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The principle of sequential blockade or 
seq\lentialinhibition through the combined 
action of two inhibitors on the same meta­
boli c sequence was first proposed by Potter 
(42) in the fi eld of cancer chemotherapy. 
Substantiation of the concept (2.3 . ~7) 
provided the basis of elegant work by 
Hitchings and co-workers (24) for the syn­
thesis of a number of antifolate drugs 
which proved effi cacious in the therapy of 
plasmodial (2;;. 50), toxoplasmal (18. 19) 
and coccidial (30) in fections. It was note­
worthy that 4:4'-diaminodiphenyl sulfone 
( DDS ) when combined with pyrimetham­
ine was claimed effective in the treatment 
of human malaria caused by Plasmodium 
vivax and P. falciparum (3). A combina­
tion of the long -acting sulfonamide, sul­
fal ene, and the 2:4-diaminopyrimicline de­
rivative, trimethoprim , have recently been 
found markedly effi cacious against estab­
lished infections with multiresistant strains 
of P. falciparum (51) . While against such 
strains DDS was found to be somewhat 
slower in action , it was, however, demon­
strated to have powerful action in the che­
moprophylaxis of drug resistant malarias 
(27.28). Likewise, DFD, the diformyl de­
rivative of DDS, is an active antimalarial 
( 12 ) and has been found to block the 
multiplication of Mycobacterium leprae in 
the mouse foot pad (116). 
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Sequential blockade results in potentia­
tive synergism of drug ac tion, in contrast to 
additive synergism, in that vcry much low­
er conccntrations of drugs in combination, 
than predicted from additivc doses, are 
e ffective in suppress ing infection. Further­
more, the frequency of the emergence of 
drug resistant organisms is greatly reduced 
over that found in monotherapy regimens. 
The sequential blockade of the de novo 
fol ate pathway is brought about by struc­
tural analogs of biosynthetic intermediates 
which, in general, reversibly bind to en­
zyme active sites resulting in inhibi tion of 
two adjacent en zymes ( i ) the p-aminoben­
zoate ( PABA ) utilizing enzyme and (ii ) 
the TPNH-linked dihydrofolate reductase. 
Enzyme ( i ) has never been adequately 
purified, is present only in the parasite and 
is inhibited by sulfon amides and presuma­
bly sulfon es, whereas enzyme ( ii ) has been 
extensively studied and is present in both 
paras ite and mam mali an host. Enzyme ( ii ) 
is effectively inhibited by c1iaminopyrimid­
ines, diaminotriazines, diaminopteridines, 
daminoquinazolines and diaminopyridopy­
rimidines, all of which are analogs of the 
pteridine portion of the folate structure. 
The exquisite type of molecular selectivity 
required for drug inhibition of enzyme ( ii ) 
is due to marked differences in active site 
binding between parasite and host. Trime­
thoprim , for exampl e, is bound 50,000 times 
more strongly by dihydrofolate reduetases 
from some bacteria than by reductases 
from mammalian tissues ( 10). Further­
more, the small molecular weight fol ate 
analogs possess the important property of 
being able to rapidly penetrate the parasite 
by passive diffusion (59) while complete 
folate structural analogs, such as amethop­
terin or homofolic acid (J4) are unable to 
readily penetrate unless extremely high ex­
ternal concentrations are present. 
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It is neccssary to point out, however, that 
the full potential for stru ctural analog inhi ­
bition of the de novo folate pathway of the 
parasite has yet to be attained. It is predic­
table that the future will see the emergence 
of structural analogs selectively blocking 
the formation of folate pteridine precursors 
as well as the formation of dihydropteroic 
acid (7), the immediate precursor of dihy­
drofolie acid. The significance of difFeren­
tial active site binding to folate enzymes in 
mammalian tissues is the basis of mu ch 
investiga tion to synthesize effective antitu­
mor agents (2. G. 7). In the case of pa­
thogenic organisms, it is possible to visual­
ize a series of three or fom struetmal ana­
logs functionin g in multisequential block­
ade of the de novo folate pathway found 
only in the parasite. The antifolate inhibi­
tion of the pathogen thus offe rs greater 
potential than the tumor cell which requires 
a preformed source of folate vitamins and 
thus has less metabolic steps available for 
structural analog inhibition. 

