STUDIES ON DRUGS FOR KANSEN'S DISEASE

THESIS SUBMITTED
UNIVERSITY OF BOMBAY

FOR THE DEGREE OF
MASTER OF PHARMACY
IN
PHARMACOLOGY

SUBMITTED BY
ADITYA MOONA

UNDER THE GUIDANCE OF
DR. M. B. BHIDE

DEPARTMENT OF PHARMACOLOGY

HAFFKINE INSTITUTE FOR TRAINING, RESEARCH & TESTING
BOMBAY

1982




Disclaimer

This research work belongs to
Mr. Aditya Moona

No content of this work can be
circulated or used for any commercial
purpose without the consent of
respective researcher



Studies on Drugs for
Mansen's Discase

A Jhesis Submitted
to the
University of Bombay
for
the Degree of

Master of Pharmacy

Faculty of Technology

in
Pharmacology
N T ('l by |

Aditya Moona

Department of Dharmacology, Haffkine Institute
Bombay

1982



Acknoviedgemont s "

Abdreviations aes

) P

1e3eln
1s34241¢
16348420
1342438
143430
103-3.10
14343424
10343030
1e3¢304s
1433480
1e3e34€s
14343670
1e3ede
lede

Introduction e
Iacidence of Leprosy
Leprosy, the disease
Troatmerg oes
Introduction ey
Historical | s
Substituted Sulfones

DDS & Active mucleus
Drugs other than sulfones
Introduction  see
Rifampiodn T
Clofazimine e
Rthionamide / Prothionamide
Thiscetazone see
Thiourea derivatives
Sulfonguides s
Malti=drug therapy

The prodviem “se

299

L4 2

e

>

>0

e

vae

ey

e
L 11
"ee
sen
"
"y
(17
o
ane
L 117
200
e

LA ]

o o &6 G W »

.
[«

ts382¢8388¢8¢%



lelelo
L8,
15ede
146e

. Discussion P

Reasons (hypothesia) for the prodlems

Search for Hew drugs
A new apprvach e

CHAPTER IT 1 CORMIGTRX

2e

2410
2edole
Z2ele2e
2ele3e
2eledy
2eR8¢
247010
2248
2s24Bee
- 2e24242s
22242439
2ede

Introduction  een

Use of active transport system
The target  see

Chosce of the drug

Cholce of the carrier

Method of conjugstion
Materials and methods
Materials see

Methods sue
Synthesis of compounds
!’uriricatnon of compounds
Charscterisation of compounds
Results and discussion

CHAPTRR IXI ¢ PAARMACOIOGE

3e
Sels

3elele
3ele2e
3elede
Salede

Iatyoduction sue

L 22 ]

L 2 2

. AL

.08

989

*Ne

hbe

*hs

L2 1

* ¥

e

L2

&0

L3 2

”ee

(21

e

cultivation 31’ Kolatzages

o of Jiterature
Use of tissue culture asysteus
Use of PBacteriologicsl media
Use of various extracts

Chemotherapeutic studies in
leprosy Qn-yitro

L 14 ]

L 11

L 22 ]

see

2828

3222288332033

g3 2 22

8



3elebe
3elebs
3elaliele
Jelebels

ICRC bacilid e
Materials and methods
Haterials wee
Methods e

3ele6e2(a)Bxporinents see

Sele
Se2ele

Be2e2s
342434
P 1Y

342e84
342480
34246410
3424642

Bxperimental animal models

Atteapts to transait human leprosy
animalse

to werious

The mouss foot+~pad technique

"ed

L 21 ]

i 2 1

e

L1 ]

e

"o

e

Davelopment of now animal modelfes

Chemotherapsutic studies in
leprosy §

Hrsobacteriun Jovras
Materials and methods
Matorials ave
Methods soe

34246 2(a)Bxperinments | sow

Sede

Results and disonssion

L 1.4 ]

see

SR

*ud

aee

L1 1

LA 1

CEAMER N ¢ DISCUSIION AND COMCLLLION

4 Discussion and conclusion
4ele Sumary ore
REFRRICES sae
APFENDIX - & "o
8Yuops 18 see
STATEM T son

. e

ooy

LA 1

Ld ]

see

sy

108
108
108
110

119

198



I take this opportunity to express my dee) sanse
of gratitude to my guide Dre MeBe Bhidey MeDey FoCedoley
for his valuable guidoace and sugrestions thrcughout the
course of study. His dynamic loadershiy motivgted me to
learn a Jot Of themes of 1ife, which I gm sure shall go
& loeng way beyond this thesis.

T am grateful to Dre KoD, Gharma, Director, Haffkine
Institute, Bombey for providing me all the facilities as
aleo the financial as istance dy vay of a fellowship at
his laboratory, required for completing this study.

I owe my gratitude to Dres CoVe Bapat, Head, Cell
Biology Department, Cancey Research Institute, Boabey for
his valuadle advice, help, exhsustive training and
sncouragement during the course of this worke I am
thankful to him for providing ssed imeulum of IRC
hacilll and the media for its culture. My sincere thanks
are due to Mre AU Bhatt, Cancer Research Institute,
Boabay for giving me excellent training in micyodiologieal
techniques. |

T thank the staff of Acworth Leprosy Hospital, Bombay
for providing the biopsy material.



I otfer my gratitude to Mre Ravi Ghoof, Setentifie
Seorstary, Haffkine Institute for the valusdle advice and
Juggestions offared by him during the work.

My sineere thanks ave due to Mr, M, Padki,
Mre Us Phadke, and sevoral othor colleagucs in the
Department of Pharmecology, the Director's Laboratory,
Raffikine Institute and at the Department of Cell Biology,
Cancer Research Institute for thedr spontaneous
co-operation and help they have given me during my works

I offor my atacere thanks to Mre VeDs Sharsa fory
the excellent Job he has done in typing shis thesis snd
to Hr, Goke Berry for preparing excellent Ligures.

ADITYA MOOHA



» Agid fast baciild

» Clofasinine

= Centra) Hervous System

« Dianinodiphenyl sulfone

» Dicthyl 4ithis carbamate
= Erythems leprosus modosum
= Lepromatous leprosy

« Borderiine lepromstous leprosy
= Borderiine tubercnlonid leprosy
« Tuberculodd leprosy

» Thymectomissd and irradisted
~ Ready for use :

o Human albumis serum

« Purified protésn dorivative

« Isoniazide

= Para anino sallcylic acid
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Over the past several aillenisy the human race
has falleu heiy to thousands of recognisadle diseases.
Pev have assumed Such special place in history, in
literaturs, oF in popular consciousness as dubonde
plague {the Black Death)y syphilisy sudbarculosis,
Jeprosy and small~poxy which have taken 0n o aythology
and a metaphorical significance quite beyond their siaple
ciintcal explanstions

Among these fev special dissases, nons has stirred
more imagination or greater drsad than leprosys Leprosy
18 an anclent afflictiony physical evidence for it exists
in skeletons of Bgyptian summies £yom the fifth century
AeDs and reference s rifs since the davn of olviliisation
(Grifrin, 1981)s In India, Afvicas and China, the diseauss
has been DPrevalest sicce ancient times, and vwith the
passage Of timo it was iotroduced into various other
asunsries of the woride

It may be saidy that earifest autheatic reference
0 the disesss 1s found Lo the aancient literaturs of Indias
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In sacient medical writiags Jike that of Charaka, Sushruts
and Vag-hhata of our country the &isease is known as
ak-Bakia or YatzShonisa and Kusthae Reference %0 Jushtha
35 aleo made in much sariter Indian Jiterature age Mamu
Gmruts and Atharva Ved, wviich clearly briag out the
dirference between Shvitra (isee Loucoderma) and Fushiha
vhich outwardly resemble (Dharmendra, 1078). Referance
t0 this disease arTe found in Bgyptisn Papyrd written
thousand of years befors the birth of Christ as well as

in the vritings of ancient China (Dhlm. 1978),

Although leprosy 1s considered primarily a tropical
disease, it was a major problem throughout Burops and the
British Isles in the middle ages and medical historians
remain bafflied by its mysterious deciines Western Burope
was Jargely leprosy free by the 17th century, although
amxll pockets Of the disease remained through the 19th
century, most notably in Horways X was hers that
Norvegian physician Armausr Hansen first disaocvered the
causal organism, Mycpbacterium.isitass ia 1873, This
Jandmark event reladled leprosys Hanasa's.diseass snd
the dlscovery of this specific daocllilus, rulned many
of the cherished hypothesis including popular aad religions
~ baliefs of punishment dy Godse.
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LCIDRICE OF LYFRO3Y

On & worldvide dasis, leprosy today is estimated
to affact 12 « 16 miion persons tm, 19774 Bechelll
and Martines Domingues, 1968)s (It 4s 1ikely that ne
more tinn 285 of thoss afflicted with leprosy are now
‘receiving trestments) N is quite disturbiog that ous
of these alwost Ono-fifth he'», around 4 million cases
cceur 4o Iadla (Dharmecdra, 1978 a)s Tho prevaience
rate in India Is Osf per 1000 The states of lndls
vhere leproay is highly prevaleat arej Tamii laduy
Andhra FPradesh, Orissa, We Mﬂt Mahgrashtray, m:,
Ustar Pradesh and Hadhys Pradeshe These eight. states
betvesn them account for S5 of the total leprosy 4n
Indsa (Dharmendrs, 1978 a)»

1.1

priitaz, SNE DIORASS

Hansen's disease, or leprosy, is s chronde __
infectious dissase, caused by Mycobacterinm leprage This
organism 33 rod Jike o eppesrance, and displays acidefast

staining qealities. In many respect u 0l0saly resembles
tuberole (TB) bacilise

Leprosy chiefly affects skin and periphersl
aervese I some forms of the diseasey MilaDras oan be
fouud in darge numbers in the nasal muous sembrane and
in muscle tissues, liver, spleen, lymph nodesy teates
and hlood vessel wvallse If untreated; nerve iovolvesent



say lead to loss of the souss of pain, muscle streungth
and oirculation resuitiog ia the development of deformities.

Leprosy 4s found two 0 three times more frequently
4n males than females (Gehgaly 19790« The Alssase Oocurs
in children and adultss I 1s bdolleved tO have a variabtle
incubation period, ranging from 2 -20C ysarss The mode of
sransaigsion has not definitely boen established, but
leprosy is probadly most often contacted by dresthing dust
or droplets laden with the M.laprag bdsciiils Other modes
of transmiasion may 5180 be possidle {ibes, 1074),

Leprosy assumes several distinct ¢linical foras,

These differences are related solely tO the patient's
resistance to the diseases The *indeterminate® form of
leprosy is characterized by one Or more vague hypopigmented
spots on the skine The course Of indeterminate leprosy

is variables It say resain guiescsnt,; recover mntmw
oFr progress iasidiouslys Its further progress depands

upon the imcunelogical responses Of the bodye X may
either form dnto lepromatous, tuberculoid type or an
unstable group of Jealrosye

* fuberculodd lsproay ¢ Patients with fairly high reststance
will develop tubsroulofd leprosy, initially marked By the
prasence of a fev vsn-dtﬁrsc hypopigmented skin patches
or lesfons. A partial or complets ioss of feeling is
asscoiated with these lesionss The patches enlarge siowly



and leprosy bacllll are usually Qifficult so finds Hard
nodules or tfabcﬂh: also devalop in the skin, thus the
term tubercnlofd leprosys

If untreated, nerve involvement may lead to Joss
of the sense of pain, muscle strength and eirculation.
These effects are most commonly sasn in the forears and
Jower leg and can lJead to developmont of foot deforsities
and the 30 called 'clawehand!s

* LanIOsatous. AeRreax ¢ At the other extrems, sudjects
showing litule oF o Tesistance tO© Halanan vill develop
the lepromatous form of the diseases Without treatment,
Malazas bactill sultiply almost uachecked snd may be
found in many body organs in addition to the akine

The skin of the face typieally thickens and the
individunl develops & leonine (1ion=1ike) appoarasces
8oft nodules appear on the sars, noss and about the faces
The nose is usually teeming vith baciili, vhich can yosult
dn eventusl destruction of the nasal septum and palate.

* Barderidne loprosy § (Dimorphous leprosy) This classificat
includes patients with intermediate grades of resistauce to
the infections Lesions may resesble either the tudarculoid
or Jepromatous forams, depending on whether the individual
shows greater oF lesser resistacces In the midrange of
resistance, the lesions vill appear as mixede



An fsportent consideration 4n treating borderiine
cases is the fact th t host resistance 45 unstable. Withount
treatment, the disease may 4rift towards tho lepromatous
poles By the same token, under treatmenty the resistance
can recover snd upgrade towards the tuberculoid ead of the
spectrule

1.3 JREAHCE
1e3+3+ LIRODUCRIOH

Leprosy 1s one Of the most dresded 4iseases and
almost all dranches of traditional medicine insiuding
paychotherapy, therapeutic occultise and herdal medicine
have been suployed in its treatmente In addition, social
estracism was practiceds In orthodox sedicine, plant
extracts played an lmportant role in the t_:peatmt of
1eprosye Chanlmoogra eu, pbtained from plants of

Erdofcaluus snpey Sominated the treatsment until the sdvent
of sulfonese

Great advances have been mads in the treatment
of leprosy during the last thros decadess iHew aud potent
drugs have been {ntroduced and search is continulug for
morTe effective and fast acting drugss Various methods of
peconstructive surgery have baen appliied for the treatsent
of deformitics in leprosy and the importance of physiotherady
and occupational therapy in the preveation and sanagement
of early daformitics has been recognised,



Drugs used in the treataent of leprosy patients may
be divided into two categories,

{1) the drugs ageinst the causative organiss of
the disense = routine drugse
{11) the drugs for the treatmant of special symptoms
and complications +» specially indicated frugs.

Caly the first category is revieved here, the
second category does not merit extensive review in the
present context.

In the first category has becn the age~long treatment
with hydnocarpus oil and 4ts preparations, which till about
thres decades ago were the maicstay ic the treatment of
leprosys These drugs have now generally been dlscarded in
favour of the new chemdthierapsutic drugs which have brought
about a revolution 3o the fieid of leprosy treatment. IThe
£iret chemotherapmutic drugs $0 ds futroduced were the
sulfons drugsy and in one form Or the othery they still
continue to be the main drugs fur the trestment of the
disents.

