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s ion tes t. One of these a ntigens is a heat
s ta ble poly saccharide , a nd the other is a 
hea t-labile prote in which give a s ingl e pre
cipitation line with a'nti-N E serum ab
sorbed with human serum . Inasmuch as 

thi s a ntigen is highly s pec ific for M. lepro e, 
serologica l ide ntifica tion of M. lepra e by 
the tec hnic of immunofluorescence should 
become practicable with a nti se rum pre
pared aga in s t the a ntigen. 
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Progress in the last decade now allows 
the same topics to be s tudied in leprosy as 
in other bacterial di seases. They are: 

I . Screening of new dru gs, a nd determi
nation of minimal effective dosage 
(ME D). 

2. Characterization of a ntileprosy drug 
activity: bactericidal , bacterios tatic, 
or bacteriopausal (prolonged bac
terios tasis). 

3. Method s of measurement of drug in 
blood a nd ti ssue , determination of 
minim a l inhibitory concentration 
(M I C) , and pha rmacokinetics includ
ing repository effect. 

4. Drug toxicity in rel ation to M I C. 
5. Metaboli s m of the drug. 
6. Short-term clinical trial s to determine 

whether a given drug is also active in 
ma n. 

7. Long-term clinical trial s to determine 
whether a drug's activity continues to 
the point of smear-negativity . 

8 . Very long-term follow-up to see if 
s mear- negativity is ma inta ined or if 
drug-resistant M. leprae eventually 
emerge. 

These s teps should be followed in the 
development of a ntileprosy drugs . Pa tients 
s hould not be deprived of s ta nd a rd dapsone 
(DDS) thera py in order to test compound s 
that have not been tes ted against M. leprae 
in a nima ls or compounds th a t appear on the 
basis of result s in a nima ls to be c learly less 
efficacious than stand ard thera py. 

DRUG SCREENING AND 
CHARACTERIZA TION OF 

ANTI LEPROSY ACTION 

Experimental model. I n the absence of 
s ignificant growth of M. leprae in vitro, all 
work must be done in animals. Most re
search has been done in the mouse model. 
This infection is very consistent. Geneti
cally uniform mice are readily avai lable and 
easily mainta ined in s tandard conditions. 
Hence , the mou se continues to be the ani
mal of choice. Other animals may be useful 
when particular findings mu st be checked 
in another species. For studies requiring 
larger popula tion s of M. leprae, the thy
mectomized-irradi ated mou se, the neona
tally-thymectomized rat and the a rmadillo 
may provide suita ble a nimal models . 

Methods of study. The continuous method 
of drug administration (from the day of in
fection to the end of the experiment) re
veals whether a drug is ac tive against M. 
leprae. The kinetic method (administration 
of drug during a limited period , beginning 
early in the loga rithmic phase of growth of 
bac illi) , determine s whether a drug pro
duces bactericidal, bacteriostatic or bac
teriopau sal effects . Administration of drugs 
in graded dosages allows the MED and 
M I C to be de termined . 

Results of drug screening and characteri
zation. With these method s, more than 200 
drugs have been te sted. Only a few have 
exhibited bactericida l (or bacteriopausal) 
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acti vit y a nd these few a ppear to inc lude 
mos t of the drugs of real promi se in le p
rosy. These drugs inc lude : 

I. 0 OS (4 ,4' -diaminodipheny lsulfone) 
and o ther sulfones giving ri se to DDS 
in the gut or in ti ssues. 

2. Rifampic in . The re lated a ntibi oti c 
streptovaric in is di s tinc tl y less activ e. 

3 . C lofaz imine (8663) a nd another phe n
az ine dye, 8191 2. 

4 . Long-ac ting sulfo na mides. These 
compound s a ppear to have MI C's 
c lose to tox ic blood levels in ma n. 

5. E thionamide. In the dosage appar
e ntly required for ma n, gas trointes ti
na l di stress is freque nt. 

M IC 0/ DDS . Thi s was found to be 0 .0 I 
to 0 .001 ,ug/ml (mic rogram/ml) in the 
mou se, corres po nding approximate ly to a n 
ora l dosage of I mg a day in ma n. Thi s find 
ing in mi ce led to the introduc tio n of trea t
me nt w ith aceda psone ( O A 0 OS), whic h 
re leases DDS a t a s tead y rate of 2.5 mg 
da il y, fo llo wing injec ti ons of 225 mg every 
75 days. The the ra pe utic efficacy o f thi s 
regime n, and tha t of I mg ora l 0 OS give n 
da il y, confirmed these predictions. It needs 
to be e mphas ized tha t thi s stud y o f I mg 
D OS dail y was carri ed out to compare the 
M I C of 0 OS in mouse a nd ma n, a nd not to 
evalua te, or e ncourage ve ry low dose 0 OS 
therapy as a practical the ra pe utic regime n. 