The sequential blockade of the mycobac­
terial de novo pathway is potentially ex­
plOitable in the chemotherapy of human 
leprosy provided an active inhibitor of 
dihydrofolate reductase can be found for 
the leprosy bacillus. The .first experimental 
chemotherapeutic attempt to sequentially 
blockade the mycobacterial pathway was 
made by Shepard (56) who found that 
trimethoprim did not potentiate DDS ac­
ti,;ity against the multiplication of M. le­
pme in the mouse foot pad. Trimethoprim 
itself, was, in fact, without activity against 
M. Teprae. This observation has been subse­
quently confirmed by Hilson and coworkers 
(22) . 

Experimental chemotherapy involving in 
. vitro mycobacteriologic data. The avail­
abilitv of high level sulfone resistant mu­
tants isolated from Mycobacterium sp. 607 
( ~:{) has led to a collaborative research 
program betwccn laboratories from the 
Stanford Research Institute, the U .S. Public 
Health Service Hospital in San Francisco 
and thc Leonard Wood Memorial at Johns 
Hopkins University. The sulfone resistant 
mutants were derived by multi-ste p 
procedures in liquid medium followed by 
single colony isolation. The mutants thus 
have a role in determining the mode of 

action of DDS and in combination with the 
mouse foot p ad M. leprae screen are being 
lIsed to determine structme-activity rela­
tionships among the sulfones, furthermore , 
they are being used to search for e ffective 
inhibitors of the dihydrofolate reductase 
si te. 

Mode of action of DDS. It was initially 
found that. with the emergence of DDS 
resistance cross resistance to the sulfona­
mides, pa rticularly the lon g-actin g sulfona­
mides, was present (36). A feature of the 
cross resistance was a remarkabl e increase 
in the minimal inhibitory concentration 
( MIC ) of the sulfonamide required to in ­
hibit the sulfone resistant organism. The in­
crease was many times that of DDS re­
quired for comparable inhibition (Table 
1). It was noteworthy tha t cross resistance 
was absent to inhibitors of dihydrofolate 
reductase, such as, trilll ethoprim, pyrimo­
thamine or aminopterin thus indicating a 
different gene locus for synthesis of the 
enzymes concerned with the two sites of 
antifoJate sequential blockade . The .finding 
of sulfonamide cross resistance was in 
agreement with the data derived by Rees 
(45) hom mouse foot pad experiments 
which showed that sulfone resistant M. 
Teprae exhibited cross resistance to sul­
form ethoxine and sulfadimethoxine. \Vith 

T A BLE 1. Drug cross-resistance to DDS 
res1:stance in Xfycobactcrium p . 607 

Dru/!: 

D])S 
Sulfalene 
Sulfacl imetho:-..;ne 
Sulphormethoxine 
.S ulfamcthoxy-

p~Tic\azine 
Trimethoprim 
Pyrimethamine 
Aminopterin 
Rifampi cin 
B.663 

I 
I 

I 

I 

.11 ycobacterium 
sp. 607 MI C 

(mJ..lmoles/ ml.) 

I 

Sen:-:i- Re-
tive sistant 

8 .1 3225 
3.6 12143 
6.5 5850 
6 .9 8280 I 
7.1 10650 

3-+ 172 
101 403 
742 1483 

1. 1 1.1 
6.3 6.3 I 

I I 

400 
3373 
900 

1200 

1500 
5 
-+ 

o 
o 
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respect to the chemotherapy of human lep­
rosy two facts are apparent; (a) the long­
acting sulfonamides are of no value in the 
treatment of sulfone resistant leprosy as has 
been recently demonstrated (21) and (b) 
DDS will prove of no value in the treat­
ment of resistance emerging to the clinical 
use of long-acting sulfonamides. The last 
point has been investigated using sulfalene 
resistant mutants of Mycobacterium sp. 607 
which were found to fully cross resist to 
DDS. 