Although other drugs have proved of value as

~ slternstive methods of treatment, or as adjuncts to
sulfones, generally they have not been found to surpass
theat their main use is 4n sulfone « intolerant oF sulfone
resistant paticnts. BHowvewver, drugs like rifampicin, cloe
fasimine and ethionamide have bsen found to be very



attively bactericidal for the leprosy bacilli and clofssimine
is useful in reactional states of leprosy as welle Moreover,
the modern trend in chemotherapy of leprosy is treatment
with a comb’nation of drugs 1.0 aultiple drug therapy, as

{n the treatmext of tuberculosis and other mycobasterial
diseases.

Mvim drugs are discussed in the following
pagess Since sulfoies form the maic clecs Of druge used
S0 the treatmect Of leprosys they are Peviewed under one
hesd, all other 4rugs are revieved uader 'Drugs other than
sulfones’s :

1e248¢ QULEOHZIRINS

The gulfones; a8 a class, are derivatives of
4y4' » Qlaminodiphenyisuifone (Dapsone) DDS)e The parent
ecompound, dapsone, is mied to the sulphonsmidese Thess
compounds are inexpensive and highly stadle.

| o - 0 ‘
o 1
0 3
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Dapsons (4,4' «~ dlaminodiphenylsuifonej DDS) is the
parent compound of the sulfone drugs. Although synthesised
4n 1908 (Fromm a:ud Wittmann, 1908), 4t vas £irst tested
only 1a the aftersath of the suiphonamide explosione As
s staudard aatibactariel agent it wes disappointing (Buttle
shAbes 1937) betause 3t was 8 times as toxie a8 suifanis
Jamides I3 1038, Peinstons and cosworkers conciuded thelr
experimental work with DD8 Sn streptocoecal; pneumecocoal,
asningoeoccal and staphylootscal ianfactions &n mice with
the statement ¢ "Its toxicity, in cur opinion, preciudes
its use in human beingss" Alss 4in the same yeayr, Bauer
and Rosenthal found that the therapeutic index of DDS (maxiwum
tolerated dose / minimom effective dose) agsinst
streptococcd in uec&s @ as compared to 3.8 for
suiphanilanides Yet they found it desirable to Obtain
derivatives with lover toxicity without a correspondicg
decrease in therapautic action.

o 1839, DD was proved to have antituberculosis
astivity (Riss gt aley 19395 1640) Peldman gh.ales 1944)
which in tura lJed ¢o the discovary of its sotion against
Myscbacterius jepras (Dlesworth gt ales 1949§ Lowe, 1960).
First hovever; some of the substituted sulfones were proved
t0 be aotive agalnst leproay (Paget gh.aley 1943) 1948
19468 a)¢ N wvas only in 1047 that dapsOne injections veve
suployed for leprosy (Cochrane gt ales 1949) and later orel}
treatment vith oneefifth the eariier dose was introduced

it
/
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{iove and Smith, 1949} lowe, 1960)s Both the trials were
very successful aud as & result the uie of dapscne has besn
establiahed all over the wrlds

134242+ § 2D BULIO.IE
The derivatives of DD3 may bo divided fnto (1) 'Simple
derivatives, and {(41) "Suclear substituted! derivatives.

In the simple derivativasy one H of the HHp radical ia
replecad by various side chains} and 4n the nuoieay
derivatives; the side ohain replzces an H at the ortho = oy
meta = position in the benzens ring. '

(1) I pd alunia darivatdye % Thess inolude

the most com oaly novn am uiw used preparations oegs
promin, 4iasone abd sulphetronss A muoh recent disudstituted
darivative 33 4;4' « 4lacetyilianing Alphenyisuifone {DADDSG 9
Aswdapaone) & repoaitory preparation 6f sulfones

{4 v) & afl A tiva
prepared and used to a M&M axtert only mz;,mm:u
aflagy hydroxyethyleulfone and succimulifonss

(11) uglesr dexivakixes ® Those have been used to s very
iiaited exients Th-y igclude promacstin, promiscle and
propiosulfone. A dmg vhich 43 clonely related to DDI 4s
diaaino-diphenyleulphoxide, This has besn found as sffective
as DD8 dut 4t 1s t00 toxic for prolonged use,
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2 NE INSTIVOER -1

1A 'L%C,
Despite the study and development of & Jarge variety
of suifones, dapsone reaains the most useful elinicallys |

DARGS..(Agedansons)

The first reports of the clinical use of s sulfone
in man dealt with a 4isudstituted sulfone DADDS (pe~discetye
laninodiphenyl sulfons) in the trestment of gonorrhea (&!t;
Boyer gt ales 1937¢ Palazaolt and Bovet, 193'”. It vas 2190
successfully tried in experimental malaris (Coggeshall st ales
1941) dut o favourable effect could be obtained $a
experimental tudberounlosis (Smith gt ales 1942)s R was
only after the establishment of the footepad method by
3hepard (Shepard, 1960) that the antileprotic sotivity of
the compound was establiahed {(Shepard, 1967§ Shepard gb.ale
1968)s Considering the Joag Lerm findings reported by
Russel gk ale (1978), it can be seid that as far s the
Sherapeutic effects are conceruedy thers is no 4ifference
between Oral DD3 and paresteral DADDG, except that DADDS
provides & moans of long interval Intermittant trestaent,
a8 1t has to be adntnistered once avery two monthae

86411 dnvestspational ia sost countyies, DADDS fs
used prisarily as part of the combined therapy in the
traatuent of lopromatous leprosy; btut may be used alone
i1 treating monelepromatous cases not without the danger
of 4rug resistance.
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first clinically used in leprosy by Moty (1044): Noweyous
other favourable reports folloved and the drug attained
vide usage after it vas made mmm commercially in 14¢
(Dem3}, 1083)s Diasone acts the same vay as DS, bat 1s
1e8s complstely adsorbed, has s lover therapeutie ratio,
wore frequent side effects, and is more expensive.

Suphetrons (tetya sodius #y4' » df [3 « phenyy «
1,3 » disuifoprepylenino | « diphenyl sulfons) was fivet
used by Wharton $a 1947« Sulphetrons proved to be very
wall tolerated in effective dosage and came ingto extensive
use (Douil, 1963) Bushby, 1984)e This drug has Deen
receatly discarded after prolonged use fn favour of the
Parant coMpound dapsonee '

Barly experimsots wers 4one with 4,4' « dinttrodipheny)
sulfons (Battle gt aler 10075 Porrneau gt ales 1837),
dleodiun formaldehydesniphoxylste dlaminodiphenyl sulfene
(Bawer and Rosonthal, 1588), a bDensylidens derivative of
oIS (Buttle gt aley 1938) and many more compounds derived
from DDS (Puttle ab.ales 1908}, Often a promising
activity was found against streptococcal oF rmeumococcal
infections, though none of thess derivatives vas s
offestive as the parent sulfone, DIS, itselfs Likevise,
many sudstituted sulfones wers Sried out £OF Leprosys
Among them ware Promscetin (or loternal antissptie 307)
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(Paget ghaler 1943) and promizole (Faget gh.ale, 1946) but
mne 9f these vere used very extensively (Bushby, 1964),
7511 this date lmuadreds Of mono and disubstisuted derivatives
have Desa synthesised in search for compounds with jowe
toxicity and grester solubliity (Buttle sh.sles 1998f Levy
1978§ Colvell gh.ales 1978)s MNost Of these substituted
oonpounds act ths same way a# DSy are less completely |
‘absorbed, have a 1Ower therapeutic ratio; more frequent side
effects and are aOYe expensives

16342230 ACLIRAUCLAUS L.D0Q

Paget (1947), while comparing promin, Afasone and
promizole; notes his fmpression that “"the progress of
daprovement $s very sisilar vith sach of the thros drugss
The diaminodiphenyl sulfons parent radicaly common t0 ally
sppears t0 Do active priucipals"® It sooms that only around
1940 was 1t fully realised shat the proprietary suifones
wers Doth active and toxic through she DI oucleus (Ploch
and Destomberss 1949) Lowe, 1960 end 1950 aly although
there had beant many early sugcestions &n that direction
(Buttle g8.ales 10383 Johnwon, 1940) Hinskaw and Peldman,
1941)e

R nov Jooks doudtful whether such useful purpose |
has Deen served by the production of warious DDS derivatives,
since evidence is now avallable that most of thase complex
sifones are active by virtue of theofr deing brojen dwn
in the body to the parent sudstance snd/or dacause of
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oonteining DIS as s oontaminamt in the derivatives (Prancis
and Spinks, 19503 love, 198623 Celber g ad% 1974)

Susmarising the brief history of dapsone, Cochrame
(1964) states @ "DDS should have deon the first sulphone
shown to possess activity against mycobacteriay yet was mot
" widely advocated for the trestment of leprosy, till its
derivatives had Been given L0 almost ten years, makss an
interesting object iesson in the diffiemitiocs that ean
srise $n the application of form of treatment, for which
there 48 00 eaperimeantal basise*

In as far Dack as 1066, Muly could state 4o an
esditorial of Laprosy Review ¢ *iow that the rules of it»
use have besn standardised, DOS has Desn sccepted universally
as the treatment of cholce® and till this date the s-tatamerd
holds goods 8ince DIB 1 the most sconomionl) snd convenient
sulfone, £t remains the drug of choice in the trastment ‘

of leprosy (Lowe and Smith, 19403 Lowe, 19503 Odmes Orbaneda,
1983),

308t Antddstzatis Ackivity

The exceptional seusitivity of Hulanrsg t© dapsone
4s indicated by its MIC of only 0,003 ug/ml in rats (Levy
and Petars, 19763 Paters gL ale 1978)e A concentrations

near t0 its MIZ, dapsens &8 essantially bacteriostatio, bus
at coucentrations 1n excess of 100 times this walue 4t 48
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wealkly dacterieidal (Fieldsteel and Levy, 1976} Levy, 1976}
Coiston gh.ales 1978)s The fns=vivg sctivity of dapsone in
patients with leprosy has also been studled using the
technique of footepad inoonlation (Shepard st .aler 1968)
and its estimated sensitivity ia between 1 and 10 ng/ml

for organisms recoverad from untrested patients (Shepard
ahAdes 1969) Gadber ah.ades 19710 A dose Of 100 ng
dapsone resulvs in peak concentrations that excoed she MIC
by & faotor of about 500 = fold c1d maintains inhiditery
levels for about 10 days (Kliard st ades 19755 Glaskd gh Ades
19683 Gelber and Reesy 19785 Peters ghales 19724 19743
1975 ay 1976) 1977)» Several studies have shown that 39%
or more of leprosy outpatients are grossly irregulsr in
se)f-sdumtnistering their dapsone treatment (Low and Pearson,
1974) R1lard ghales 19753 Hulkeshoven ghales 1976y
Balakrishnan, im)g

Yiable dapsone sensitive laprosy bacllit
("pmzﬂteﬁ') oan %o recovarsd in upte 808 of lepromatous
patients after as many as ten years of coatinuous dapsone
monotherapy (Waters g% ales 1974), Bstimates of ths
prevalsacs of dapsone resistant strains of lylanras smong
Aepromatous patients have ranged from 3% to 208 (Levy g Al
A977) Pearson gh adey 19783 19775 Peters b pde 1978).

In the worst situation nev dapsons resistant cases were
socuriag at & rate of sbout 3% per anoum OF those at risk
(Pearson et alf 1977 a) Dapsone resistance is & stadle
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characteristic of Mylepras (Jacobson and Hastings, 1976)
Waters, 1977) and resistant strsias are clesrly iafectious
for man siace dapsone resistant stralins of Mulsprag have
been imolated from previoualy untreated patients (Yacodson
and Hastiors, 1978 Fﬁ!‘”& s adey 1077 ade

1’ is interesting to see how the 1deas about the
mode Of action of DD3 has changed over the years. The
chemdtharapeutic action was thought to be through the
sutagonism of peaninobensoic acid (FABA) 4n follec asid
dlosynthesis (3teenken and Helse, 1943§ Brownles gt ales
19483 Denoviock at.aler 19625 Browne; 1967)¢ Ihroughout
the years most authors (Haylor, 1968y Haylor and Hanks,
1061} Patiyn and Van Eyuengen, 1988§ Moxrison, 19714
Codvell sh.akes 1973) Panftch and Levy, 1978¢ Seydel sh.Ales
1980} have considered this at least ms ons lmportant peyt

of the essenbially bacteriostatic astion of DS on
aicroorganisag.

In 1982 hovever, Rath de Sousa and DeSonza Lima
4drev attention to the degeneration of the histioccytic
{virahow) cellsy caused by D08, This procass appeared to
begin before the disintegration of Mleurag presert in those
ocells, Thelr hypothesis tharefore was that the sulfones
act priLcipally on the Virchow cellsy; in seme way altering
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1ts metabolism and making its oytoplasae unsuitadle for life
of Mlaprase

In 1966 snd repeatedly thersafter Bergel (1068
1967) iunterpreted the mechanism of action of the sulfones
against leproay oo the basis of en mmm activity,
protecting the Lipoproteic membrane Of lysosomes and thus
increasing the defansive capacity of She organisme Zhe
oconcept that DIS may be acting ony OF through, lysosomal
snsymes vas further investigated by Pradhakaran and Bepas
in 1968, who showed an elevation of acid phosphatase in
mouss peritionesl macrophsge by DS, and by Paloksr and
Magay (1067)¢ & few yoars later Morrison (1971)
hypethesised that *DDS imteraction with lysosomal meadranes
resulis in perseability changes and the subsequent
concentration of DDE within the orgonellessss Thus through
discharge of lyscsomal contants into the Phagosome a Jocaliszed
concentration gradient of DDS 4s avafledle to exert anti-
folate effects upon phagdoyted mycodacteria.® Tsutsumi
and co~workers expleined 4in 1978 some experimental re ults
in terms of a "tidal vave action of DDS%, first stablilsing
1lysosoma) sambranes; and o the Jate? stage accelersting
the HAD = JADH aystem fuside the macPophages

AMM0 today the specifically low MIC &f DIS Loy
Malakzag coatinties to pussle the researchers, induciog them
$0 coasider alterantive modss ©f actions Recently, Paniten
and Levy (1078) showed that Molansasil scocumulates DDS
against a concantration gradient, explaining the prolonged
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dactariostatic sction of DS+ The activity was quantitatively
‘aatagonised by PABA, but “the 300 = fold grester UK for
Nakansasii than for Mulepras sugcests that the actions of
the drug on the two Organisms may 41ffer qua-iitatively

a8 vell as quantitatively.® RExtensive dlochemfcel studies
by Seyde) gtales (1980) support this #duo They outliine
several hypotheses, tuo of which are of particular interest.
The first 43 the powerful offect of the izhibition of folate
metadoilism by DDS that would occny 4f folate setadolimm

s the rate dstersining step for the extremesly siow
gcnmucxi rate 0f Malsurage The second s the possidle
inhiditory effect of DD3, also at a second stage in the
pathvay of folie acid biossynthesise

FPerhaps the most recent hypothesis for the
mechaniam of action of D08 against HalnDxam comes from
Prabhakaran aad colisagues (1980)s They found that DS
Sahibits orthodirhemnioxidasey "the Only sosyme proven
$0 be prosent in the leprosy organiasns«” ZThey suppose
that she sulfur atoms of DIS bind the copper Of the
snsyse and thus lnactivate it, 3£ only the drug 4s adle
8 penetrate the Dacterium,

Thus the mechaniss of loprostatic action of dapsone
remaing obscures



Work on metadolism of DIS in san and animels has
bean dons by several workers (Saith, 19403 Dharmendrs gt ale
19603 Ross, 19503 Siapson and ¥Molesworth, 19503 Bushby
and Wolwsod, 19585 Chatteris and Foddar, 15673 Dhople and
Magar, 10833 Bushby, 10674 Gita Dutta ph.aley 1973)s The
metabolisa of dapsona &s diseussed hers, espacially with
reference to oral administration; since Dharmendra gf Ale
{1960) found the Blocd copsentrations of the drug vere
conparadble 'ﬁm the wvarious 4oses vere given at warying
dutervels by either pouts and it &s the Only routs used
todays

») Abaotukien

Dapsone 1s quickly and nearly sompletely absorbed
from tho gastrofntestinal t¥act (Lowe, 1962) and undergoes
entarchepatic circulation (Glasko gh aley 1968)e Pesk
concentrations 1u plaske are reached hetwesn 3 ~» 4 hours,
and 1s deteatabls for seversl hours. XNs half Life 1a
avound 21 hours (Ademander gh ale 1970).