Ba ctericidal effect 0/ r(/amp icin . The 
curves of bl ood concentra tion in the mouse 
and in ma n a re very simil ar , and studies of 
the anti -M. leprae effect of pe r kil o dosages 
in mice ha ve been predic ti ve of the result s 
in ma n. With the kine tic method in mi ce, 
rifampic in was fou nd to produce as muc h 
bacteric id a l effect in a fe w days as 0 DS in 
a few months . Bacteri c ida l rates for these 
two drugs in man appear to be the same as 
in the mouse. 

Clo/ azimine. Studies of the M I C of 
c lofaz imine have not been prac tical be
cause the drug is very unevenl y di stributed 
in the tiss ues; thu s, blood and ti ss ue levels 
may no t acc ura te ly re fl ect the concentra
ti on of drug in the immedia te env ironme nt 
of the orga ni sm . 

Demonstration (~/ drllg- res i ~ t a nt M . lep
ra e. T he mouse prov id es the onl y method 
of prov ing drug res is ta nce. 0 OS-resista nt 
M. leprae have bee n d emo nstrated in mi ce 
from some patie nts w ho have re lapsed on 

prolonged 0 OS the ra py. 8 y cont ras t , 
o OS-se ns iti ve o rga ni sms have bee n iso
lated fro m re la psed pa tie nt s who have, in 
fact , sto pped taking the drug. S tudies have 
sho wn tha t 1% to 10% of sul fo ne- trea ted 
pa ti ent s eventua ll y und ergo re lapse caused 
by DDS-resista nt M . leprae. Combina tions 
of anti leprosy drugs a ppear to offe r the 
mos t pro mi se for the prevention of these 
re la pses. Thia mbulos ine- a nd thi ace ta
zone- res ista nt M . leprae have been isola ted 
from pa ti ent s w ho have . re lapsed aft er 
the rapy with these drugs. 

PHARMACOKINETICS AND 
METABOLISM OF DRUGS 

Compara ti ve studies of the pharmacol
ogy of drugs in the mou se and ma n a re 
necessary for und erstanding the ir a ntil ep
rosy acti ons. 

DDS. In ma n the re are grea t indi vidu al 
differe nces in the ra te of DDS e limina ti o n. 
T he ha lf-life (TV2) of the drug varies fro m 5 
to 50 hours. Among pa tie nt s with re la pses 
caused by 0 OS-resista nt M . leprae, the re 
is a significant excess of pe rso ns with ve ry 
short drug ha lf-lives. S ince it is no t possibl e 
to dete rmine the TV2 of a ll pa ti e nts, regi
me ns need to be des igned so tha t they will 
ta ke care of pa ti ents with shorter TV2. Fifty 
milligrams D OS da il y would ensure con
tinu ous blood levels we ll ·in excess of the 
M I C, whereas 350 mg o nce wee kl y (the 
sa me to ta l d osage) would no t. For thi s 
reason, it is in suffic ie nt to describe dosage 
mere ly in te rm s o f the to ta l weekl y inta ke. 

T he o nl y metabolite of 0 OS fo und in 
huma n blood is monoacetylated DDS 
(M A DDS). Huma ns have been found to be 
ge netica ll y po lymo rphi c in the ir acetyla ti on 
ca pac iti es, resulting in ra pid a nd slow 
ace tyla tors. Rapid ace tyla tors have highe r 
rati os of M A D OS/ 0 OS in the ir pl asma, 
but do not e limina te 0 OS more ra pidl y, so 
a priori one would not ex pect the ace tyla tor 
sta tu s to affec t the respo nse of le pros y pa
ti ent s to 0 OS. N everthe less, some studies, 
but no t o thers , have suggested an excess of 
ra pid ace tylato rs a mo ng pa tie nt s with re
lapses ca used by 0 OS-resista nt M . leprae. 

Rifampicin. Pharmacokine tic studi es of 
rifa mpic in are com pli cc,l ted because the 
ha lf- life of rifampic in va ries with drug con
ce ntra ti on a nd beca use b lood levels te nd to 
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dec rease afte r the pa ti e nt has been rece iv
ing the drug for several weeks. 

Clofazimine. S imila r studies with c lo
faz imine have no t bee n possible because 
the drug is acc umula ted in the ti ssues . 