The second major finding was concerned 
with reversal studies of DDS inhibition of 
sulfone sensitive and resistant 607 mutants. 
It was found (:14) that two structural com­
ponents of the folate molecule, namely, 
p-aminobenzoic ac id or p-aminoben­
zoylglutamic acid (PABG) would reverse 
the growth inhibition when simultaneously 
added along with DDS. Kin etic analyses of 
growth rates revealed that reversal was 
strictly competitive with respect to concen­
tration relationships of PABA and PABG 
with DDS. This findin g was made possible 
by the use of dispersed growth in liquid 
medium and supports previous data that 
PABA antagonized DDS inhibition of my­
cobacterial growth (15.37.40 , 58). The re­
versal by PABG was found to take place 
without prior formation of PABA since cell 
free extracts from the 607 organism were 
unable to hydrolytically split out L­
glutamic acid and thus form PABA from 
the compound. It was of particular interes t 
to learn that PABA was re-investigated by 
Shepard (53, 55) and found to partially 
reverse growth inhibition of DDS against 
M. Zeprae in the mouse foot pad. 

The sulfonamide cross resistance and the 
PABA and PABG competitive reversals 
thus build a strong case of prima facie 
evidence for the hypothesis that the mode 
of action of DDS against mycobacteria, 
and, in particular M. Zeprae, is that of an 
antifolate mechanism through inhibition of 
the p-aminobenzoate utilizing enzyme of 
the de novo fol ate pathway. The fact that 
M. Zeprae is inhibited in the mouse foot 
pad by DDS, sulformethoxine, sulfa dime­
thoxine ( ~ 5) or sulfamethoxypyridazine 
(39) provides cogent evidence that the de 
novo folate synthesizing pathway operates 
in M. leprae and from the cultivation point 

of view, the organism will not require pre­
formed folates of host cell origin in order to 
carry out cell division. Conversely it can be 
stated that if M. Zeprae had growth factor 
requirements for preformed folates then no 
inhibition of multiplication in the mouse 
foot pad or the human host would occur 
with DDS, sulformethoxine, sulfadimethox­
ine or sulfamethoxypyridazin e. 

In many respects DDS is a unique mol­
ecule for although it is , like the sulfona­
mides, a structural analog of PABA, it is 
excluded from the sulfonamide theory of 
bac teriostas is proposed by Bell and Roblin 
( 4 ) , since the molecule does not dissociate 
under physiologic conditions and hence the 
relative electronegativity of the sulfone 
group remains uninfluenccd by dissociation 
effects. Clearly since the electronic charge 
on the sulfone group is unable to change 
without dissociation taking place, the mol­
ecule penetrates the mycobacterial cell and 
binds to the act ive enzyme site indepen­
dently of such phenomcna used to theore­
tize sulfonamiee mechanism of action. 

For many years a suspicion has been 
entertained that DDS interacts physi­
cochemically with biologic membranes in a 
manner as yet not fully understood. Effects 
ari sing from mcmbranc interactions J'E'quire 
higher concentrations th"n those req uired 
for antifolate enzyme inhibition and are 
generally not rcversed by PABA. Biologic 
effects arising from DDS interact ion with 
membranes includes the hemolysis of ery­
throcytes particularly evident in G6PD 
deficient individuals ( ~ 3) and the activa­
tion of hydrolytic cnzymes found within 
the lysosome which likewise possesses an 
extremely reactive membrane (38. H) . It 
may also be suspected that DDS undergoes 
interaction with bacterial membranes the 
exact nature of which requires elucidation. 

Interaction with membranes requires 
that DDS possess a high degree of liposolu­
bility. In support of this fact a recent 
determination ( 35) of the partition co­
effi cient of DDS has indicated that the 
compound is 95 per cent liposoluble when 
partitioned between ethylene dichloride 
and water. Clearly the neutral state of the 
molecule coupled with a high degree of 
liposolubility are prerequisites necessary 
for membrane interaction. 
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TABLE 2. E.D·ect of DDS arm:no end group replacement on antimycocacterial activity 

I 
Mycobacterium sp. 607 
MIC (mJ.Lmoles / ml.) M. leprae 

I Mouse 
foot pad i Sulfone Sensit ive Resistant I /'::,. assay' 

4: 4' -diaminodiphenyl sulfone 8. 1 .3240 400 I + 
4-aminodiphenyl sulfone ] 288 » 2576b » 2 -
4 amino-4'-hydroxydiphenyl sulfone 12 2008 167 + 
4:4'-dihvdroxydiphenyl sulfone 400 200) ~ (?) 