) Riasxsbution

Dapsone 1s aistriduted thyoughout the total body
water and §8 present in all tiscuese IV tends to e
retained in skin sod guscle and a higher concsttration
is found in liver, kidney (Sinmpson and Mojesworth, 1960)
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and leprosy lestons {Chatterjl and Poddar, 1967) than
Plasmas In dlood, sbout 50 » 80F of the drug 45 bound to
plassa proteins (Orahem, 19755 Rijey and Levy, 1973§ Oita
Dutta at_ales 1573)s The sulfones are retained Lo the
eivoulstion for a long time because of intestinal
reabsorption fyom ¢he bﬂh‘

o) Bxaxetion

Dapsons 48 acetyiated 4o the liver and the degroe
of acetylation 3s genstical.y deterajoaed, Pt the hosts
aoestylator status has oo effeot on its slimination (Gelber
Sk.alsy 1971)« Besides DIS in smsll amounts, less than
6§ s sxoreted unchangede (Bushby and Woiwood, 1068§ 1986),
the drug 3s presszb as an acid Jdile monoeEegiucorcnide
and sono~d-gulfamate in sddition to an unknown number of
unidentified metabolites (Shepard, 1069) Gita Dutts
5. ales 1978) Adexacder gt ales 1970)¢ Another fmportant
metabolite of DD found 4n urine is mond = aoetylated DO
(a0D8) (International leprosy Congress, Berpen, 1973 b)
thought t0 de an active mstabolite (Gita Dutts gt ale, 1973).

Sulfones are potentially very soxfe (Buttle gh.ale
1037) Cochrane st ales 1949) Dut wish doses mnder ~ 300 mg
dally, toxic reactions to dapsons are uncomion (Lowes 1950)e
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The adverse resctions £0 darsone have des: extezsively
revieved in a recest editorial in Lanecet (Laccet, 1961).
MWoat of the reactions ars dose related and Sndependent of
the underiyiug diseases Somey hovever are Ldiosyncrusies
and some arise only in particular disease setiiage

Haemolysis occurs in most of the patieats treated
vith dapsone, DUt upto a dose of 100 mg a day; it 18 mOSly
subcliinicale Higher doses sigt produce hasuwdlytis anaemia
{De Gowin, 19674 Dharmendra and Chatieril, 19633 Fovell
sk aley 1967) usually of the Heing body hasmolytic type
{Cream and Beott, 1970)s This ansemis i dus to the
deoreane of the 1ife span of RBC (Desforges ot sle 1959)
and contisues tii. tho bone marrov 1s adle to mest the
increased domand. There is an fncreased risk in those
vith glucose-E-phosphate dshydrogensss deficiency (De-Gowin
2581+ 1968)s One common unvanted effect 19 cyanosis
{Alexander gt aley 1970)s

Amorexiag nauses and vomiting may f0l.ow the oral
adaiotstration of sulfoness Isojated fnstances of
headache, nervousness, insomniay blurred vision, paresthesia,
drag fever, haamsturia, pruritus and a varioety of skin
rashos have besn reported. Similarly,; revers-ible peripheral
neuropathy (thought to be due to amonal degeneration) and
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payehosis are rave compiicaticas (Rapoport and Guss, 1972)
An infectious sondauciedsis = 1ike synérome, which may be
£atel occurs ccoasionally (Lelker, 1086)s

The association of D8 with Lepra resctions is
dedatable (Buikeshoven, 1981)e« In 1973 Helmy and comwerkers
reported that DS 4» at' least 1o direct cause of B,

Also in recent studies in India, 3t was coneluded that

BiL was Dot related to D3 therapy (Duttay 1979)s Clinleal
manifestations of PHL include fovor, malaise, oxfoliative

" dermatitis, Jaundice with hepatic necrosis; lymphadenopathy,

methaenoglobinaenisa aud ensenia (DeeDowin, 1967),

Although o large nusbey of untovard effects have
bsen descrided above, the suifones may be givea foy many
years fu doses adequate for successful therapy of leprosy
AL proper precautious ave observeds Ireatsmeat should de
initiated with a small d0se and quantity then incresased
graduallys Patients sust De under consistest supsrvision
for reactions, sspecially thoss related t0 sxacerdation
of the disensey which may be very severs and domand cesgation
of treatment as well as the institution of specific measures
to reduse the threat $0 1ife.

The sulfons drug, dspsone has no Joudt marked &
great advance in the treatment of leprosy,; sll the same it



suffers fyom certain )imitationss

o) Zrsatmact has S0 bs continued for dong nariods

With DD3, the treatment has £0 econtinne fOPF several
yoars ~ specially in the case of lepromatous cases « before
the 4diseass sudbsides clinically and bacteriologieallye In
lepromatous cases, it takes five or mors years fory the
bacilll to disappeay from the skin, and in some cases the
bacilii may persist even Lor ten years oF more of treatmer$s
Moreover, the bacilll may “parsist™ ia boaos marrow, nerves,
| Muscles #tCees aftor thoy have disappeared Lron the skine
Furthey, the treatement hes to be cootizmed even after the
completo subsidence of the disense; Lor varying periods.

» det backs.duzine Sxaskaack

Thore are zome patients who fmprove WPto a coertain
extest and then the improvamert stops, followed by
recrudesence of the diseass even with continusd treatment.
This may De due to the emergence of *sulfone resistant'
strains of Mlavrase Ths question of 'dapsone resistance’
vill be discussed at Jength further in this chapers

o) Iutovard.sLlecka

The toxic manifestations of DD3, which have
already bessn discussed, coastitute another idmitation 4n
the use of D08, for treatasat of leprosy in s0ms Casess
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Segcondly, s very smll perceuntage of patieuts may be
sensitive to the sulfone 4rugs, and slternative drugs have
0 ba usedes However, the Teaily sfficlent alternative
drugs are highly expeasive, and may w0t bs avatlable foy
many cases t41l their coat s considerably reduceds

Le3¢3+1e LRRDUCIION

The intyoduction of the sulfone 4rugs has no .
doubt marksd a grest advance In the treatment of leprosy,
and they continue $0 be the shest anchoy, and the first
1ine Of treatment in leprosy. However,; Lacause of certain
iimitations, which will be referred to later in this
chapter, the search has continusd for more sffective amd
fast acting drugs against leprosys ALsoy it 13 » great
sdvactege 0 have alternative drugs available, 8o Shat
they may bs used ln cases which 40 aob $0lerate oF banefis
by the suifones or in the suifone Fesistant casese

Zhe eariler method of selevting drugs was based
on gliaisal and Dacterdgloxical findiags in groups of
depromatous casess The findings of Rees and Valentine
{1962}, and Shepard and MeRae (1978) regarding the change
in staining characters of the leprosy dacilli under sffective
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treatmeat provided s rapid method of ascertalning prograss
under treatmect by folloving the changes in Morphological
Indax (MI) f.u4p Dy a fali 1n the propertion of so)idly
Stalalng hneu.it; was & brealdhrough in that evas

with the introduction of mouse~footpad method by
Bhepard, exrorimental chemotherapy came to bo established
and rationality for the use of any drug in leprosy vas
put on a aore precise ground before sxtensive clinieal
trialse Mre adout oxperissntol chemotherapy would be
discussed in Chapter 111, Results on experimental
chemothsrapy have Deen reported by several vorkers. Heve
8 roferente to tha survey of the resuits by Shepsra (19M1),
and a review of the masier by Rllard (3975) 1980) would
put the drugs in leprosy treatmeat io right perapectives

Shepard (1971) made a survey of the drugs studied
by the mouse fOotwped technique by himssll and by otherse
The survey drings out the faot that apart from DS and
DADDS, the most attive drugs are clofaximine, rifsapietn,
sthionamids, and Jong acting suiphonamides. Drugs lile
4soniasid, thiscetasons, thiambutosine, streptomyein and
PAS are less effective and drugs 31ike pyrasinamide,
sthandutal and etisul are inactive.

In the weviews by Rllard (1078} 1980), o has
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eompared the pharsacolegical and basteriological aspects

8f the treatment of leprosy with warions drugs in ¢ tabulay
formy the condensed vorsion of wiich is reproducsd here
(Zable 1)s It is possible to compare Liksly potetcies

¢ the drug 1n clinical treataent by considering the NIC
agalnst YJlebrags their bactericidal activity in mouse N
foct~pad and pharmacological studies in mane The lmportact
PATransters artess s |

a) the ratio of peak serum oF tissue levels achieved
with vell tolerated doses in man 40 the HIL agatost
Kalalzass which s approzimste iudication of therapeutie
margin of the druge o

b) for dactericidal drugs, the likely rapidity and extemt
of bacterial kiliing st the concentrations atteinable
in man, and '

¢) for purely basteriostatic drugs, the Guration efter &
single doae during which body Jevels sxceod the MIC,
since this giws an aprroximgte indication of the
rogularity with vhich suscessive 4oses nsed to bo taksn

if treatment fallure caused by sultiplication of
leprosy bdmcilil between d0ses is to be preventeds

Fron the information givea 4n she table, Bliard
concludes that smongst the bucteriostatic drugs, deapeone



Wioimum inhibitory coneeatrations against Melepras (MiCs), Peak Serum concentrationss

duration 0f coverags and bactericidal activity of antileprosy drugse

ey e S SUSR—

Drug Homen ' %dose  MIC _ Ratio peai® Duration which® Bectericiaa®
& ge abaorbed (ug/mi) serum conec. serum conc activity
~ to MIC exceed MIC{Days)

Dapsone 100 20 0,003 £0C 10 +
Sulphadimethoxine® 1500 90 ieo; 7 4 &
Salphadoxine® 1800 > %0 35 4 14 -
Acedapsone 225 100 0,00F 18 200 -
Rifampicin &00 >90 0.3 S0 3 P
Ciofazinine? 300 <80 - - - -
Thiambutosine 1500 10 008 1 <1 -
Thiocarlide 2000 2 - - <2 -
Thiacetazons - 180 90 042 8 2 -
Ethionamide 376 - 0.06 60 1 -
Frothionamids 3% - 0,08 40 1 o

a t Rgtic of peak serum concentirstions in man after g single dose of ¥Ia@
Cetermined in the mousse
b : .?m cenctg:ntzgx;s in san o,f‘ter a ozguc do«;-i o Gan e £1
c s GQWO< active agalnst H.locprae by conversion to 3008 o3
for and peak serum concemtration refer to the values for dzpmno. sus
4 1 Because of unevan tissue dlstridbution, estimate of NIC 13 not posaible.
# & Crossrealstant with dapsongs :
£ 3 Manufacture discontinueds
g § Purely bacterfestatic (-} & relative degrecs of bactericidal activity
(ey $¢5 +20),
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surpasses all other drugs, that acedapsons (DADDS)
1s the long acting preparation of choice and that rifampicin
1s the only bdactericidal drug ageinst the jeprosy bacillus.
Bomdib; other bacteriostatic drugs, the long acting
sulphonamides, auch Jess adequate levels of antileprosy
activity are attadnable in contraat to those of DIX and
DADDS, and thers 38 oo justification available for their
continued use in the treatsent Of leprosys Ciinicel and
bacteriological svidence sugsests that the potency of
clofasinine is similar t0 that of acedapsong. Regarding
thiamtutosing, thioeariide 'and thinsetasone, it 1s possible
that dacteriostatic concenmtrations of these drugs are not
saintained for more than two days after giving single
doses and thus are the veakest.

Bthionamide and prothionamide would de sxpacted to
show bactericidal activity intermediate bestwesn that
displayed by rifaapicin and DDS, dut this has yet to De
estadiished 1u controlied ciinical trialss

Reference to the drugs,; other than sulfones can
be made under two heads 3 (1) The eariier drugs used before
the precise mtnodi of assessment were availadbles end (11)
the newer drugs used after the introduction of such
precise mathods 1.eey after the advent of experimentel
therapye.



