeeding period, when the 
growth in the controls had ceased, the 
growth in the groups 1-7 continued until 
bacillary counts approached 10' - 108 ap­
proximately 10 months after the infection. 

In our study the number of bacilli was 
smaller than that reported by Rees and 
co-workers . Possible explanations for the 
apparent discrepancy include differences 
in lines of mice or in the admin istration of 
chloramphenicol. 

However, we have confirmed that thy­
mectomized-irradiated mice show larger 
numbers of bacilli in the foot pad than 
untreated mice, and that thymectomy, thy­
mectomy combined with irradiation of low 
dose x-ray, and administration of testos­
terone were effective in allowing bacilli to 
grow at an early stage of the infection. 

It may be concluded that our modilled 
methods were superior to the technic of 
thymectomy plus a whole body x-i rradia­
tion . However, furth er experiments using 
mice reared in barrier systems must b e un­
dertaken to determine whether similar re­
sults can b e obtained by the method Rees. 

Sushida, K. and Hirano, N. Experimental 
transmission of leprosy bacilli in m ice: 
1. Inoculation tes t of human leprosy 
materia l into the testis of mi ce injec ted 
with 1 a 11. 2. C learance test of serum of 
mice injected with 1311. 3. Study on body 
temperature of mice injected with 1311. 

Experiment 1. Previously, the authors in­
jected human leprosy material into the 
rabbit tes tis because it has a lower temper­
ature. T his paper deal s with the mice in­
jected with sodium iodide (13tl , 50 /J.Ci 
per mouse ) . One month after th e injection 
of 1:111, the thyroid tissue had been disinte­
grated and there was a fall in body tcmper­
ature, amoun ting to 1°C on the average as 
compared with control mice. Thc mice 
were subsequently inoculated with human 
leprosy bacilli (about 105 ) into the tes ti s. 

Results. Eight to nine months after in­
oculation, acid-fast bacilli in the inoculated 
sitc wcre scattered or gathered cxtracellu­
larIy. About 10-15 months after inoculation, 
the acid-fast bacilli were found abundantly 
in the cell s, thus forming the globi. Thesc 
globi were not round like th ose found in 
murine leprosy but most of them were 
spindle shaped. However, the acid-fast 
bacilli in globi developed into segmcnted 
forms 16 months after inoculation. It was 
considered, therefore, that the functions of 
th e reticuloendotheli al system were low­
ered after 1311 injection. 

Experiment 2. The effect of 1:I JI on innate 
immunity of the blood reticuloendoth elial 
system of mice: mice were injected with 
13J I (50 /J.Ci per mouse), and 3 days, 2 
weeks and 5 weeks after injection, the 
following experiments were carried out. In 
each experiment 9 mice were used, and 0.1 
ml. ( 10 mg. / m1. ) of E. coli ( 24 hour cul­
ture) was injected intravenously, followed 
by coll ections of blood from the heart with 
syringes containing sodium citrate, 30 and 
60 minutes after injection. Of the blood ' 
sample obtained from the 3 mice, 0.5 m1. 
each were pooled. The liver, spleen and 
testis of each mouse vere emulsifi ed ( 100, 
mg./ml.) and the emulsified organs of 3 
mice were pooled. Blood and emulsion of 
organs were diluted with NaCl solution, 
and the diluted samples were poured into-
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Petri dishes with melted agar and incu­
bated. Thc bacterial colonies on the plates 
were counted . The average number of bac­
teria in the blood ( 1 ml. ) was compared 
with that of the control mouse. 

Results . The e1earance ability of 1:1 11 

trea ted mice 3 days aftcr the il~ ocul ation 
was about thc same as that of the control 
mouse; 2 clOd 5 weeks later a number of 
bacteria remained in the blood because of 
dimini shed cl earance. In thc testis, the 
c1 earancc ability was wcak, whereas it was 
unchanged in th c liver and splcen. 

Experiment 3. The degree of a fall in 
body temperature and the destructi on of 
thyroid tissue in the mi ce injected with 
1:11 1 are not correlated . The authors di­
vided 131 1 trea ted mice into two groups. 
One group contained mice injected with 
two doses of 100 jJ.Ci of 131 1, and the 
second group was injected with .50 ,.,.Ci 
three times. In the 1 ~1 1 treated mice, mur­
ine leprosy material and human leprosy 
material were inocula ted, and the correla­
tion of the body temperature, thyroid tissue 
and their lepromas were investigated . 