I 

• Sulfones a t a dietary concentrat ion of 0.0 1 ve (w / w) efJ uilllola r wi th DDS. 
b Soluhility limi t . 

It is predictable that DDS interaction 
wi th lysosomal membranes results in per­
meability changes and the subsequent con­
centration of DDS within the organelle. 
Concentration of drugs such as chloroquine 
or quinine into the lysosome have been 
observed (1) . Thus through discharge of 
lysosomal contents into the phagosome a 
localized concentration gradient of DDS is 
avai lable to exert antifolate effects upon 
phagocyted mycobacteria. Certainly pro­
ponents (5. 38, H) of the theory that DDS 
exerts its anti leprosy action solely through 
the hum an host by activation of lysosomal 
enzymes have failed to take into account 
the possibility of drug-membrane interac­
tion resulting in drug conccntration by this 
remarkable organelle. 

Sulfone structure-activity data. A grea t 
amount of data on the antituberculosis 
structure-activity of sulfones is in existence 
(16). The in formation was derived from 
two types of screening programs, an in 
vitro screen with M. tuberculosis H37Rv in 
liquid medium and ( b ) an in v ivo guinea­
pig screen (60. 61) . In proposing to screen 
for antileprosy structure-activity it is not 
possible to utilize an in vii'l'O M. lep1'Oe 
screen, however, the mouse foot pad assay 
of Shepard (52) offers an animal screening 
model. It was dccided, however, to use the. 
Mycobacterium sp. 607 sulfone sensitive 
and resistant mutants as a basis for ';n VitTO 

screening. The decision was fortunate in 
that it is now apparent that a considerablc 
degree of correlation exists in structure­
activity data obtained from the two screen­
ing systems. 

Initially the ques tion was asked as to 
how important to activity was the second 
amino group in DDS since it was apparent 
that PABA analogicity was still present in 
the structure with only one amino group. 
The data (Table 2) showed that the sec­
ond amino group was indeed essential to 
block multiplication of M. leprae and exert 
maximal activity against Mycobacterium 
sp. 607. The data was thus consistent with 
that obtained from M. tuberculosis H37Rv 
and M. lepraemurium as to the essential 
requirements for two amino groups (16.­
RG). Further investigation led to the hy­
pothesis that the sccond amino group in 
DDS played an essential binding role, pos­
sibly through H bonding, and that the 
binding role was essentially different to 
that of the fir st amino group which was 
involved directly in antifolate active site 
binding ( 13). 

It was further reasoned that other groups 
capable of H bonding, such as -OH, could 

. thus replace at least one of the essential 
amino groups without significant loss of 
activity. However, while one amino group 
was open to replacement, because of differ­
ential binding specificity, it appeared un­
likely that both amino groups could be 
replaced with -OH groups and still retain 
essential antifolate activity in the molecule. 
The results (Table 2) were consistent with 
this argument. It can be seen that 4:4-dihy­
droxydiphenyl sulfone showed no cross 
resistance with DDS indicating an inability 
to act through an anti folate mechanism. It 
was noteworthy that 4-amino-4' -hydroxydi­
phenyl sulfone showed cross resistance with 
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DDS an d was more ac tive than DDS in 
inhibiting the growth of DDS resistant 607 
organisms while likewise re taining full in 
vivo activity against M. Zeprae. The in vivo 
antileprosy activity was thus consistent with 
antituberculosis activity found in guinea­
pig and mouse experimental infections (10). 
Since 4:4'-clihydroxydiphenyl sulfone has 
been claimed effective against human lep ­
rosy (ll) it now becomes important to de­
termine whether similar activity can be 
foun9 against M. leprae in the mouse foot 
pad assay in view of the lack of in vitro 
antifolate activity of the sulfone. 