(2) The.sarider.dzush
Search for alternatives to sulfonesy wers mostly

' on the dasis of their antituberenlar activity and somevds
promising resuits wers reported by saveral vorkerss

Of the sarlier drugs used as siternatives to sulf
in the trestment of leprosy, a mention may be made of th
folloving ¢
1) Thincetasons
2) Isonisside
3) Thiourss derivativesy the wost populariy used
one is thiambutosine, Another preparation
vhich has Desn used t0 & limitod extent only
s thiocaritdes

4) Phensszine dys compounds) clofasimine (B 683
Geligy, Lamprens) and B 1912,

8) Long acting suifonamides) sulphamethoxypyrasin

suiphamethoxydiasine and auiphorthoaidines

6) Antibiotics used $a the Srestaent Of tuberewlo|

Cyclossrine, rifaaycl., streptomysin,
oxytebracyeline, kananycins doxycydine,
surecaycin ¢csse : |

9) Other drugs in the treatment of tubereniocsis)

para aming salicylic acid (PAS), pyrasinamide,
sthionamide, prothionaaide and thiol compounds
sspecially etisn) (etiple
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8) Miscellsnecus} NMsthimasole ~ Taposole Lily, a
thyroid depressanmt drug and vadrine ~ an
oxidianoiine compounds

Judged by the nbuse foot-pad methnd, of the esrliier
drugs, only clofasimine has beon found to be very effective.
long acting suiphonemides, although active,; have been
found to have MIC glose to toxic blood levels 4a mans Of
the nevw drugs, two have beon found $0 be very effective;
these are rifampicin and ethionamide, the latter
produsiag frequeat gastio~intestinal dlstress in sane
( Internationsl Laproay Congress, Bergeny 1973 ade

At the Interastional Leprosy ﬂawua. Bergen
(1973 b), the Coamfttee on Therary recomanended clofasimine
and rifampicine R further stated *Thiambutoaines,
streptomyein and thiasenicarbasone {thiacetasons) are
less affective actsriostatio drugs, snd ars therefore
used less frsquentiys Long acting suiphonamides are
reported to have given good rasults By some leprologlsts,
dut Decause of its toxis effects; the Committes has
stressed the 'néed of csution 4n mass umiy oampaigas

Thue in addition to DI8 and DADD3, the two drugs
that claim serious asteation are ciofssimine and rifaspiesn,
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used alone Or in cozbination with other drugse Rthionamide
45 also a more promiadug dyrug Lor the years to comes %
has & high bacterioidal sctivity = only surpassed by
rifanpicing but more clinical data 1s awalted for it to

be used on & mass scales In sase Of aulti~drug therapy,
howevery drugs like thiasbutosine, thiscetasoney Seonisstde
taess San Play an important roles |

130342, RIBVPICIR (mftm' Rifampin)

Rifanpicin 1a a semi-synthetic derivative of
Rifamycin = an antibiotie obdtained from ftrovtonyoss

Rifampiein Snhibits the growvth of most gram positive
bacteria a8 well as many gras negative organisme (Atlas and
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Turck, 19683 Xunin gk aley 1969)s Rifampioin fs bactericidsl
for Mudubsrcuioads da-witze and in=xiwn (Verbist and
Gyselen, 196Bj Lorisn and Finland, 1969) and Molepras
infectSons in mice and ciinical tratis in man (Ress gk ales
10703 Shepard, 1971) Shepard gh al-» 1NT2 3} 1972 g 1974y
Pattym st ales 19741 Bolues and Hilson, 1072) Hileon g 2l
1971)s Rifampicin inhidits DIA = depsndent RA poiymesrase
of mycobsoteria and other microorganisms, leading to
suppression of initiation of chain formation (but not ehain
siongation) in RNA symthesis (Xonod ghales 1973) leading
to bacteriofdal activity.

Over the years, rifampicin $» used t0 & Jiaited
sxtent in leprosy because of 4ts high cost aod 1imited
avallsdbiiftys ZIhis dyug 3s indicated (Inte Leprs Congles
Bergeny 1973 B) when 4t is isportant o reader patients
non fafectious as rapidly as possible, 4n combdination
therapy (with DD8) for prevention of resistance (Puters
h.Aley 1978}, in treatment Of cases siresdy resistant
to other arugs (eege,DD8) (Ress ghales 1976) and concuwrent
presance of leprosy and tuberculoais (Languillen, 1973},
Although this drug 4s 8o far the most potent against
MJapras, results of the long term treatment with the drug

are 5ot very promising (Rees, 1978} Leiker, 10753 Oelber,
1976),

Yarious aspects of metadoliism of rifampicin have
becn studied (Cohn, 1969) Fure ss,; 10703 Jenune and Beggs,



10783 Radner 19735 Dickinson gh ales 1974)« Tho oral
aduinistration of rifampicin produses a peak plasm
concentration in 2 to 4 hourss Aminosalicylic acid delays
S$ts absorption (Radner, 1973)s Tolloving absorption fyom
the gastrointestinal tractyit is quickly excreted through
the bdiliary route, thus requiring freyuent admianietrstion
(Naberde ghaley 19684 Dickinson gk ales 1978)s The haif
Jife of rifampicin varies from 1«5 to & hours.

Rifempicin is distributed throughont the ody and
48 presemt in effective concemtyations in many organs.
and body finids includi.g ceredrospinal fluld. (Sippel
K.aley 1974)s The drug fmparts an orangesred colour o
the urine, feces, saliva; sputum, tears and swests
patients should be 30 varneds Rifaupicin also panetrates
fnto phagooytic cells and Xills microorgacisus that survive
in the intracellular envivonmant .

Rifampicin 1s fully active against dapsone-rvesistant
straios (Rees gt gley 19705 10768) but 1t Soterferes with the
dapsons metaboliss and reduces the levels of Jarsone in
the body (Geiber gt aley Y9784 Gelbor and Rees, 19754
Peters gt alss 1978)e Yoy this reazon (as aloo 1ts high
cost) 153 use should 0ot De prolongeds ZThers are presently
0o clinleal data tO0 support the supsriority of cosmbinatioen



therapy vith rifampicin and dapsone over that with dapsons
alones Bvary species of basterium, including Haladras
against whioch yifaspicin was exployed has devsloped strains
resistant to the antidbiotde (Stottmeldery 1976) Jacobson and
Hastings, 1976)e She probies of bDacterial 'persistance’

13 aleo moticed during treatment vith this drug (Rees,
19753 Gelbery 1976)s Drugesensitive percisters have been
isclated after condbined treataent with dapsone plus
rifamptin (Geldber gt ales 197700 |

Rifanpicin on the whole i3 well tolerated, although
the occurrence of pruritus, hasdache, gastraigia, gastrie
disturbances of moderate degres, photosensitisation have
been reportsd. Intermittant higher doses of rifasriein
has baon asaociated with freguent and more adverss rssctions
(Aquinas gt alsy 1972) fucludiug fluelike syndrome and
thrombocytopenia (Pujet gt ales 1974)« The most uotable
probiem 4s the dsvelopment of JauadSce (Scheuer st ales 1974)
- aspeclally during idver dazage and hepatorenal syadroms
(Ryon gt aley 1974)s The more serious side effects sueh
as shrombocytopsnisy trausieat Jeulepeniay purpuray haseolysis
hemoglobimria, hematuris, resal insufficiency and acite
rensl fallure are fortunstely ¥ares And extensive Peview
of advarse reactions $0 Pifampiin sppesred recently
(Giriing and Hitge, 1980),

In tuberculosis, potertially serious side effects
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were caused (Aquinas gk gles 1972) by the formation of
antibodies to rifsmpiein and the possidility of similar
affects 4n leprosy cannot be ruled oute ZThe incide.ce
of Bill. has generaliy deen slightly higher with rifampicin
therapy (Pattyn gh ales 1975) although mot statistioally
significant «

1434943, CIOPALINYIE (B, 863, Oetgyy Lawprene)

Clofszimine (B, 663) s a riminophenasine derivative,
one of the entirely nev series of antimysobacterisl drugs,
vhich has showed antitubsreulosis activity both {n-vitrg
as well a8 in experimental animals (Darry gt aley 1967) tut
oot in lafectdons in mas (Browne gk ades 1881).

Clofasinine

B=1012, a nev ansiogue of B 663 (Barry, 1073) is
gheaper and has the same activity as P 663 apgainst a vide
rangs of mycobacteria {Shepard af ales 1972), Unfortun ately



3% ha# nov been shown regularly to produce abortion in
alce (Morrison, 1979) and vill not be wasufactureds

Ciofazinine has & two fold activity = antibaaterisl
and aoti-inflammatorys Although the mmltiplication of
Maanras is prevented by olofazimine (Shepard and Changy
1964) at 0.0000% (3hepard, 1969 a)y 4ts MIC cannot be
estimated Decause of the marked acousuiation of the drug
by rediculo=sndothalial oesils (Conadty gh.ales 1971) and
for the sams Tessony $ts mode of ection (basteriostatie
oy bactericidal) cannot be decidedy sithough Hilson and
Banerjes (1974)) report a alov bactericidal activity.

The mode of action of clofasinmine may be by Lnhibition of
the template funstion of DHA by binding to it (Morrison
and ¥Marley, 1976)s Clofasimine vas f£irst reported to de
active fa LL patients dy Browne snd Hogerses) (1982 uj
1982 B) and since then various reports, including a recent
extensive trial (Browne gt ales 1981) Rave confirmed the
resultss The therspeutic response odtained vith dally
- doses of 200-300 mge &8 similar to that scheived with
dapsone (Fattit and Hees, 1006) Pettit,; Rees and Ridley,
1967} Levy, Shepard and Fasal, 1972)s Intermfttent
olofasimine treatsment 48 highly successful in sice (Ghepard
a.ake 1971}, but resuits in man have Desn disappointing
(Usie Leprosy Paned/lecnard Wood Neworisl, 1972)e

Togethar vith anti~leprotic activity, this drug
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also possesses a strong anti-infiammatory activity (Drowne,
18663 1966), It alds the coutrol Of erythesa nodosum
lsprosum (Hastings and Trautman, 1968y Xavat a2t aley 19704
Belmy, Pearson and Waters, 1972) aad has been reported

to have beneficlal effects 1o the Ltreatmsnt 0f reversal
(upgrading) reactions and neuritis io borderiine {dimerphous)
foras of jeprosye (Pfalsagratf, 197823 Schmits, 1971)e

The pharmacology of clofasimine in Both mouse end
‘man appears couplex (Banerjee gt ales 1974} Levy, 1074).
On oral administrstion £0S of the orystalline substance
and about 50f of the micronised sudsteance is absorded,
but the exact mode of absorption &s not cleays The dvug
slovly pasaes into the biood strean and an average dlrood
level of 185 ng/ul fv seen vith & 500 mge dally Goses
After adsorption, th#dm passes dato the werious organs
and 1s stored in the reticulo~endothelial ¢ells and maoro~
phages in these organss Mansfield (1974), Desikan and
Balakrishnan, 1976 and Balskrishnan gt sli-f1978)y found
clofasimiae ia all organs except btraine Zhe aites wvhede
ths 4drug accusnlates, apart from the skiaoy are subcutsneons
fat, adrenais, heart, iiver, ungs, iymph codesy small
intestines, kidneys; pancreas and splesss. Bxaretion of
this drug s very alov and only small apounts ars excyeted
unchanged partly through the kidney and pmzr through
tha sebacedus and swest glands.
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Yarious publications give a detalled atcount of
side effects and toxic manifestaticns of this drugs ,
(Hastiogs gh.ales 19763 Jopiing, 1076) Reom end lyer, 10784
Piock and Leiker; 1976) which are mostly due to the
acoumulation of the drug in the skin, mucous memdranes
and internsl organse A major side effact is the reddishe
brovn or blackish pigsentation of the sking which may
be very distreasing to light skinned individual (Levy and
Randall, 19703 Browne, 1985 a)s Conjunctiva also shares
the pigmentation of the sking and there may be red colouration
of urine, stoolss sputus and sveat. HNany type of gastroe
intestinal manifestations are alsc seene The usual ones
are 4yspapsis, nauses, vomiting, loas of appetite, 10as
of weight, epigastric pain, colicky pain fa adiomen,
eonssipation and diarrhoene Occassionaliy those ayaptons
may be severs and siofaszimine aay have to be discontinued
(Atkinwon gh alsy 19673 Schuls, 10713 Keraty 1975s
Bergeyak gt aley 1980)¢ Bosinoephllis enteritis has aleo
been desoridbed as an adverse resction of this drug (Mason
B.adey 1977},

Besause of 1ts high costy its alower action than
dapsone and 1ts various side effects, 1t canmot be used
as & basie &rug, but its combination of mti-lnnm”
action and antisleprosy activity places 1% in a wniqus
position amongst the drugs awvailable for treatzent of leprosy.
The main indications for the use of clofaziaine are
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a) Patients intolerant to dapsones Clofasimine offers s
sesond line of trestaent as its activity 1s found comparable
to dapsones |

b) Reactive states in leprosys

¢) Dapsone resistant casos, a3 coufirmed by several workers
(Lovy gh.ales 19728 Taylor and Alexander, 1976).

47 Heuritis;

Uafortunstely, there 4s oov some evidsace regarding
the possibility of the development of clofaszimine
resistant strains of Malsras (Browne and Hogerseil, 1963 o}
Theophilusy 1976)« Persisters can also be 1s0lsted after
many years of contimous ciofesimine trestuent (Watersy1977).

Pehionanide (wethyl thioisonicotinanide) and more
recent prothfonanide {<~propyl thicisonicotinamide) ave
both congeners of thioisonicotinamide

&Nf CSNHy
2H5 @ 63H7

N

Bthionanide Prothicnasids
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Coiston gt ale (1978) have shown the high Dacterieidal
activity of btoth the compounds, only surpassed by
rifaspleins PFProthionsaide, a compound simllar 0 ethionamide,
was fouzd to be as active as ethionamide against M.lavras '
(Coyston gh.ales 1978) and better tolerated fn amsn (Pex
at.ales 19693 British Tubsroulosis Assoolation, 199B).
Zhe antileprotio activity of sthionamide in mice has bean
studied by Shepard (1960 ay D 1976) wheress protitonsside
has beea studied by Colston ghale {1978 &) and Pattyn
(1978) and shelr MIJsy are about 0406 up/mle Thewe drugs
probably act by inhibiting the Sacorporation of sulfur
containing emimoacids (Teulnsura st aley 19640,

Both ethionamide snd prothionamide havs deen uped
0 & very limited extexnt in leprosys They are mostly used
along with other drugs, for if used plone rasistance
develops 4n about six months (Besgina, 1068}, Strains of
Kalabzas exhibit cyosseresistance detwesn ethionanide,
prothionamide, thiscetasons and thiambutosine (Pattyn and
Colston, 1078)y tut ere not crosseresistant with dapsone
or rifaupioin. (Rees, 1067 a)s Although reports of
cldnicsl triads with sthionanide are availabtle (Fiouch
ah.ales 1966} Braginaey 1988) those 0f prothionanide are
st42) awaiteds |

On oral adataistration, thess drugs Peach a Peak
serum conosutyation 4n atout 3 hourss The dvugs have a
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short half-iife (Oray ghader 1962)e Bthionanide is rapidly
and videly distriduted) the concentrations in the Blood

and various organs are approximately equsls Significant
concentrations are presest in ceredrospinal fiuid (Hughes
2520 ¢y 1962)s Less than 1§ 0f the drug is excrsted in
active from in the urine along with various other metabolites.