Shepard, C. C. and McRae, D. H. A heredi­
tary characteristic that varies among iso­
lates of Mycobacterium Zeprae. 

Isola tes of M. /eprae in mouse foo t pads 
we):e found to differ in two related proper­
ties, the averagc ratc of growth between 
inoculati on and harvest ( G ) and the num­
ber of bacilli in the harves t (H). For "fast" 
strains, the medi an values for G were less 
than 25 days / generation and the median 
va lues for H above 10(>.1 . F or "slow" 
strains, the medi an values for G 'Mere 
above 30 and the medi an values for H were 
belo'vv 10,,·6. Data were availabl e for 59 
isolates, and they formed a continuous 
spectrum between th e two extrcmes. There 
was no correlation with DDS resistance. 
The "fastncss" characteri stic was stable; it 
did not change on passage in mice, and was 
in agreement when more than one isolate 
had becn made from the same patient. 

No important differences were apparent 
according to geographic ori gin of the pa­
tient's infection. Histologic studies showed 

that "fast" strains grew to a higher level 
before inducing the infiltrate of lympho­
cytes and macrophages that appears at the 
end of the logarithmic phase of growth in 
mouse footpads. 

Some of the differences between "fast" 
and "slow" strains suggest the lepromatous­
borderline diff.erenccs scen in human lepro­
sy. Accordingly, correlation with the type 
of diseasc in the patient from whom the 
strain was isolated is bein g searched for. 
Howcvcr, no correlati on has yet bcen 
fOllnd . 

Tsutsumi, S., Sakamoto, Y., Gidoh, S., Naka­
mura, K., Hisai, S. and Yogi, Y. Screen­
ing of various compounds untes ted to 
leprosy by mouse foo t pad method . 

Twenty weeks after the transmission of 
the SH-O strain (2.4. x 103 ) to both of the 
hind foot pads of the experimental mice 
( ddY/ F, female), the administration of 
drugs was started and it was continu ed for 
7 weeks. 

The content of drugs in the di et was 
0.005%, corresponding approximately to a 
weekly dose of 60 mg./ kg. Numerous com­
pounds were given by injection (synthetic 
compounds, intramuscularly! 60 mg./ kg.; 
vancomycin and novobiocin, intraveneously 
30 mg./ kg.; the other less toxic antibiotics, 
intramuscul arly 30 mg. / kg.; the more toxie 
antihioti cs,~ intramuscularly 6 mg./kg. once 
a week ). The standards were DDS (0.005% 
in the di et ) in the case of synthetic com­
pounds, and rifampicin (30 mg. / kg. per 
week ) in the case of antibiotics. The 
growth of leprosy bacilli in the untrea ted 
mice could hardly be detected at 24 weeks, 
but it was clearly present at 28 weeks. The 
mice were sacrificed mainly at 28 and 32 
weeks. 

In the following results "complete" 
means complete inhibition; +, partially 
effective; -, ineffective; and "promotive," 
more growth th an in the control. The two 
readings refer to obscrvations at 28 and 32 
weeks, respectively. 

I. Synthetic compounds: DDS (complete, 
+ ) 
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1. Sulfones 

~-:...NH z-C6H I-S02-C6H I-R-4' 

R: COOH (+, +), NHCH zCOOH (+, 
+), OC1H9-n (- , +), NHCOC6 Hwn* 
(complete, complete), NHCOCI6H31* 
(complete, +). 

DEDDS (complete, + ), DDS 2-sulfon a­
mide (-, - ), 

Nir·CH3 

4~Cl-C H -so _II J 64 2,\ / 
s 

2. Sulfonamides 

4-NHz-C6H I-SOz-R 

(complete, -) 

R: 4-NHz-C6H4-NH- (+, +), 4-n-C1H90-
C6H4-NH- (-, +), 4-n-CH90-C6 H.­
NHCHzCHz- (+, +), 3-CF3-C6H I-NH-I 

( promotive, promotive), 
F-O"'::: 

,( -NH- (+, +)(L) , 

N 

3. Thioureas and rhodanides 

4-R-CsH.I-NHCS-R' 

R,R': NHz, 4-NHz-CsH.-NH- (complete, 
- ), i-CsHIlO, CsHsC = C- (complete, 
-); CI, CsH.C = C- (+, -) 

4-AcNH-R-SCN-12 
R: CSH4 (+, +), 3-F-CsH.\ (-, -), 
2-F-CsH4 (- , promotive), 2-F-C6HI* 
(-, - ) 

(complete, -) 