The concept of the importance of a sec­
ond H bonding group on the sulfone mole­
cule needs extending to the sulfonamide 
series of drugs. It has not been possible to 
demonstrate that the long-acting sulfona­
mides, sulformethoxine and sulfadimethox­
ine are in any way as cffi cacious as DDS 
against M. Zeprae in the mouse foot pad 
despite data showing adequate absorption 
and blood level maintenance (47). Inser­
tion of H bonding groups onto the hetero­
cylic ring of the sulfonamide may thus 
increase drug effi ciency. Similarly, the pos­
sibility exists that insertion of further H 
bonding groups onto the DDS structure 
could result in a more efficacious drug. 

Second sequential inhibition site. The 
TPNH-linked dihydrofolate reductase en­
zyme represents the second inhibition site 
of the de novo mycobacterial folate path­
way (7). 

Dihydrofolate + TPNH + H + = 
Tetrahydrofolate + TPN + 

The enzyme catalyses the addition of 2H to 
the 5,6-position on the pteridine ring of 
dihydrofolate to form tetrahydrofolate. 
Since the properties of the enzyme from 
the mycobacteria have never beeninvesti­
gated, the inhibitor dissociation constants 
( K?s) of reductase antifolates are unavail­
able to use as a basis to select compounds 
for mouse foot pad testing. 

The first report of a mycobacterial folate 
synthesizing pathway, from M. avium, was 
made by Katsunum a et al. in 1957 (29). 
This was subsequently confirmed by Brown 
( 8) . Recent work in our own laboratory has 
determined the presence of dihvdrofolate 
reductase in a number of my~obacteria 

including Mycobacterium sp. 607, M. fortu­
itum, M. abscessus, M. smegmatis4, M. 
phlei and M. tuberculosis R,R, .. Particul ar 
a ttention has been paid to the properties of 
the enzymc from sulfone sensitive and 
resistant mutants of Mycobacterium sp. 
607. It was found that the Michaelis con­
stant for the substrates, dihydrofolate and 
TPNH, did not signillcantly change in the 
DDS res istant mutant (Table 3) , thus 
providing enzymic evidence that DDS 
resistance does not involvc mutational 
changes at the dihydrofolate reductasc site 
of the de novo pathway. Furthcrmore, the 
data was full y consistent with the fact that 
DDS does not cross-resist with reductase 
inhibitors such as trim cthorpim , pyrime­
thamine or aminopterin (Table 1) . The 
availability of purified enzyme will thm. 
provide a u seful tool in determinin g active 
site binding and inhibitor constants of re­
ductase antifolates with chemotherapeutic 
potential. The enzyme is inhibited by ex­
tremely low concentrations of a minopterin 
( 10- 8M) whereas high concentrations are 
required to block cell growth ( Table 1 ) 
thus this type of folate analog is unable to 
penetrate the mycobacterial cell with any 
degree of efficiency to exert inhibition. It 
was of interes t to find that DDS and its 
monoacetylated derivative MADDS did 
not act as inhibitors of the purified reduc­
tase enzyme thus providing further circum­
stantial evidence that their site of action is 
located at the PABA utilizing enzyme of 
the de novo folate pathway. It may be 
noted that the binding of dihydrofolate to 
the mycobacterial active site is particularly 
strong in comparison to the Km's from 
other bacterial species (Table 3). This fact 
thus must be taken into account in design­
ing and synthesizing effective antimetabo­
lite inhibitors. 