The aost comron rsacticas to ethionsmide are
andrexiay nsuses; vomiting, Severs postural hAypotsasfon,
mental depressiony 4drovsiness and sstheals afe comnone
Other reactions of neyvous systea fnolude olfactory
disturbances, blurred vision, diplopia, dissiness, restle~
saness and trexorss Gevers allergic skin reactions,
purpura, stomatitis, gynecomastia, fapotence, menorrhagia,
aone and alopecis and soute rhumatic symptoms have been
aoteds Hepatitis has becn reported in 5§ of the dases
(Mandel) and Sande, 1080), Prothionamide alsc has similay
toxic effects, tut probably less frsjuently than
sthionanide,

Both ,mmmm and sthionamide form the second
Jine of drugs 1o the treatment of ieprosys Shey have to be
used 1o conjugation with other drugs LnOrder (o restrict
ths posibility of drug resiatant strains developinge
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1s3e348¢ THIACRIAZOGE (2Bels Amithiazone, Thiosemicarbasons)

0f the series of thiosemdcarbagones synthesised
(Domagk g aley 1948), thiacetasone (4~scetylaamino
bensaldehyde thiosemicarbasone) was the most effective as
tuberculostatic agete

—C—HN H=N—NH~C—NH
M @ no

o S
Thiscatanone

Ryrie (1950} First shoved the chemotherapsutie
activity of this drug 4n leprosy and later studied
extensively by lowe (1952 5, 1083, 1984, 1184 a) and othey
workerss I was considered to de a good nt‘ormttfm in
cases intolerant $0 DD3, and had some additional beaeficiel
sffeat On neurological sysptomss IU also appears to sxert
& greater offect on the tuberculoid than on lepromstous
forms of the diseases The Comaittes on Therapy of
Interastional Leprosy Congrass, Tokyo (1068) reported "the
relapses are rars in patients vho have besn treated with
alternats ocourses of DIS and thiosmmicarbasonse*®

In experimental leprosy (Colston and Hilson, 1976),
the NIC of TB«1 is found to bs 0.3 p:/ll; $0 1,0 )u/ux and
Rees (1968) has shown that D3 resistant strains are
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sensitive to thiacetasone (thismbutosine and clofasiaine).

ihlacetazone §s well abaordad from the
gastrodntestioal tract and large amounis are excreted
in the urine (Robson snd Suliivan, 1963).

The most common untowvard effects of thisvetassne
sre anorexis, nausea and vomitings 7The drug msay depress
bone marrow function, resmiting in ancemise Leukopenia
and agranuloeytosis cccure Skin rashes and aldusimiria
may also ocours, The high incidence of jaundioe in
patients suggest that it 1s nephrotoxic,

‘ Generally, thiacetasone can be subatituted for .
sulfones; vhen the latier; fOr s0me reason caniot be

adainistered

Thismbutosine {Cibe 1906) pebutosywp' = diasthyl
sainodiphenyl-thiourea)y thiocaritds (Isosyly p,p* »
44i soanyloxysdiphenyl=thioureal, s nuuber of other
dsphenylthioureas have Beon shown to prevant the
mltipiication of MJlavrag in mouse. (Colston and Hilson,
10765 Rees, 19673 Shepard; 19713 Hilason, Banerjes and
Holmes, 1971).



Various ciindeal triale (Doull st.ales 1961}

Davey, 1968y Davey and Currie, 1966§ Griffiths, 1968) show
that these drugs are not as effective as ID3y nor are they
fres from side effects. BSome DS sansitive cases avs
sensitive to these drugs (thiasbdutosing) and cowhined

DD3 and DF? treatsment does not produce better vesults
than thoss produced by either drug alones Drug resistance
develops after Zvd years (Davey, 1968),

These drugs have bean found to be bacterfostatic
{Shepard, "1'91"1) and cyoss resistacce is shown by these
drugs (Rees, 1967 a3 1967 ). Rees (1963) has shown that
DD3 pesistant strains arc ssusitive to thess drugs snd
vice versae

On oral sdatoistration doth thiasbitosine and |
thiocaridde are poorly absorded (108 snd 6 respectively)
(E11ard, 1978) Ellard and Haylors 39€1)s

Although thioearlide had not been popularly
adopted, as against thiambutosine vhich had been widely
used, doth have given way to the never drugs 1ike

| clofasinine, etos

1363474

Geveral) groups of leong acting sulfonasides have



been tried in the treatment of leprosys ZThe most

commonly used ones being § ,
a) Sulphamethoxypyrasine (Sulphamethoxypyridasing)
b) Sulphadimethoxine (Suilphamethoxydiasine)
¢) Sulphorthomidine (Sulphermethoxine, Sulphadoxine)

Langudilon (19893 1971) veported on satisfactory
chemotherapy with various long aoting sulfonamides fncluding
the above mentiorad ones. Opromolla (1971) conelnded
'tm although the Longoieting sulfonanides vere affective,
nons was superioy to DDSe This was confirmed in mousee
footepad model but the minfmum inhibitory concentrations
of these compounds appear close to tozic blood jevels.
(Xllard gh.adey 1970)s These compounds are inactive
against dapsonseresistant strains (Adams and Vaters,

1966} Recs, 19:8)e DBesides, since these compounds are
considerably more expensive than dapsone, thelr contimued
use in the treatment of leprosy remains unjustified.

1,844 MUZISDAUG THERAPX

As in the case of tuberculosis and other mycobacterial
disesses, thore 1% a great need fOr use of wulti-drug
therapy in loprosy for the treataent of miltiebaciliary
(LL and BL) casess ZThis need hardly arises in pausie
bacillary non=lepromatous ¢ases, and this kind of -
therapy 4s therefore not indicsted in non=lepromatous
Cases,
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"Although dapsons is very effective in the treatment
of leprosy, because of the limitstions, discussed defoye,
it cannot be cajled on 1deal drug and recourse has to de
made $0 multi-drug thorapys

There are thres main reasons for the use of multie
drug therapy in miti~baciliary leproay pationtss These
are &

()  Prevontion of develdopment of drug resistance
during mond therapy)
- (41) %o suocesafully desl with the qunuon of persistance
of viadle bacilll atill seasitive to the drug,
after trostment with the drug for long periodse

Zhe drug resistance and persistance of the
bacilil are the two factors responsitils for relapses of
the dissase fin varying percentage of cases after
discontinuation of treatmant,

(121) A third sdvantage Of muitiedrug therapy is that
olinica) faprovemsnt and deoteriological clsarance
" may be quicker with the combination of dvugs than
vith monstherapy even with potent antis-leprosy
drugs 1ike dapsons and rifampicine Howewer, this
s Alspuieds
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The axtensive iiterature on this subject Iz beyond
the scope of this theais; suffice to say that the multi-drug
therapy, besides boing highly effectiwve, should also de
cheap endugh for mass treatmont of lavge nusder of pationts
of the developing countyiess Haturaliy,; dapsone has to de
one of the constituents 4n such therapy together with &
bactericidsl drug like rifampioin or sthionsmides

leds THERRCRISH

Before setting out for the search of new drugs one
should necessarily snalyse the problems with the existing
drugse With this wratlionsl) 2t was folt ncesssary to highlight
the prodloms that exist with the present dattory of drugse
for leprosy, before the Jookwout for nev drugss The two
major problens noticed with the anti=leprosy drugs aww ¢
the problem of "Drug resistance® and the prodles of
*Persistent MulaREA" Which have been desorided before in
this shapter as vesponsible Lor treatment fallures and
relapse in leprosy (Levy, 1976 ale A pood discussion of
thess prohlens §s oow avalladle. (l“rnrhnm 19783 1978 ay
Wolde Hithe Orge, 1982),

Dxug realatancs

As has been mentioned before in this chapter,
Mulahxan has Deen shown to develop resistance $0 almost
all the drugs used in the traatment of lepreay. All the
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primary drugs inciuding dapsone (Pattls gl aley 1008),
rifanpioin (Facobson and Hastings, 1976) and clofasimine
{Byouns and Hogermell, 1962 ¢) have developsd resistamt
strainse The probles of resistance is on the increass and
ne time should be lost to combat this prodles or thess

drugs wvill soon De ocbsoletes Whereus come drugs 1iks dapsone
take years to develop resistance, other drugs 1ike
thiambutosine, develop resistance within a matter of

mnths, ‘ |

Amongst all the drugs, dapsons takes _thn dongest
time to dewelop resistance and that 300 is st aepwise 1ike
for examplesss £ MulOLZAR a¥e Yesistent against dapsong
% a dosage of O«) myp/kg Dody weighty they are still
sensitive t0 1 mg/Mge

The prodlen of bactarial persistance in leprosy
has Desn revieved in s recent article (Tomen, 1981),
Bacterial persistance s s phenomenon commonly defined
as the capabllity of the microorganisms to sureive in the
host despite adequate mforyobial treatment and this
phenvmenon in leprosy has been Father pecently observed
in small mumber of patients wnder prolonged ahcmmm
(Waters gt aley lml Russell S5 Al+s 19764 Rees gk ales
19765 Pattyn gh aley 1978)s The fact that viatle, drug
suscePtibie MolaRras could be found after years of
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treatment vith dapsone, clofasimine, rifaspicin, and )
thisabutosine has been taken a8 evidense that none of these
drugs 1s cepadle of eradicating the viabls erganisms frem
the Dody of patisnts with mltidaciliary leprosye.

 Persisters cenrot iv directly imxma in e
Yacterfal population) thedr presence may only be inferred.
Persistance 1s probably induced by factors unfavourslle to
miltiplication Or those that inhidbit beoterial metadoliism
such a8 aging and orowded bacterial populations, oid
‘aserotic lesionsy aparsely vascularised sites vith lov
oxygen tension (pOp) snd intracellular 1ocations within
masrophages wvhere PH &8 acids Pavsisters ave cells that
are capable of adapting to such adverse condition by
reduoing thelir motabolism to mintome They mey resain
in this stata fOr some time} & proportion of them dies
but some cells may regain norwsl metadolism and smitiply
as & normal organismss

le4ade BRAIQND

Reasons for drug resistauce could be manys Many &
timey the resistance sy be due to the fallure of the patiens
t0 taks adequate dose of an effective drug regularly (Byowne,
1980}, dut the meconnise of resistance development may be
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varied (Frankiin and Gnovy 1978)« Although this mechaniss
of reaistance development is underssocd for some anti-leprosy
drugs; e«ge microbial resistance to rifempicin 4s due to

an alteratlon of the target Of this drug « D4 = depeades
Rild polymerass (48 Mauro gh ales 1US9)y that £OF Gther
drugs Jike dapsone s st811 0ot cleare Iasteaces of
organisas developiag resistance by pubting up a
permeability barrier are Inown (Franiiin sng Snow, 1975),

I 4s nov aleo known that DDS dces nt penvivate Molstras
0 any appreciable mm (Prathakaran .40 10831),

Could this then bs the reastn for dapsone resistancs ¥

The probles of 'bhasterfal persistance! could aleo
mean that the entileprosy drugs & not penetrate desp into
nerves vhich hardour the Muasras (Xahn and Scett, 1974)
ey they are not taken in by the organism (Waters gt ale
1978)¢ In shesp aud dogs fad with dapsons or rifaspiclin,
the drugs can Do traced in extracts of exsanguinated sciatic
nerve (Allen g ndey 1978) and DIS is also ebown to yeadlly
peastyaie the nerves in man (Peters gt alss 1978 o), DR
in a recert study- (Bodaioguis end s’m:. 1981)y the
authors state; that thers seens %o bs a hicod-narve
barrier in perspheral (scistic) nerves in mice with sdvanced
lepresy nsuropathys This darrier prevants markers given
fntravencusly from psnetyating decp Sato the endonexrisums

Althwugh in mice vith vary severs lepmsy nsuropathy this



barrier is defective; alloving leainge ©f protein sariers
dnp iato the sndoneurium and tnto the baoillated macrophuges
docated thers, the markers wers not sesn in schvann eslls
10aded vith Bacilids On the dasis of the above results
the suthors sugrest, that since intact Vlcod-nervesderriers
can prevent psastration of protelins, antivlsprosy drugs
which cosbine with flassa proteians might alsv be prevented
from entering the endoneurius, uniess the drug protein
complex i3 Yroksn downe Gesondly, extrapolation $0 man

of sxperiments in mice sugrests that sven i3 patients with
a leaking barriery the schwman cell will escaps psnetyation
by foreign substauces thus lesaving Molapzas within schwann
0elis wnaffected by therarys Ib may Deectioued here that
the preferential sites of lodging of MalaBEag are nerves
and schwann calls 0f wiyelinated fitres bssides smooth
(dartos) wuscie and siviated musclee

Zhese o0uld Do some of the reasons f0F the prodliems
with the present drugs a8 described before.

Although the newsy druge are found to be active
against leproay, none has deent found to be Letter than
sulfoness 4iscovered almost 30 years agos Zhs treatment
of the discase 1s still far fyom satisfactory and oombined
therapy has to Ds resorted tos GSearch aontinues, therefore,
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barrier s defective; allowing leaimge 0f protein markers
d'up ioto the snfdoneurium and 1nto the bacillated macrophages
1ocated thers, the markers wers ot Sesn fn schvams eslls
1oaded vith Bacilils On the basls of the above results
the suthors sugrest, that since intack UYlood-nervasdarriers
can prevent panetrstion of proteings anti-leprosy drugs
vhich comdine with flasms proteins might also be prevented
from entoring the endoneurius, wnless the drug protein
complex is troksn downe Secondly, extrapolation $0 man

of sxperiments in mice sugcests that sven i3 patients with
a leaking barricry the sciaenn oell vill escaps penetration
by foreign substances thus leaving Nalapzas within sobwann
calls waaffected by thevapye It may deSectioned here thas
the prefersatial sites of Jodging of MalahZas are nerves
and schwann calls of unkyelinated fibres bssides smooth
(dartos} muscie and ss¥iated muscles

Zhese 0ould be somp of the reasons 197 the prohiems
with the present drugs as descyribed befors.