4. Antituberculosis compounds 

INAH (-, - ), Pyrazine thioamide ( -, 
- ), INAH-COCHzNHCSNHz3 (-, -), 
PAS hydrazide (+, - ), a-Phenylmyristic 
acid* (-, -) 

5. Antifungal compounds 

Decanoic hydroxamate* ( - , - ), l,S­
d imethyl-4-ni troso- I-( p-chlorophenyl)­
pyrazol c* ( - . - ) 

6. Phenazine series" 

I-CON H-C6 H I-OC IH9-4-n (+ , -), 2,3-
di-N H24 (complete, - ), I-CH304 (com­
pl ete, - ), 1,9-di-CH30 4 (+ , - ), 1,6-di­
CH30· ( - , - ), 1,7-di-CH30 4 (+ , +), 
1,8-d i-CH a0 4 ( - , - ), 2-C H304 (+, - ), 
2-CH 30, 10-N 0 4 ( - , - ), I-CL4 (-, 
- ) I-CI S-N ~ 0 4 ( - - ) I-CH30 
8-C14 (c~mplete, promo'tive): 2-CHaO: 
7-Cl4 ( - , - ), 2-CH 30, 7-CI, S-N ~ 0 4 

( -, - ), 2-CHaO, 8-CI, S-N ~ 0 4 (+,-) 

II. Antibiotics: 

Rifampicin (almost complete, +) 
Esperin** (+, +) 
Questiomycin A (-, - ) 
Mikamycin A (-, -) 
Mikamycin A + B** (IS: I) (+ , + ) 
Pyridomycin5 (+, -) 
Rufomycin(+ , -) 
G lumamycin (+, -) 
Bottromycin hydrazides '(almost com­

plete, - ) 
o-CarbamyL-d-serine (-, - ) 
o-Carb.-d-serine + Cycloserine (l: 1) 

(-, - ) 
Kanendomycin (- , +) 
Racemomycine-A purified**7 (+, + ) 
Tuberactin (-, +) 
Erythromycin (+, -) 
Leucomycin (+, - ) 
Carbomycin (+ almost complete, - ) 
Amicetin complex ( -, -) 
Bleomycin ** (Promotive, -) 
Vancomycin ( - , -) 
Novobiocin ( - , +0) 
Coumeromycin ( -, - ) 
Pyrrolnitrin ( -, -) 
Lincomycin (-, -) 
Aureothricin** (- , - ) 
Tuberin (+, -) 
Fusidic acid (-, - ) 
Usnic acid (+, - ) 

Gcn erally, sulfones and sulfonamides 
showcd inhibitory effects superior to other 
series of compounds. Especially, the inhibi­
tory effect of mono-C:;HIlCO-DDS and 
DEDDS was found to be more excellent 
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than that of DDS itself. A new-type sul­
fonamide, 5-Auoropyridine-2-sulfonamide 
:and, curiously, a diuretic Saltron, showed 
an inhibitory cffect comparable to DDS. In 
the other series of the synthetic com­
p ounds, 4-acetaminophenyl rhodanide and 
1,7-d imethoxy phenazine showcd an inhibi­
tory effcct. 

Although the dose of thc antibi oti cs was 
lower than that of the synthetic com­
p ounds, none of thc less toxic antib ioti cs 
showcd an effect comparabl e to ri famp icin . 
Only partial inhibition could bc detccted in 
thc casc of the basic water-solublc an tibiot-
1cs. At 28 weeks, Bottromycin hydrazidc, 
Pyridomycin. and macrolidcs showcd an 
in hibitory effect. H owever, at 32 weeks 
their effeet could not b e detected. 

The higher toxic an tibiotics such as Es­
p erin , Mikamycin A+B. and Racemomy­
cin-A showed an inhibition comparatively 
excellent, whereas Bleomycin showed pro­
motive effect. 

The numbered compounds wcrc kindl y suppli cd 
by: (1) Prof. T. Saito of Osaka Ph J rm . College. 
(2) Prof. K. Takatori of University. (3) Prof. H. 
Hisai of Nagoya Muni ci pal Univers itv. (4) Prof. J. 
Yoshioka of Osaka University. (5) Dr. K. Maeda 
of Na tional Institutes of Health . (Ii) Prof. S. Na­
kamura of Hiroshima U niversity. (7) Prof. H . 
Talli ya ma of Nagasaki U niversit y. 