Further characterization of the mycobac­
terial dihydrofolate reductases have two 
objectives. On the one hand a study of the 
range of variation in the Michaelis con­
stants throughout the cultivable species of 
the genus Mycobacteria will indicate the 
ability to extrapolate active site binding 

4 A persona l communi catio n from Dr. l. Mifuchi 
has indi ca ted th e presence of a TPNH-link cd dih y­
drofolate reductase in ex tracts from a respiratory 
a ll e red mlltant of M. slII egma/is. 
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TABLE 3. Comparative pH optimum and 
J!f ichaelis constants fOT bacterial dihydrofolate 
reductases . 

pH 
opti-

Organism mum 

Jf ycobacterium sp. 
607 (DDS sensi-
tive) 5.8 

Jfycobacterium sp. 
607 (DDS re-
sistant) 5 .8 

Diplococcus pneu-
moniae" 7.3 

Lactobacillus leich-
mannib 6 .3 

8treptococcu ; 
faeca /isc 6.2 

8taphy lococcus 
aureusd 7.0 

Proteus vulgarisd 7 .0 
Escherichia colid 7.0 

I 

Michaelis 
constant 

K m (M X 1Q6) 

Dihy-
dro-

folate TPNH 

4. L I 20 .2 

4 .3 20.4 

3 20 

6 38 

12 22 

20 18 
24 28 
26 10 

a From Sirotnak, F. M., Donati, C. J. and Hutchi­
son, D . J. J . Bioi. Chem. 239 (1964) 2677- 2682. 

b From Kessel, D. and Roberts, D . BiochemistriJ 
4 (1965) 2631- 2636. 

C From Albrecht, A. M., Palmer, J . L. and 
Hutchison D. J . J. BioI. Chem. 241 (1966) 1043- 1048. 

. d From Burchall , J . J. and Hi tchings, C. H. 
.lIoiee. Pha.rma.:ol. 1 (1965) 126- 136. 

data from cultivable mycobacteria to M. 
leprae. Comparative data of this type have 
been obtained from trypanosomal species 
with the finding that little variation occurs 
throughout the genus (26). Secondly, 
structure-activity relationships b'1sed on re­
ductase inhibitor binding profiles can be 
used to map the relationships of the bind­
ing regions of the mycobacterial active 
site. Already data are availabl e indicating 
unique differences, compared to other bac- . 
teria, in the conformation of the hydropho­
bic binding region (7) adjacent to the 
enzyme-substrate active site. This informa­
tion is of importancc to the medical 
chemist attempting to synthesize anti folate 
structures with increased mycobacterial 
specificity and binding. It also provides an 

explanation as to the lack of antileprosy 
drug cffects found for the trimethoprim in 
the mouse (22, 56) . 

The potentiative synergism of antifolate 
drugs is one of the most important che­
motherapy principles to become recognized 
since the postulation of the Woods-Fildes 
theory of sulfonamide action. It is particu­
larly noteworthy that the principle has 
emerged from a rational approach to the 
design of analog inhibitors of specific folate 
enzymes especially since no naturally oc­
curring antibiotics havc cver been discov­
ered which block the de novo folate path­
way in microorganisms. The sequential 
blockade of the pathway in M. Zepme 
would have two important results in the 
treatment of human leprosy ( 1 ) a faster 
and more effective drug action at lower 
doses leading to faster amelioration of clini­
cal symptoms and (2) as already stated, a 
significant decrease in the frequency of 
emergence of sulfone resistant organisms. A 
third feature of sequential blockade e ffects 
lies in the recognition that bitherapy regi­
mens can result in strong bactericidal action 
although the equivalent monotherapy regi­
mens are essentially bacteriostatic. 

Drug synergism. DDS has long been es­
tablished as the primary drug for treating 
established infections with M. leprae while 
the riminophenazine, B.663, is used in 
DDS-resistant cases (0,41,54 ). It is of in­
terest to note that rifampicin , the semi­
synthetic rifamycin SV derivative, has re­
cently been found strongly active in human 
leprosy (31 , 49). This is one of the rare 
occasions that a drug possesses both effec­
tive antileprosy and antituberculosis activi­
ty in the human. In the case of sulfone 
resistance, the 607 mutants have shown 
that no cross resistance occurs with B.663 or 
rifampicin (Table 1) consistent with data 
reported for DDS-resistant M. leprae 
which likewise show no cross resistance to 
B.663 or rifampicin in the mouse foot pad 
( 48, 41)) . 