Although the newey drugs sre found ¢o be sctive
against leprosy, none has deen found to be better then
sulfoness discovered almost 30 years 4gos The treatment
of the discase is still far from satisfactory and combined
therapy has t0 De resorted to. GSearch aontinues, tharefore,
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for wore effective and fast acting drugse

In the search for new 4rugs there are dasisally
two approaches. '

a) Chemical wodification Of sxisting drugs.
b) Gynthesis of totally new types of drgs,

Yarious chemical sodifications of the existing
anti=leprotic drugs have been attespted; dut with ifttle
successe Zhe only notable drug sy:thesised on this
principal whieh has proved to be of some use is the
DADDS, & repository preparation of dapsone (heperd, 19e7
Shepard ghi.alss 1968)¢ Even this drug s not dDetter than
DIG, excePt that DADIS provides a neans of Jong futervel
intermittant treatment (Russel gt aley 197806

B 1912, a synthetic nev abinlogue of P s
(elofaxiuine) &s aleo reporteds This compound 13 easiey
t0 synthesise and therefore chesper to male (Berry, 1973).
Nork 4s also widerway on wore struotural ansiogs of clofasiming
{Levy, 19011 Lepr. Reve, 1981), chaulmoogric (Levy, 1078)
and long acting rifanpioin analogs (Pattyn and Saerens,
1977} Of these the rifampioin analugs appear the most
promising for further fovestigation. |

Inwpite of the great amount of work delng dos on
this line, a miceess in the nesr future is doubtful singe
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4t 13 a4Cficuls 10 come acToss & drug better 0F squivalent
3a activity to DD3 and of Jower coat t0 Do used for mass
treatmeat e

Zhe syothesis ©f new structures 4s a such more
41£74cuds approach, especially vhen quick methods of
screening theiy activity are iaeking} as in the osne of

leprosys The only Jan=viws method (foot«pad mathod)
| availabdle takes months to give results. This c2ould be s
frustrating experience for toth the chemist and the
phamasologists Since the dntroduction of sulfones in
the treatment of leprosy vas dased on $ts antituberculay
activity, in the search for Datter drugs attention has
besis directed mostly 0 the drugs found effective in
tubsyoulostiss Mowy one has o 100k f02 nav Jeadseres One
oould scresn potsnt nonestereidal anti~infiammiory drugs
for antileprotio activitys Zhe rational deing that quite
a fov affective drugs in use agalust leprasy possens
anti-Anflamuatory activity esge dapsons and clofasiming
(01ahoh ahadss 1970)e Tllorone hydrochloride, a mone
sterioldal antieinflsmmatory agent (Yord & ale 1978)
18 an interesting example of one such drug shown to
possess antileprotic sctivity (levy ghals 190M), a1
the samey it would be wrong to make any gensralisation,
as affective antisieprosy drugs could coms from othey
elasses as vell esfs, dlhydrofolate veductase inhibitors



(Oelber and Levy, 1976), antithyroid compounds (Levy snd
Anandan, 19785 lLevy and Ullamsnn, 1978), interferon
inducers (Lewy gh.ales 1978)s Thus, Af the seareh for
sevw antileprotic drugs »ould rot ds a work of Sisyphus,
one has t0 have & vational besis of designing nev drugs.

The designing of nev drugs could have Bean sasfewy
42 the blochemistry Of the disease process or the metabolle
pattern Of the causstive Organism was kacwns Agonts could
be designed which couid specifically correct a particulay
altersd processs Similarly, in the case of %MW;
agents could be desigued or kuowa effective hiookers could
Do tapped which could spacifically interfere with some
sssential metaboila step Of the parasite ooly, withous
affectiog the host (Hitys Ansnd, 1978)s Unfortunatelys

our knowledge about biochemical Processes; st the
moleoular level in leprosy, 4s still not developsd t0O the
sxtent that drugs ooudd de desipned with sufficient
precisions Only a few studies have been sondugted to
slucidate different biochemioal pathwways prasent in the
organism (Prathakaran, 19673 Prabhalsran and Byaganes, 1982),
Ons of the reasons for the lack of studles in this fleld

in the inability to cultivate X lapras 4o an artificial
medium,

Shus the search Lo¥ new drugsy resethiss the hunt
for the needls in a hay-stacks iHowever, one may be the
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happy man who strikes ail &n his back gardens % 19
understandable, therefors, that one ahould look for another
appresachs '

1s6sle

As has been mentioned earlier, DDS s the main
weapon in the fight against Mlapras infection, in many
countries, inoiuding Indta, with high foeidsnce Of the
disenses

| Hov, fears have Decn expressed thet the usefuiness
of this weapon might De lost forevers As stated euriier,
straine of Malattag resistamt $0 DDS have emarged in
gifferent parts of the wrlds and is on an iacrease
(Browne, 1980)¢ Besides, there ia the probles of
"perasisters® vhich account for relspse in many tases of
1eprosy (Toman, 1781).

The adove mentioned problems could well be the
result of dnavallability of the drug at the site of
1odging of Ydapzag or the fallure of the drug t0 parmeate
the ¢all) membrane of the organisme The later hypothesis
s very recently proved 10 de $rus by Prabhakaran st ale
(1881), who have shown that DIG does nob peastrate
Halanzaa to any appreciablio extante

This 1» not an wsnsial featurss Many therapeutie
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agents are inoffective besauss of the fallure 0f the sctive
avlecules to permeats the coll menbranes and cases Of
bacteria are known which develop resistance to drags by -
forming s permeabdility darrier (Franiiin and Spow, 1975).

Attanpts 10 Overcoms these ﬁmum faciude
modification vith lipophilie groupsy atiachesst £O maoyoe
mlecules and snirapment in the liposomese Another
sppyoach eaploys the activs transpert systems to hring
poteantislly cytotoxie drugs 4ato the cellse The advartage
of this aprroach £s that 4 can Pesult 4o & 100« to 1000w
fold concemtyation of the toxie ageat inside the cells

An approach to the development of nev &rugs oy
leprosy, or improving the efficacy of the existing ones;
that exploits normal metabolic processes as a means of
selectively deiivering toxie agents 1nto the Macterial
aell 13 pyoposed in this thesis.

Aninoeacids coupled £0 the DI avlecule tO appear
a8 a peptide act as discriminatiog drug carriers
selectively permeating she target cells Mulalrage Once
inside the sells aormal metabolism could either result
4a the ralease of the drug which is toxic to the eell o@
the drug-amino-acid complex itself could interfere with
the normal metaboiiss 0f the cells Making an actibecterial
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agest t0 pormsate its target organisams should enhance its
sffeotivencas (Oregorisdis, 1979}, |

1e8¢ RICISGION

X is conoluded; that the treatmet Of leprosy, 1s
far from satisfactory and thers L2 a nesd fOr nev drugs
with better activitys Bven DS, whioh t£1] this dite had
beent the shewt anchor in leprosy trestment 4 facing
Ainitations of “pesistance™ and “persistance® which may
be due to poor penetration of OIS 4n the causative
organism, Nalonkage

Subdsequant chapters prasent the work &one a8 an
attendt t0 Overcoms the problefss

¢
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2. JEIRODIGRICH

A major obstacle to the suceessful use of drugs in
medicine 4s their failure t0 perfors in the living anim)
as vell as they do 4o-yitxge Betwesn the site of
aduioistration of a drug and its site of action etand
mletulesy cellsy mestranes and organs which must be
Yypassed or traverseds Most drugsy hovever; are toxie
to normal tissuesy have limited oF 0O access Lo the turget,
oF are prematurely inactivated or sxoreteds Antivieprosy
drugs are 0o exseptions Nany theradeutic agents are
ineffective Decsuse of the fallure of the active molecule
to permeate the cell membrane O reach its target,

Atteupts to overcome this prodlem include modification

with 1ipofiile groups, or Dy the uss of carrier syctems
(Omegoriadis, 19775 1979 deDuve gh ales 1974) Trout, 1978),

A variation of the latter aprroach employs the activs transport
systems to potentially deliver oytotoxia dyugs into the

eolle The adwvactage Of this upproach is that it can resuit

in a 100« to 1000» fold concentration of the taxic agent
inside the calle

In the recent ysars thers is s groviag optimtem
that problems or difficulties with a drug can be sivcumverted
by the use of aarrier systens that will protect the
savironment from the drug thoy carry (and vicesversa) and
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at the same time guide them $0 whers they are needed or
facilitate thedr release theres In a typical targeting
sequel the drug-carrier unit would preserve its integrity,
avold interception by normal cells, penetrate interposing
iu’brama. and selectively recognlss and associate with
the target. This should then facllitate both the reloase
of the drug from its carrier and disposal of the carrier
(Gregoriadis, 1977).

| In the following pages an attempt 0 .synthesise
such drug-oarrier units 1s described with a view to
circumvent the problems faced with the drug in question,
as mentioned in the previous chapter.

In the past soms of the molecular biologists had
hoped that they would be ablv to synthesise new nseful
compounds ac28rding to their needss But the Lidea, that
dfug cannot only ente® the cell iun passive diffusion dut
they should be taken up by an active transport system op
facilitated diffusion although may be t.qg rewlutionary,
is still true (Table @ 2)(:.
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aabla tli
| .t |

Sideromyoins # . sldevanin transport systen

albtonyein {grisein)

ferrimyein

A 22768

suceinimyein
Sripaptides o oligopetids transport system

phosphinothrictne |

alavals

1~(80-phosphono) o

asthionineedegulfoxinyle

alaalae

sluabenycin B ‘
dipeptides - dipeptide transport system

bacdlysin
D-sycloserin D=alanine transpors systen
oo e

RO SenGvphp aPhat
showdonysin eytidine transport system
streptosotocin PRP~gugarephesphot ransferase
mﬁzﬁwﬁﬁg‘" for

nediriayota STstens purt speciFis for siucons
streptonycin polysmine transport system

(&&h&?’ 1680)
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The basterial call 4oss rOt posvess specia) S¥ansport
systems for drugss The drugs are appropriating some of
the sxisting systems for substrate transports In some
cases it has Dean possidle to Ldentily the substrate
tranaport systes vhich is taken over by s certain group
of 4drugse Thus 1f we know of a substrate transport systes
for a particular substrate, it should be possidle to
dasign nev drugs, Or to modify a known Anhibitor 4n such
& vay that the inhibitor ocan snter a larger spectrus of
bacteria o accumuate 4o thelr celis, which leads to s
nigher activity (Zashoer, 1980),

A new drug designoed dy this hypothesis wuld then
have two Jastae ‘

1) The drug, and
44) The carriey

Suscessful targeting depends on the Arugeearriey
unit, the target, angthe bological milen by which the twe
are separated {Gregoriadis, 1981),

2elee THS ZARGER

Ohvicusly, the target for any action in leprosy &s
the causative organiss Brcoliackeriun loprige Before the
designing Of any drugecarrier unity the target has to be
well defined or the whole sxereise 13 frultiesse It s
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mt just enourh to define M laLrag as the target, it i»
oqually important to fiod an” essential part or an
essectial metaboldo activity, which when blocksd would
result in the death of the orgenlsme fhis then wonid be
the targetes Ratlonal chemotherapeutic ageat that aots
4irectly on an essential metabolic activity in MHilanras
would provide the most sffective ansver to the problems
of leprosy (Prabhakaran, Harris and Kfrehheiwsy, 1979),

Pev blochemical studies have doen dine on Malanras
prodably because of the Lnadility to cultivate the organimm
in an srtificial medium to get & sufficient quantity of
organi-ms required for such studies.

The presence of aycoiie acids in Nulaxras vas fivet
dsmonstrated by Eteaadd and Convit (1974)s Iike other
actinomycetaios, Halanxag has in dts wall myeolis aocids,
arabinogalactan and peptidogiycsn (Draper, 1976)s The
mycolic acids resemble two of the three fHound in
HatuRazcuioaiag and differ. fyom those Lfound in Meaxium,
Holanrasmuziome Mexacoas and Magnetiahls and other
cuitivadle acid fast dacil.s (Young, 1960). The
peptidoglycan eontains dlemimopimelic actdy Dwglanine,
glutasic acidy glucosamine, muranic soid and substacsial
amount of glycines The similtanedus occurrance of glycins
and mesodiaminopinelic acid in Dacteria is rare and Soes
not ogour in other mycobacteria analyzed #0 fays At the



64

presect time this 4s an foportaont differential characteristic
of lalanzane

likevise, knowledge of metabolic processes in
Halapran remaing limiteds Among sasyme activities reported
 to occur are dopa oxidase (Prabhakaran, 1967) Pralhalaran
and Kirchhelmer 1006), glutamste deearboxyiase (Pradhakaran
and Bragance, 1962), [ eglucuronidase and l-acetylepe
gincosaminidase (Matsuo and Skinsnes, 1974)., In sadh oase
controversy persists about the origin of the sotivity,
vhether It is Dacterial Or host=deriveds More
investigation 1s neededs

The organism 1s reported t0 take up, and to
facorporate Anto insojuble products,; radielabeled
thymidine and DOFA (Zalwar gh.ales 29743 Androse gh.ales
1974)¢ An vausual form Of the eagyms 0~diphencloxidans
(s=64phero} & axygen [BC 141063¢Le] ) has been Sdsutified
as ocouring in Malepras (Pradhakaran and Kivchheimer, 1066}
Pradhakaran gh.ales 19752 Adthough phenolases phemo)d
oxidasey phenolase complex and dops oxidass Or tyosinase
occur 1n a variety of organicms, including vertsbrates,
invertibrates, highsr plants, and fungl, the only report
on the possible ocourrence Of the onsyse in bacteris
rejates to the oxidation of tyrosine to pigmentsd products
by s small vitro Miorospirs tvrosioatics (larway and
Evans, 1962), Several spocies of myvobacteria tested,
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Halanzas cuitures shoved no phenclase activity. Zherefvre
oxtdation of DOFA has been proposed as an identification
test for the leprosy baciliid (Kiwchheimsr and Prabhalmvan
1968, Prabhakaran, 1976)e Extensive work on the o-dfphente
loxidase enzyme of Mlaprag has baen done by FPyabhaksran
and his co-vorkers. They conclude that ¢t Ss a

trus = orthodipheno) oxidass and that other copper
proteins and catalase or peroxidase are not involved in
the ensyme activity observed (Pradhalaran, Havris and
Kirehheimer, 1972); that it £3 an fatrsceliniay enzyme
firaly attached t0 particulate slements $a the dacterfsl
-gell) (Prabhakaran ob aley 19733 Frabliakaran, 1907 ).