Biggs, J. T., Levy, L., Gordon, G. R , and 
Peters, J. H. Binding of dapsone (DDS) 
and monoacetyl dapsone (MADDS) by 
plasma of animals and man. 

Plasma protein binding and plasma ace­
t ylation-deacetylation of DDS and its prin­
ciple human metabolite, MADDS, have 
been examined in plasma samples from 
human subjects and several animal species 
in an attempt to find an animal model 
which most closely resembles thc human. 
The contribution of protein binding to the 
variation of the plasma half-lives of DDS 
and MADDS among species has been as­
sessed. Peters et al. ( Fed . Proc. 29 ( 1970 ) 
803 ) have shown that human subjects after 
ingestion of DDS, establish a 'vlADDS ;' 
DDS ratio which is constant for the indi­
vidual and consistent with rapid or slow 
acetylation p enotype as determined with 
isoniazid or sulfamethazine. Maintenancc 

of this ratio as \Vell as the virtual absence of 
\1 ADDS from human urin e could b e: th e 
fun cti on of plasma protein b inding. 

An ultrafiltration technic was used to 
compare the degree of plasma protein bind­
ing of the compounds at a concentration 
of 2 fL gm./ cc. in 1 gm. % protein solution at 
25 °C. Thc . percentage of DDS and 
MADDS bound by the various species is 
shown below: 

% % 
D DS :\lADn;.; 

:-;I)('ei e~ BOllnd Hound 

Huma n 41 97 
DOl!; 31 55 
Rat 40 64 
"lollse' 6 61 
Rabbit 46 79 

(slow acet.d ator) 
R a bbit 46 76 

(rapirl acetylalor) 

The half-life of DDS is longest in hu­
mans, 21 hours. , and shortest in rabbits, 1.2 
hours , Gordon et al. ( Proc. \Vest. Phanna­
col. Soc., in press). Under the conditions of 
these experiments, mouse plasma contains 
a MADDS deacetylasc which converts 29 
± 1% of the MAADS to DDS in' 2 hours 
and 49 ± 2% to DDS in 4 hours. Deacety­
lase activity is not exhibited in plasma from 
humans, dogs, rats, and rabbits under these 
conditions. These data indicate that species 
differences in half-life of DDS and 
MADDS are not solely a function of plasma 
protein binding, but are dependent on 
many organ systems in the intact animal. 
The dog, which has a DDS half-life which 
most closely resembles the half-life in man , 
probably is the best model for furth er shldy 
of DDS metabolism. The importance of 
enterohepatic circulation and renal clear­
ance will be assessed using this model. ­
[This investigation was supported in part 
by th e U.S.-Japan Cooperative Medical 
Science Program administered by the Na­
tional Institute of Allergy and Infectious 
Diseases of the National Institutes of 
H ealth, Department of Health, Education 
and Welfare ( Grants R22 AI-07801 and 
R22 AI-08214 ) Bethesda, Maryland 20014] 
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Satake, Y. The bas ic studies on chemother­
apy of pyrazine derivatives for leprosy. 
First report. . 

Previously the author synethsizcd some 
of pyrazinc derivatives, which wcre desig­
nated by the namcs as foll ows: 

(JCONHNH, 
Pyc a zid 

(J CONHNHSO,-o 
PBS-l 

PBS-2 

These compounds were investigatcd 
with a view to assessing their appli cations 
in thc trcatment of leprosy. 

The results of studies on th eir bacteri­
cidal and inhibitory activities against th e 
growth of tubercle bacilli ( I-l:HRv ) were 
shown as follows. 

A diluted solution of PBS-l ( lOy) was 
effective against the growth of H:liRv, 
whereas thi s dosc of Pycazid showcd no 
cffect in v itro. 

PBS-l and PBS-2 werc found to be very 
weakly toxic as follows. 

LD:;o . Pycazid 150.5 mg./ kg. 
PBS-l 1,510.0 mg. / kg. 
PBS-2 1,540.0 mg. / kg. 

The author has accordingly examined 
pharmacologic functions of these com­
pounds and has obtained the following 
results: 

1. No change of respiratory action and 
blood pressure even with a large dose. 

2. No change of action on the blood 
vessel of rabbit ear. 

3. No action of PBS-l or PBS-2 on the 
excised heart of the toad. The heart beat 
became irregular and stayed in systole with 
a dose as large as 20 mg./20 m1. of Pycazid. 

4. Actions on intestine of rabbit: Pycazid 
caused spasmogenic activity in a very small 
dose and decreased the tension of the intes­
tine when used in a large dose. 