While combined therapy involvin g dru ~ 
synergism has long been a standardized 
regimen in the treatment of tuberculosis 
only minor consideration has been given to 
combined therapy in leprosy. It now ap­
pears likely that with the emergence of 
newer drugs experimental chemotherapy of 
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leprosy will tend to re Aect attcmpts to 
establish combined therapy regimens. As 
Browne (9) has po.inted out there is an 
urgent need for developin g more rapidly 
acting antileprosy drug regimens. While 
combinations of DDS with B.663 (20) or 
rifampicin certainly require intensive clini­
cal tri als it would appear likely tha t addi­
tive rather than potentiativc synergism 
would result from such combin a tions since 
there is no evidence that B.663 or rifampi­
cin act through an antifola te mcchanism 
( T able 1 ) thus sequential blockade e ffects 
are unlikcly to occur. 

Epilogue. The experimental chemotherapy 
of human leprosy offers exciting challenges 
for the chemical design of n cwer antimeta­
bolite drugs to e ffect sequential blockade 
and syncrgistic cffccts from combined 
therapy. The exp erimental mouse infection 
using thymectomized and irradiated ani­
mals (46) provides thc most advanced 
model infection for drug scrcening yet de­
veloped . Antileprosy drug development 
thus follows a Leonard W ood Memorial 
tradition , espoused by the late Dr. James 
A. Doull (17), that " . . . chemical, bacterio­
logic and pharmacologic research is neces­
sary for development of new drugs of stron­
ger antibacte rial action than the sulfones 
possess." 

SUMMARY 

The significance to developing drugs that 
initiate sequential blockade of the de novo 
folate pathway in mycobacteria has been 
reviewe d . There appears to be no examples 
of drug combinations available for the 
therapy of human leprosy which produce 
potentiative synergism. 

Evidence has been presented to indicate 
that the primary mode of action of DDS 
against M. leprae is that of an antifolate 
mechanism. In view of this, drug develop­
ment work will undoubtedly aim at pro­
ducing an antimetab olite which in combi­
nation with DDS, or the repository sulfone 
DADDS, can effectively blockade in se­
q uence the enzymic sites along the de novo 
folate pathway thus resulting in more rap­
idly acting antileprosy drug e ffects. 

RESUMEN 

Se ha hecho una revision de la importancia que 
tiene el desarrollo de drogas que inciien el 
bloqueo secuencial de la de nOllo via del folato en 
micobacterias. Parece no haber ejemplos de 
combinaciones de drogas utilizables en la terapia 
de la lepra humana que produzca n sinergismo 
potenciativo. 

Se ha presentado evidencia que parece indicar 
que el principal modo de acc ion del DDS contra 
el M . leprae es de un mecanismo anti-folato. 
En vista de esto, los tra bajos relac ionados con el 
desa rrolla de drogas estan indudablemente diri ­
gidos a producir un antimetabolilo que, en 
combinacion con el DDS 0 la sulfona d ~ de­
posito DADDS, pueda bloquear secuencial­
mente, en forma efecti va, las etapas enzimaticas 
a 10 largo de la de nOllo via del folal o, ob' cniendo 
asi efectos terapeuticos de accion mas ra pida 
contra la lepra. 

R£SUME 

On a considere dans cel arlicle I'importance 
qu' il y aurait a developper des medicaments qui 
pourraient declencher un blocage sequentiel du 
circuit de nOllo des folates dans les mycobacteries. 

II semble qu 'il n'y ait pas d'exemple de combi­
naisons medicamenteuses actuellement dispon­
ibles dans la therapeutique de la lepre humaine, 
qui pourrait produire un synergisme cumulatif 
de celte espece. 

On a fourni des donnees qui indiquent que Ie 
mecanisme essentiel de I'action de la DDS 
contre M . leprae est celui d'une action antifolate . 
Des lors, il est indubitable que les travaux 
visant a developper de nouvea ux medicaments 
devraient tenter de mettre au point un anti 
metabolite qui , en combinaison avec la DDS ou 
avec la sulfone retard DA DDS, pourrait bloquer 
efficacement, et I'um apres I'autre, les sites 
enzymatiques tout au long du circuit de nOllo des 
folates, ce qui aurait pour consequence une 
action plus rapide des effects antilepreux de ce 
medicament. 
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