. The phenolase activity s iwportant in the suvvivel and
‘proifferation of MaleGrase Although Lnhibitors of
tyrosinase from samglisn and plast sourses Like
pentofllanine and mimosine did not Lnhidit the sugyme

in Molankasy either ifutact or dlsrupted OF Wppress
multiplication of dacilil 4n micey other inhibitors Like
 dlethyddithiocarbamate (DDC) which panetyate the bacsiili
and inhibits the enycyme ars bactoricidal, as proved by
foot-pad techniqus (Pradhakarsn, Harris, and Kirehhoimer,
1972)s SGome other compounds partialiy Inhibited the
enzyme (Prabhalaran, Harris and Kirshheimer,; 1969). DO

is a potent copper cholator and phendlase $s known to be
s cOppar enzymes Thns o-diphenoloxidase activity of
Eolapzas 43 probably esseatial for Ats mitiplicatione
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Howevsr; the exact role of this enszyme iz not cleay
(Pradhakaran; 1973)¢ It 1s suggested that o~4iphenoloxidass
aight serve as an alternative respiratory pathways ZThis
would be fmportaat in organisms in which the cytochroms

and flavoprotain systems ars a0t fully active; as is
probably the oass 40 the leprosy bacilius (Prathakaran,
1967,

Thus, o-4iphenvioxidase, & congtititive enzyms in
Kalatzas sppears to be the target and specific inhiditors
of the snsyne vould be of fmmense therapeutic walues

Based on the description of ths target eusyme
o~diphencloxiduse, DDC (dlethyldfthiocarbamate) appearsd
%o be the drug of choices The 100§ fohddition of the
phenolase susyms (Prabhskaran, Harris and Xirchheimer,
1972) by DDC and bacterfcidal effect on mdsipiication
of dacllii $n footepad strougly support its choloe a3 an
antivleprosy drug at least 10 aases whers ths leprosy
bacilii are resistant to conventional forms of treatment.
Bowever, several problems regarding use of DDC in pstient
remadns to be worked out « for DIC 1s unstable under acid
sonditiens and has o D duffered before adwinistyation,
NOPeOVery it might produse copper dspletions |
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Other metal chelators also do mot give good Tesults
although o«4iphencloxidase &8 known to be a 6Opper protein
(Hakino gh.alsy 1974)s Bestdes DIC, oyanide s a potemt
inhidbitor of metallo ensymes snd penfofllomine is effective
copper ohslator, nsed fn the trestwent of hepatolentisnlap
" degeneration in mans Although, these metal chelators
produced total inhibition of mammalian and plant tyrosinases,
they show little offent on the o-diphenoloxidase activity
of the bacillis (Prabhaksran, Harris and Kirchheimery, 1978),

Secondly, redusing sgects are known t0 be Sahibitors
of tyrosinase (Lerner and Fitapasrick, 1960)e Reducing
agents liks reduced glutathions, ascordie acid, and
eysteine although compietely Sohibit plant and mammsifan
tyrosinane, vy little astivity on phenoloxidase of
Meloprae even vith disrupted bacilii (to sxclude permeadility
barrier of the bacterial eell memdraned; suggesting tims
the active site of the ensyme 18 not Yeadily accensible
to the inhibitors, unlike in plant and mamsalian
tyrosinasess Probably, the coafiguration of the ensyse
protein in M lapras 1s such that thess inhiditors are
unable to penstrate the ensyms m‘huﬁm and bind fts copper
msety (Prabhakaran, Harris and Kirchheimey, 1975). ZThe
activity of DDC, the only compound whish completely
suprressed tho o~Aivhenvloxidase of Mulanxasy &3 explatoed
by the yresence of the tw> non~polar sthyl groups in the
DDC solecudes which more O less shadow the sulfurs wvhich
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eonstitute the polsy region (Pradhskawan, Bam:. and

Kirchheimer, 1975 a)s : h
Of the anti-leprosy drugs in use todsy none &8 known

to act by the 4nhidition of the ensyme o«diphenoloxidase

$n Moleprag sxcept DSy DD 43 shown to inhibit

o-diphenoloxidase; and this has recestly besn hypothesised

as the mechanism 0f sction of DDS (Prabhakaran gk.Aley 1981).

ZThey supyose that the 8 atoms of DS bhad with the copper

of the sasyme and tins foactivate ft, i€ only the drug

&8 ablo to penstrate the bacterium, Presently DDB causes

oaly about 10f Arhibition of the o-diphenoioxidase eotivity

in intect Molatras (Pradhskarsn, Harries and Kirehheimsy,

1581),

Thus dapsoney, a ciinfeally used drug was Selected
£or attachuant to the adarriers The exveptionsl sensitivity
of Masgras to Lnhid tion by dapsonsy as indiuated by fte
MIC of only 0003 Ppe/ai (Peters st ale; 1976) which is muoh
1ovwer than tosg o £ other anti-leprosy drugs, speaks for

the ssleotions Besides, DDS 4s & smali m&wm. and the
cheapest drug avallables

8ince 1ittls can Do done to fafinence the targes
and surroundinge; the carrier mist be chosen or designed



sppropriatelye To that end advantage oan be taken of the
Plethora of naturally oceurring targeting €evices, whieh,

as vall a» functioning in the living animely osn teach us
bow to bulld our own carrierss Many masromolecules, cellulap
and synhetic carrier systoms (Zable # 3) have Deon Sested
in antaads and some already $5 mane

The sarriers descrided (Tadle ¢ 8) have Deen used to
schieve difforent purposesy but for designing of antibacterial
ageitsy, the sarriers most exploited are the peptides am
aminpacidse Proteins cannot de utilised becsuse of thelr
antigenic natures Peptides and amino-acids are 1deally
suited as carrier speties bacauss Of chain length; side
chain and othey functionsl proup specificitioss Furtheswore,
since the structural regquirssents for tranafer Siffer for
bactaria and sammalisn cells, drug / drugeearrisr sonjugates
ean in pricciple be desigued #0 as %o be selective
(Gregorsadis, 1970 Becker and Halder, 19795 Paynes 1972,
19773 Glivargy 1972)¢ The molecular Dasis of cellulay
perneation of peptides and amino~goids have been studied
15 bactersa (Becker and Natder; 1979§ Payne angifdvarg, 19784
Sussasn and Of)lvarg, 1970},

The siapiest carrier seems to bs some usinowseid

A2 the warheads (4rugs) are sisc sainowaoids (umwsual type).
Zhe 4ipeptide compounds formmd would de transported dy the
dipsptide and tripeptide systoms and split in the cell
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m!.boaiu and Pad')p Yarions sslls (e.gs malignamt)ds
th, mm, horsonest
geo oins Bepatio paranchymals sinusoldal cells,
muuw@amm Supffer; sndothelisl cells,
0, teins (mannose !bmmlmmw 8y splesn and
e g s, H-goetna- o aarey Datia e AU
gluco
X wimsduronidase 74oroblastse
(nnmwwnmu) Shastss
o A Brain synaptosomes.
Qmm: mwt *
eDwgiuouronidsse Pibroblasts
/?i‘mamspm.: haans
Heoglyooproteiasifucose) Alvenisr macrophaguss
Asipdo~LIX LiLreseptor~deficdent fitrodlants.
Polylactose~L0% Hepatio Parenshymal cellws
Melanotropin Helanona 0ellee

Other sropic peptide Various cellse
hormones
Concanavalin A Various ce Loy Tidrobtlasts
 ETigus s igise Flastsy
Uther macromolecules ¢
Monophosphopentamannoss  Fibroblasts.

~ Polylysine Drug resistant Chinese hamster
ovary cellse
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Fhagoeytic cellss

1)\
Dextyans Increased half lives of druge.
Polyethyleneglycol - Inoreased half lives of drugs.
Sallmlax ¢
Mixad leucocytes, Inflamed aress.
neutrophils
Flatelets Macrophagess
84alo hrocytes Ruplier cells.
Q m‘:ﬁ, wﬁan)- - * .
ythooytes . Kupffer and spleals cells, Other ¢celis
SHe by aapmmngaa of unwanted
molecules; as depots for 4rug releass,
a8 supblievs of gaturally contained
Agoting
Tslers ~As suppliers of insuline
Pibrodlasts As suppiiers of ensysess
Pasudoviruses Yarious celise
Synthatis * B

Areas aubjsctad to electrommgnetio
fiald. s

Phagocytis cellise

Albunin microspheres Phagooytic celisy iung cells,
.Poxmw:mmmﬁu Phagoeytic eau: as dspots for drug
nanocapsules Telsases i

Poly(C =caprolactone
}.yhctie acid and
aumuc acide

Liposones

As dopots Lor.4rug yolease.

Phagocyticy tic par

okher cmn {with ¢ ntaa nuu

a5 4epots for muse ﬁr’
senaitive to am., tenpeYaturs and

As waccines.

Jugars in paresthesis donon oleciles on the earrier which m to
ecell nccﬁanc LDLy Jow dmlty dipoprotatus) BOL, high density

(GI'MI’ 1881)
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by its ovn peptidase into the normal amino~acidy whieh

was only one part of the carrisr and the utusual aming

acid which 19 the active var heade The existencs of antibiotie
bacslysin and anticapstn (Kealg and Abrohamy 1976) show

that the ides Of combining a war~head vish a cerrier is

vory likeiy more than s dreats

¢ o

o/ L\ - N @/E”\ ~

N H COO
Bueimin , Anticapsin

The dipeptide antibdiotio basiliysin enters the cells of
sensitive organisms thaough the poptide transport system
(Xenig at.ales 1976) and shess carriers havs been exploited
in the deveicpasat 0f the antibasterial sgext alafosfalin
(Alisa gh.adey 1978)4
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Various sttexpta have besn made £0 carry normsally
supernoant molecules iato wvarious microorganisas {Steinfeld
and Hatder, 1979 Pickel and Gllvarg, 19731 Xenig and
Atrahan, 1776} Nadder ghales 19743 Becker gh.gle, 1973;
Ames #t aley 1973)s Although most of these attempts have
ot been successful for warious reatnss they 40 provide an
insight to the mechanism of action and the prodlems erising
fa such a study. Whereas, varfous strustural requirements
for some Organisms ars well definsd, for othors they have
to be yet studleds The rejuirements for permeases in
Rucall have bocn well defioeds these inciude the nature of
any substitution in the amino or carboxyl termini (Payne;
1974} Payne and Gilvarg, 1068), the stereospecificity of
the residues (Levine and 8imz0ndss 1962), the peptide dond
(Payne, 1972, 1972 a)y tho chain Jeagth (Payne and 0llvarg,
1968 o) and the aaturs of the astnowpoid residuese

Unfortunately, not mmch 33 kaown about the
}roq,usrutho of Helantas as regards subdstrate specificity
and requirements for permease., IKnvestigations of the
metatoliss of Milerras (Prabhakeran, 1967} Rave revealed a
~ Pew Of the metadolic characteristics of this microorganiss,
As stated eariier, o~diphenvloxidass, is the only spenific
ensyme proven t0 be present in ths leprosy baciiid
(Prabhakaran and Kirchhelmor, 1968)s This ensyme is
shown t0 have wery high affinity for and sslectively binds
DOFA €3,4 « dihydroxy = vheaymmxnu) as substrate
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(Prabhsiaran gh.als 1978) Pradhakeran, 1977)e N s for
this reason thet DOPA was selected sz a carrier aminowacid.
Yor the present study, L-DOFA, DL-DOFA -[since sammalfan
tyrosinagse oxidises 1~DOFA at & much faster wrate than
D-DOPA (Brovn gh.ales 1968) | vare used as carriers,

Sinos DOFA 4% an unstable compound and can be oxidised
readily by many substantes (lerner, 1963), mothyieDOPA,

a NOTe stable derivative was also used. Besldesy Tyrosine
which is a precursoer of DOPA in Mody (Lerner, 1963) was
also trieds

Hz—-<|1H~—C00H ' CHy —CH—cooH
@ NHz ‘ #‘HL
“ | OH
OH OH
Tyrosine ... . DORA
(3,4 « afnysroxy y
phenyislianine
CH3
CHg_"'"C—COOH
OH
OH
methy)l~DOPA

Dapsone~aning acid conjugetes vers aynthesised with



& viev that dacguss of the structural resemblance with

DOFA, these compounds would be astivity transported into

the cell of the bacilii where £t could be acted upon by the
ensymss Of the cell to break and Telease free dapsons, wiich
will dind competitively with osdiphenclioxidase of the
bacilii or altornativeliy the complex Atssll could be

sctive » pesultiug ia the Geath Of the orgacism becauns

of higher coucentration of the drug in She celliss

Ho purpose 48 served by the proper selection of the
drug and the carrier unless they are bound or conjugeted
4n such s way that the carrier ocarries the dmg to the
target, Confugation methods sre escentially the chemical
procedures exployed t0 link the drug to the carrier via
covalent bonds. The selection of & particular method 1s
detersined by the physicoechemical characteristios of thwe
drugy the carrier and the ingenuity of the investigator.
There are innumerable methods of conjugation of two
compounds dut clues to some feasidle methods can de bad -
£108 the oxteusive Jiterature sspecially on the preparation
of drug protein conjugstes for fmunological studies and
radiolmsuno~assays (Erlangery 19733 Kennsdy sh.ales 19763
Landon and Woffaty 1076} Miva gh aley 1978),

In oxder to succosssfully link s drug o a carrier,
the active group or functional groups avatlable on doth the

e



4drng and the carrier molocule have t0 be fdentified and
once the functioral growp/s of s drug has besn Sdentified
& suitable mthod can be selected (Table 3 4),

As regards the drug of cholce, dapaons, 4t is known
that thers are two fuactional groups avalladle for reaction.
- These are sulfonc group and the two Lfrae tuu&m muuc
anino grourss Other active sites for tubauwtlen are
hydrogen atcms on the bensene rings oL the DD molecules
On reviev of the SAR Of dapsous and it derivatines
(Lovis and Shepard, 1970), 1t appears that the sulfone
group 1s utmiufmt activity, and any addition on the
bsnsene sfieleus in the structurs results in dscreass of
activity., Thess therefors sannot be used. The terminal
ayomatic amino groups of DDS ajthough important for
activity can b0 ntilised ulipz a suitable confugation
method 1f ft can result 4n free amino groups in the
bacerial cell on hydrolysis.

As far as carrier 4s conceraed; active groups for
warions amioo acids have been described (Table # 5.
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Aromatic amino

Aliphatio sming

Hitro

Bydroxyl

1) t!u of 1wbuey1 cmmromta to fors o
aixed anhylride, whioch will react
directly with wm groups ta form peptide

bondse
.2) Use of g;mmmm (ReltaCali~R?, where
A )
‘wazmu 1-c
:gp O’ ”} udds can be
nsed in aquma lomt ona and
dieyelohexylearbodiinmide in organie

solverts to form W!dw bondse

3) Use of Hehydroxysuccinimide, in pressuce
LR e Ak

L+]
Yo uonxrcuva than the tra: asrdoxyl

8soups

Direct dlaso mtxon and conpling to the
active positions of tyrosine; tryptophan
and histidine raudnn.