TRIALS IN MAN 

Background. Applica tio n of experime ntal 
c he mothera pe utic findings to ma n has bee n 
inadequately und erstood . For a bette r un
derstanding, the bac teria l po pul a tio ns in 
human le prosy have to be consid ered 
Crab le I), A le proma to us pa tie nt with a 
Bacteria l Ind ex (BI ) of 4 + (Ridl ey) and a 
Morpho logica l Index (M I) of 10% , may be 
es timated to have 1011 M. leprae in hi s 
bod y, of whic h 10 10 are v iab le. For exa m
pl e in line 3 of the tabl e , afte r one to three 
mo nths of 0 OS trea tme nt , th e M I is less 
tha n 1% , so tha t the number of v iabl e M . 
lepra e is less tha n 10!1. If mouse inocula ti on 
is negati ve, the number of v iable organi sms 
is less tha n a hundredth of it s orig ina l valu e 
a nd may be estima ted to be less tha n lOB. 
With eac h decrease of the B I by o ne unit , 
the correspo nding numbers of bac illi fall to 
a te nth of the preceeding va lu e (decrease by 
o ne ex po ne nt). Whe n the B I is less tha n 
2 + , measureme nt of th e M I or inoculation 
of mice with s ta nd ard numbers of bac illi is 
not possibl e, so tha t measureme nt of the 
propo rti on of v iable bac illi is imposs ible. 
Conseque ntl y it is not technica ll y poss ible 
with prese nt procedures to estimate the 
numbe r of viable M . leprae prese nt in the 
bod y a t a ny number less tha n 10i . T hese 
consid era ti ons a llow o ne to und ers ta nd 
how there can be ma ny v iable bac illi pres
e nt in the bod y if treatme nt is sto pped aft e r 
the M I has reached base line values a nd in
fecti v it y fo r mice ca n no longer be demon
strated . T o ex pl ain re lapse in a pa tie nt , it is 
c lea rl y not necessary to assume tha t no n
solid baci lli have become viabl e. Simil arl y, 
in a pa tie nt with nega ti ve smears, it is no t 
necessary to assume tha t no n-ac id-fast v ia
ble form s of M . leprae ex ist , since there 
could be as ma ny as 106 typical, viable but 
undetected M . leprae present in the bod y. 
The surv ival of liv ing M. leprae during 
trea tme nt appears to occur by two 
mec ha ni sms. One, whic h is not unu sual 
with other drug-bacteri a combinatio ns, is 
the surviva l of a sma ll frac tion of drug
sensitive bacilli in the continued presence 
of the drug. Such bacilli do not multipl y, 

and since they are dorma nt o r metabo lica ll y 
inact ive, they re ma in re la ti ve ly in se ns iti ve 
to the drug, until they resume no rmal 
metaboli sm. Moreover, the locatio n of the 
bac illi in the ti ss ues may be importa nt , and 
some believe the loca tio n of M . leprae in 
nerve or mu sc le favors the ir surv iva l. Be
cause of the la rge num bers o f bac illi pres
ent , fac tors affec ting eve n a very small frac
ti on of the po pul ati o n of M . leprae become 
impo rta nt. 

The second, unre lated , mec ha ni sm of 
surviva l of M . leprae is drug-res ista nce . A 
small frac ti o n of bac illi is ge ne tica ll y insen
siti ve to the drug a nd ca n mUltipl y in it s 
presence. Aga in . beca use la rge num bers of 
bac illi a re prese nt in le pro matous le prosy , a 
sma ll res istant fracti on may constitute a 
large absolute number of bac illi . 

Clinical trials. I n the treatme nt of le p
rosy, di st inct diffe re nces ex ist be twee n (a) 
the ra te of loss of viabilit y a nd (b) the ra te 
of di sappeara nce of ac id-fas t bac illi . Nearl y 
a ll drugs tha t have bee n tri ed in leprosy 
were se lected on the bas is of their abilit y to 
carry o ut process (a}, a nd suc h drugs do not 
affect process (b). During early treatme nt , 
(a) is muc h faste r tha n (b). 

Except for special studies in re lapsed pa
ti e nts, a ll tri als sho uld be carried out in 
prev iously untrea ted le pro ma tou s pa tie nts . 

S hort-term tria ls. These are carri ed out 
to confirm in ma n labo ra tory results of the 
anti-M. leprae effec t of a drug. Two crite ria 
may be applied : 

I . Measureme nt s of the Ml. These pro
v id e immedia te result s, but a re diffi
c ult to sta nd ardi ze be tween labora · 
tories, and are tec hnicall y dema nding. 

2. Mouse inoc ula ti ons. The y provide 
firm ev ide nce of bacteri al viabilit y, 
a re more sensiti ve tha n measure ments 
of the M I, but they require greater in
ves tme nt of personnel and fac ilities, 
a nd result s a re availabl e muc h later. 
Mouse inoc ulatio ns may show more 
rapid bacteric idal effect tha n do M I 
measure ments, probabl y because 
c ha nges in bac te ri a l morphology may 
lag by perha ps two wee ks be hind loss 
of ability to multipl y, a differe nce pa r
tic ula rl y ev id ent with rifampic in. 