5. No hemolytic action with any of thc 
thrcc compounds. 

6. Identification of the metabolitcs of 
PBS-2 could not bc accomplished bccause 
of the minute quantities prescnt. It is high­
ly probab le, however, tha t the major metab-
01 ite has the following chemical structure. 

COCH3 
N I ~ 

( ~ CONNHSOZ U 
N 

From th e results described above, PflS-2 
was considered to be a drug for th e trea t­
mcnt of leprosy and clinical tes ts are being 
carried out. 

Tsutsumi, S., Sakamoto, Y. and Gidoh, S. 
M tabolism of some derivatives of DDS 
masked by several bioactive radicals. 

The und erstand in g of stru cture-action 
relationships .of sulfone chemotherapy of 
leprosy remains a difficult problem. 

In this study, a number of DDS deriva­
tives havc been synth esized of the type 
R-DDS , R-MADDS, R-DDS-R, R-DDS-G, 
and R-DDS-S, in which R was diethylami­
noacetyl ( E) 01' morphol i noacetyl ( M ), G 
the -glucuronide, and S thc N-sulfatc. 
The derivatives are designated D E DDS, 
DMDDS, etc. The glucuronides and sul ­
fates werc hygroscopic, so that th ey could 
be identified only chromatographically. 
3r.S-DEDDS and -DMDDS were prepared, 
and, together with 35S-DADDS and 3 ~'S­
and aI-I-DDS of high sp ecific activity, werc 
used for metabolic studi es. 

The metabolic dispositi on of these com­
pounds was studied in mice and rabbits by 
radio-tracer technics, and their distribu­
tions in mice were followed by whole-body 
a ut o r a di og raph y ( SBARG ). WBARG 
showed that 3H_ and 35S-DDS were uni­
versally distributed-to the ti ssues, organs 
and even to brain-5 hours after an in­
tramuscular injcction . For th e di substi ­
tuted compounds, fecal excretion was prc­
dom inant; therc was less di stributi on into 
the ti ssues whercas accumulation in the 
liver was noted. The decr~ased radioac­
tivity of mouse sections was greatest for 
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DMDDS, intcrmcdiatc for DADDS, and 
least for DEDDS. In the case of DEDDS 
concentration of the radioactivity was 
noted in the region of the eyeballs and in 
an area mainly correspond ing to th e sub­
maxillary and sublingual glands for as long 
as 72 hours after administration. 

The plasma levels of DEDDS and of 
DMDDS in rabbits wcre markcdl y highcr 
than those of DADDS. The main metabolic 
pathway of DE DDS was found to be un­
masking of both amino-groups, whcreas 
that of DMDDS was unmasking of only 
one am ino group. Several N-conjugates of 
DDS could also be detected. An asym ctri­
call y distributed DDS deri vative ( elln toyl 
:\1ADDS ) was found to undergo unmask­
ing of both amino groups by examination 
of urine after oral administration of th e 
compound to rabbits. 

DEDDS was found to inhibit multiplica­
tion of Mycobacteritl1n leprae in the mouse 
foot pad. It is not certain, howevcr, wheth­
er these long-acting compounds act directly 
or only after unmasking of the amino 
groups, especially after oral administration . 
Further studies of these long-acting DDS 
derivatives are in progress. 

Levy, L., Peters, J. H ., Gordon, G. R., Gel­
ber, R., Biggs, J. T., and Tolentino, J. G. 
Dapsone acetyla tion polymorplusm in 
man. 

The genetic polymorphism for isoniazid 
( INH ) acetylation has been long estab­
lished by studies of twins, family pedi­
grees, and population groups. Sulfametha­
zine (SMZ) is another drug for which an 
acetylation polymorphism has been estab­
lished in man. The possibility that dapsone 
(DDS) might also be polymorphically aee­
tylated in man has been recently investi­
gated in our laboratories. 

Employing fluorom etric technics for the 
assay of DDS and monoacetyl dapsone 
(MADDS ), a modified Bratton-Marshall 
assay for SMZ and acetylsulfamethazin e 
(AcSMZ ), and standard Ruorometric tech­
nics for I NH assay, a parallel has been 
found among the acetylation capacities for 
INH, SMZ, and DDS in 20 subjects, 
demonstrating that DDS is acetylated poly­
morphically. In an extension of this study, 

50 Filipino subjects were studied with both 
SMZ and DDS; a good correlation between 
acetylation capacities for the two dru gs was 
noted. 