Short-te rm tri als may now be limited to a 
period of six mo nths, or even muc h less, 
de pending upon the regime n. The B I 
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changes littl e in thi s period and is therefore 
of no va lu e in suc h tria ls. 

Long-term trials (' Iil1e-yea r trials" ). 
These are carried o ut to determine whether 
a drug ' s act ivity continues until smear 
negativity and clinical a nd hi stologica l 
quiescence are reac hed . Not ma ny pa tient s 
o n sta nd ard 0 OS treatme nt reach thi s 
stage within five years . For practical 
reasons, these trials usua ll y need to involve 
commitme nts by appro pria te organi zation s 
to e nsure long-term continuity. Mouse in
oculations are particularly he lpful when 
treat me nt fa ilure is suspected, in which 
case tests of drug-sensitivity prov ide cru
cial information. Measurements of the MI , 
if they can be performed reliab ly, may pro
v ide the first indication of treatme nt failure. 

Very-long-term studies. Because of the 
very long generation time of M. leprae , a 
complete picture of the therapeutic efficacy 
of a drug cannot be obtained unless patients 
a re followed for very long periods, perhaps 
fo r the rest of their lives . T herefore leprosy 
services that successfully practice ve ry
lo ng-term follow-up of lepromatous pa
tie nts can provide invalu ab le information 
o n the fi nal efficacy of a regime n. As 
pointed out , smear-negativi ty does not sig-

nify that the patient is free of baci lli , but 
rather that the number of baci lli in the body 
is less than 10 7 • T he minimal number of 
viable M. leprae needed to cause a relapse 
in a lepromatous patient may be very small , 
since suc h a patient would not be ex pected 
to possess immunity aga ins t M. leprae. 
Therefore, treatment may need to be con
tinued indefinite ly. I n these studies , it wi ll 
be ess'e ntia l to determine whether relapse is 
caused by drug-sensitive or drug-res istant 
M. leprae . Experie nce w ith sulfone therapy 
has shown that suc h relapses may occur 5 
to more tha n 20 years after the comme nce
ment of treatment. 

CONCLUSION 

T he application of the mouse model has 
at last pl aced the chemotherapy of leprosy 
on an objective bacteriological and phar
macological basis. It has provided sensitive 
procedures for the assessment of new 
drugs , the re sponse to treatment , and the 
detection of drug-resistance. It has al so led 
to c larification of the theoretical basis of 
long-term and very-long-term clinical trials. 
T hese are difficult and expensive to carry 
out , but without them the fi nal value of a 
regime n cannot be determi ned . 

Table 1. Estimated Il umber of M. leprae in typical lepromatous patients at I'arioll s 
times during response to regular D DS therapy. 

F IN DI NG S IN TE R P RET A TION 

Mou~t T o tal V idble 

BI MI moc . M.leprae M. leprae 

1. Untreated 4+ 10% Pos 101 1 10 10 
2. Dapso ne 1-3 mo 4+ 1% N.D. " 1011 109 

3. 1-3 mo 4-f < 1% N . D . 101 1 < 109 <1 

4. 1-3 mo 4+ < 1% (Po r 1011 108 

5 . 1-3 mo 4+ < 1% N eg 1011 < 108 

6. ca I yr 3+ < 1% N .D. 10 10 < 108 

7. ca. I yr 3 -+ < 1% Neg 10 10 < 107 

8. ca . 2 yr 2+ < 1% N eg 109 < 107 

9. ca. 2 yr 2+ < 1% Neg 109 < 106 

10. ca. 3 yr 1+ N.P. N.P.f 108 < IOH 
11. ca . 5 yr 0 N.P. N.P. ,;;; 107 < 106 g 

12 . Required for cure 0 
a When carried out accordi ng to the specifications described fo r " solid ra ti os" so that the proportion of 

" solid " baci lli is the same a s the proportion of bacilli infectiv e for mice . 
b Whe n I x 103 to I x 10· bacilli are ino.: ulated . 
c Not done. 
d For example , < 10" means that the nuinber may lie between 0 and 108 (i nc lu sive). 
< Weakl y positive (long inc ubation period a nd irregular result s in mice), indicating that tlie number of viable M . 

/eprae is near the limit of detectability. 
f Not possible. 
g Since it is not possible to determine the M I with a BI of less than 2+ , the estimate of viable M. /epra e is based 

on the supposition that no t more than 10% of the total are viable. This does not imply an increased number of 
viable M . /eprae. 