Additional studies of DDS and MADDS 
disposition in small groups of subjects have 
demonstrated the following: ( 1) MADDS 
is readily de,~cety l ated ; (2 ) plasma clear­
ance rates of both DDS and ]VIADDS arc 
the same regardless of the acetyla tor status 
of th e subject and of which compound is 
ingested; (3 ) only a negligibl e proportion 
of thc dose ( L 1%) is excreted in th e urine 
as MAADS and acid-labile MAnDS during 
the first 24 hours after DDS administration ; 
( 4 ) the proportion of the dose excreted as 
MADDS cannot be used routinely to char­
acterizc individual subjects; (5 ) only the 
plasma concentration ratio of ~rADDS/ 
DDS can be used to cktraetcri zc individ­
uals as "rapid or "slow" acetylators; (6 ) 
the characteristi c ratio is attai ned within 
minutes after ingestion of DDS ; (7 ) this 
measure of acc tylation capacity for DDS 
has been shown to be a reproducible char­
acteristic of the individual. -[This investi­
gation was supported in part by the U.S.­
Japan Cooperative Medical Science Pro­
gram administered by the National Insti­
tute of All ergy and Infectious Diseases of 
the ational Institutes of Health, Depart­
mcnt of Health , Education and \Vclfarc 
(Grants R22 AI-07801 and R22 AI-08214 ), 
Bethesda, Maryland 20014] 

Peters, J. H., Gordon, G. R. , Biggs, J. T. 
and Levy, L. The disposition of dapsone 
and monoacetyldapsone in laboratory 
animals. 

vVe have examined the metabolic dispo­
sition of dapsone ( DDS ) and monoace­
tyldapsone (MADDS) in mice, rats, rab­
bits, dogs, and squirrel and rhesus monkeys 
to assess their potential as models of man 
for studies of these drugs. 
. The number of the different species 
studied, th e dose and route of administra­
tion of DDS, and the mean half-time of 
disappearance (hours ) of DDS from the 
plasma were as follows: 25 mice 
( BALB/ c), 1.0 mg./kg. , ip, 2.6; 15 rats 
(Buffalo ), 1.0 mg.jkg. , ip, 6.0; 12 rabbits (6 
rapid and 6 slow acetylators; Proc. ''''estern 
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Pharmacol. Soc., in press, 1970 ), 1.0 
mg./ kg., iv, 1.2; 11 rabbits (5 rapid and 6 
slow aeetylators ), 100 mg. / kg., iv, 1.9; 2 
dogs, 1.0 mg./kg., ip, 14.5; 6 squirrel mon­
keys, 1.0 mg. / kg., iv, 5.8; and 6 rh esus 
monkeys, 1.0 mg. / kg., iv, 1.8. Similarly, 
results obtained after MADDS administra­
tion were as follows: 25 mice, 1.2 mg./kg., 
ip, no MADDS detected; 15 rats, 1.2 
mg. / kg., ip, 4.3; 14 rabbits (6 rapid and 8 
slow acetylators) , 1.2 mg. / kg., iv, 1.5; 2 
dogs, 1.0 mg./ kg., ip, 6.8; 6 squirrel mon­
keys, 1.2 mg. / kg. , iv, 4.1; and 6 rhesus 
monkeys, 1.2 mg. / kg. , iv, 4.2. These half­
times of disappearance differ markedly 
from th e values of 20 to 21 hours for both 
compounds found in rapid and slow acety­
lator human subjects. 

Results of measurements of DDS and 
MADDS in the plasma of these animals 
receiving either DDS or MADDS indicated 

the foll owing: rats, rabbits (depending on 
phenotype ), and squ irrel and rhcsus mon­
keys acetylated DDS to MADDS exten­
sively; dogs and mice did not acetylate 
DDS to MADDS; mice and squ irrel mon­
keys deacctylated MADDS extensively; 
and rats, rabbits, dogs and rhcsus monkeys 
deaectylated ~rfADDS to DDS only to a 
limited extent. Man shows differcnt capaci­
ties for acetylation of DDS to MADDS 
depending on phenotype; both phenotypes 
deacetylate MADDS to DDS extensively.­
[This inves tiga ti on was supported in part 
by the U.S.-Japan Medical Science Pro­
gram administered by the National Insti­
tute of All ergy and Infecti ous Diseases of 
the National Institutes of Health, Depart­
ment of Health, Education and W'elfarc 
(Grants R22 AI-08214 and R22 AI-07801 ), 
Bethcsda, :\1aryland 20014] 
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