1) Uae of carboﬁtm«u (aee sbove)
2) Use of giutaraldehyde to 1ink amino soids

3) Use 0f 2-xyiylene dligocyanate OF tolnene~
2yd-diigveyanste 10 link amind groupss

4) Use of 4-nitrodenzoyl shloride to form
4-nitrobensoylantidey; vhich can then de
reduced to the bunim 1 darivative
and linked by a!aotuat!on as for an
sromatic anind gyoude

Reductfon to & primary amino group and
then a8 above.

1) Addition of equimolar proportions of
anhydrides of dicarboxylic acids (eere
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cinie) to the ves halfl esters
?“"ga, henisuecing "ﬁi & the fres

mmemthcnhnnhdu

2) Imtyoduction of a earbdoxyl group
(=halo-substituted ourgiyuu nc!dﬁ‘

a) rumuou of a emumemonate with
ene and use of the Sehottan « Baumann
rua don to link It drectly to amine
groups on the osrriey L ™

4) Use of oxidising agents to eomn the
aleohol into a car !c acide

Carbony), 1) !'umﬂo?ca* the ﬂ»(eagbcm ';zu oxime

and mmm of the z‘aao anrhom group
a8 above

2) Imroduction of a carbe rou
R ot e erow s

3) Gobifl dase formation directly with
aino pd

privary ups on the wrta

a0} eoules oo

Active hydrogen 1) Direct conjugation using the Manntoh
hydrog o B njugat ing

2) Reattion with dlurotised 4-aminodensoie
ma, 1o give a derivative vith a free
carboxyl srouds

based on (Landon and Moffat, 1078)
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€ » Anioe grony of lysines

Phendiie group of tyroaine.

Sulphydryl group of oystelnes

Carboxyl group Of aspartic or glutamic acide
Terminal omino end mrboza'i gEPOupSs

Aoctive positions on riangs of tyrosine, t avhm
and bhgdim vhich ean b attached c3 m{wnlu by
diaxoniun salts.

Tmidasole ring of histidines i East! Yeutive Shari i 0
an ¢ &
Sydroxyl group of serine,s «

e A A Ao A

{Landon and Moffat, 1976}
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0f the aaino~acids &ecided to be used as carriers,
the active groups available are free amino and carboxylle
groupe on the side chalnse Although tha Smportants of
these groups for permease activity in Malapxag bave not
yot deon studied, substrate specificity of tyrosinase
from other sources are known (lLerner gh.ale, 1961), and
oBe has to Tecourss to the data Of theeparimens vith
tyrosinase fyom other sources; $i1) sueh time thab
conerete data on o-diphennioxidase of }Mglabeas is avalladle.
Prom one such study of the substrate specificity of the
mammalinn tyrosinase, it was concluded that an clwamino
group is essential fur tyrosinase action, althourh the
cartoxyl group is relstivaly less important. Although
the ethyl eater of tyrosine is shoun to have similar
sctivity as tyrosine, subatitutfon of cardoxyl group dy
methyl group or hydrogen resuits in a markesd loss of
sctivity as sudstrate (Lerner ghaley 19851)s Thus the
most feasidle method of conjugation using the carboxyl group
of the sarrier anind soid and the arometic asino groups
of dapsone appears to be the foration of a peptide bondse

Unfortunately, 4in a Pecent attempt at designing of
anticandidal drugs by forking S~fiuorceytasine = peptide
conjugates using the peptide bonds (antde dond betven ¥
aming group of the fluorinsted pyrimidine and carboxyl
function of the peptide) (Steinfeld gh.ales 1970) the
workeys were unmmccessfile They conclude that “the type
of linknge used may de susceptible to nonspecific
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hydrolysis.” They have therefors turned to synthesising
coapounds using other linkages $0 get compounds stable to
such nonensymstic Aydrolysise

Besides monenxymatic hydsolysis of peptide Ainkages,
This linkage 5 also prons to series of protedlytic enzymes,
Peptidages in the Pody and can be sasily broken down defore
the conjugate reaches the target (Appel, 1974)s Yor the
above mentioned ressons, thec(wanino groupy as vell as the
carboxyl group cancot be exploited for the synthesis of
drng-miﬂ conjugatese 3The high specificity of
the tyrosinase in gsneral and diphencloxidase of MJlavras
in particular, for the rhenolis hydroxyl group precliude
its use for the resction, Thus the only aoctiwe positions
available on the awinowacid molecule ure the active sites
on the benzene rings of tyrosine and phenylalanine molety.
These gan be used without much ¢hanging the nature of the
mwlecules |

DI6 (dapsone) molecule can thus be 3inked t0 active
sites on the rings of tyrosine, DOPA and a~DOPA through
the aso=(«iali+) linkages This can be schieved by the
standard alasotisation and eoupling procedure (Vogel, 197),

The a0 1inkege {8 a stable linkage and azo analogs
have bean synthesingd in the past and have deen shown to be
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active against mycobacterisl infections (Lewis and Shepard,
1970}

The azo linksges can bs redused by aso-reductase.
Ao reductass are nicrosomal ensymes wvhich Sceur 4in tissues.
They require MADFH and are stimulated by flavins, In most
marnals aso-reductase sctivity fs rather lJow but is high
$n sicroorgunisms (Creasey; 1979)¢ On veducion, the
amino group i3 set Cfreey thus in the present case, on the
veductio: of the asosgroup 4dapsone would be sst freey~ this
1s & much required featurs.s |

Thus the said diasotisation and coupling procedure
has besn utilised for coupiing the drug dspsons to amino

24241« MALKRIALG
1« Shanicala

Dapsone (4,4' ~dfamirodiphonyl sulfonelPengal Chemical
IsTyrosine ¢ (8,Merck)

1.+DOPA t (Loba~Ohents)

DL-DOPA s (5pH)

methyl~DOFA »

All other routine chemicals used were 0f AJRe Crade.
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2. Qlasnors

All glassvare nsed vere from Forosil, Corning.

) Blazatisation o Dopsons (Vegely 1971)

A thin paste 13 sade 0f 0.0 Mols of finely
powdered dapsone® and 30 al of water in a 60 ml boakers
To this 2.8 gn (2.1 1) of concentyated hydrochlorsc achd
18 added and varmed untdl dspaons Alssolvass ZThis solution
13 oo0)ed to 10°C with 1ce and stirred mechanicallys
245 g (241 1) Of concantrated hydrochloric asid are
further added to the c00led solution,

A s0lution of 18 gm (0,002 ¥l.) of sodtus |
nitrite ia 3 ul of vater 1s added to the abova solution
s rapldly as possidle, toking eare that ths temperature
does not rise adove 15°C, Care should alsd de taksn to
see that axcess of sodinm nitrite solution is not added,
Bxcess of nityous scid formed in the reaction mixture
are detected Dy immadiate blus colouration of staroh~iodids
paper aa also the decolourisation of dromins water and
potassium persanganste solntione

The solution assumes an Orsngesred colouration as
dianotization of dapsone takes place and s saintained delow
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8% using an lce=salt mixture.

b’ LAY ’.'.‘ -l ¢

0,02 ¥ of the aning actd (Tyrosine, L-DOPA, DL-DOPA,
methyl DOPA)® (o slight excess was used) was dissolved 4n
& minfeum asount of 10 X (408) sodium hydroxide solution.
The deaker contalning solution .was surrounded by an
fce~salt bath contained 4n s large crystaliising dish
vith a f3at bottomj this peraits magnetSc stirring of the
eontests of the beakurs The eolution was maintatoed
between 004%C, |

The soiution of dlasontum salt (a), kept at Owg%C
 was added dropwise with rapid stirring to the ¢old aninoe
acid solution, The pH was mintatned Detween 9 « 0.8

vith furthey additions of dliute sodium hydroxide/hydrochiorie
acid as necessary. When all the sclution had boen added,

the resction was aliowed to contioue with slow stivring

for at least one hour, meintaining pR 9 » D8,

After reaction, the solusion acquived s desp brignt
colour (red to violet) and the coapound was precipitated
out by lovering the rH t0 2.8 «» 2,0+ The s0)id brightly

* Molstwlar Wie & DDS § 248.3
LeTyrosinetifl.2
TOPA 3 19719
meDOPA ) 1.3}



oo
n

coloured brwtyttnto was filtered through fiuted Whatman
filter paper naing suetions

2s2:847»

The precipitate coliected wan washed extensively
with co)d dilute hydrocholorie acid to get »id of sy
sxcess 4apsone and then with emm watsr t0 remove the
aceids

ZThe conpound was then solubdlised by adfusting the
pH to 0 » 9.8 using wwonis solution snd repracipitated
by acidifying it vith hpdrochlorde aoid to pR 15 = 2 and
filtering the precipitates This procedure was repaated
thres times to get rid of any impurities. ZThe compound
was choecked for fmpurities of dapsone Dy thin layer
ehromatography {74C).

ZThe compotnd fres from dapsone contamination was
finally recrystallised £r0n large sxcess of water and
dried in & wvaccunm dessiceator over anhydrous calofum

chloride and stored In a descicator till further uses

2242430

As stated adove; the compounds wers cheched for
iapurities of dapsone by 21C using sillca gel as an
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adsordent and comparing it with suthentic sanplse of dapsones
The solvent system Used vas ‘
Bthyl scetate
Vater

210 of the compounds was also performed using
various solvent systems desoribed for dyez (Sshweppe, 1969)
especially the following, to understand the purity of the
synthesised coapoundse G1ilioa gol was used as sdsorbdant
for all TIC worke |

a) n-hntml 403
Bthanol 15 ml
pidine 240 m)
Ammonia 20 nd
Water 18 nl
b) o-Butanol ¢
Acotic acid 16 m)
Watey ‘ Yeff )
Asetone 001 m)
¢) n-Butanol 4 m 26D layer
Acetio acid inl i taken as the
Vater & n) L System
4) Hexans G5 8)
Bensenie 2.0 m})
Puridine 16 m)

Carbon, hydrogen and nitvogen estisstions of all
the compounds was Jdones Bulfur was not estimateds

Absorption spectra of the four compounds synthesised
was taken on a Perkin-HKimer, FR«402, WW-VI3 spectrophotometsy
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using 1 om aell to Sonfiwmm the ocoupling of dapscne to
amino acidse A sojution of compounds in O, X sodium
hydroxide vas used for the spectra analysise

Dapsone was coupled to Istyrosine, 1~DOPA, D1.DOPA
and mothyl DOPA by Qlasotisation of dapsons and coupling
to the anino acidss The conjugates, 30 forsed have been
coded as ADTy, AD=Dp, AD2Dp and ADwDp respactivelys

The conjugates formed were intendely cojoured
(bright red to reddleh violet) & characteristic of ase
dyas formed due £0 ago iinkages The coupling was furthey
confirmed by the ebsorption spectra of the conjugates
which were found similar to those oltained by Pauly for
such compounds, prepared dy similar procedure (Pauly, 1918).

All the four conjugates vige, ATy, AD«Dp, AD¢Dp
ond AlaDp were found free from Ampurities of dapsons,
as determined by T1C dy compurison to authentic sample
of dapsones

The compounds synthesised showed lack of purity by
218 in varicus solvent systoms. The compounds showed two
to four bands with colours rangiog from yallow to dbrowg
to dark red., Mo attespt was made to separate the components
of he nixture in quantitles suitadle for further
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characterisation, Impuritiaes have been detected in
simflar componods synthesised in the past (Tadachnick snd
Sobotksy 1989)s These workers point out that it 1s nos
possible 0 prepare compounds of sufficlant purity when
the reaction wvas carrisd out with the amino acid itself
instead of thelr A-scyl derivatives For reasons
‘descridbed before in this chaptery, the Heblocked anino
aoid could not be used for this studye

In the absence of G-gubstituted Gerivative of the
auino-acid, it is wost 1ikely that the diasdntum lon
reacts vith the free amtno group of the amino scids,
Hovard and Wii4 (1957) have shown that amino growp of

=anino asids remct with avomatic disconium ifons by
loss of nitrogens This faot 1is substantiated dy the
Collelle analysis of ths compounds ss shown belows



-89

Yound | - 67432 438 10456

A § Pormala 'a' y ms‘#plotcdc
vhere the - us fon e¢Ouples with the
anin® acids on the bensens anoleuss

D ¢ Yormla 'D' represeacts expected compoung £
the diazonium 1040 reaots totally with she
free X =snind group of the scids with
Joss of nityegen.

L




..+ 90 |

In agresment vith the above assumption, the
aityogen oontemt of the derivatives s found to be low
(refer table § 8) but not lov enough to prove that all
the diszonium fons react with free C »snind group of the
anino sald with Joss of unitrogen as indicsted by N eontent
of Porwula "b'e Binee no further separation of the compounds
of the mixturs was attempted the molecidar velghts of
the compounds have bosn calenlated dased on formnlas ‘a'
of the various derivatiws for testing of thely activity
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The loprosy bacfllius was awong the first microes
organism ever desoribed to be associgted vith human disease,
Despite the early discovery, about more than a hundred
yoars ago, loprosy remains an enigmas Though it is
acceptad that Mysobeoterius levrag i the causative agent
of leprosyy it has posed a oumber of questions 4n attespts
to sstisfy Nooh's postulates (1984), for establishing the
ddentity of the orgsnismse JYor over 80 years the prodlieas
of cultivation of Malevkas Jncwitzs and transaission of
leprogy t0 animals were not resolved. During the lam
fev decadas) hovever, nsver techuiques of tissue culture,
blochemistyy, histopathology; electron micyascopy, as wall
as supply of Snbred animals have greatly contriduted to
the alucidation of these problens.

In the field of cultivation of MJsveas Jo-vityre
tissus cnlture methods have provided considerable duts
on the behaviour of fresh Mileprag in oulture, Rariy study
of cultures Of lopromatous podule explants have shown that
the bacilii retain thelr sorphologys they are easily
phagocytosed by celis, but the mmabey d0es increase; the
spparent increase being due to release of bacilil from
cslls to madiums The studies on cultivation of
Halsbxasmuzing = ®at leprosy Dacllli, have achisved sOme
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success, and provided both methods end criteria for growth
and 1ts quastitative estimationss Biochemical studies on
respiration of Hudarrassurium snd inhidbitory astivity of
serus against these becilliy pofnted out various pitfalls
in the managemsat of cultivation of Malatzase By adapting
tisme culture methods end exploying bacterisl and tissue
sxtract supplementss limited sucoess has besn achieved
during the last 30 yesrss The bacllii grown ip~vitzg

@ resenble in WOYPhology, bacteriolopicsl ocharacters,
generation time and exhidit low virulance pathogenieity
to animalss At Present these studies havoe merely opensd
up experimental models for sxplovation of growth
requirements Of M.,lepras and its physiologieal
characteristios.

Transnisston of MulaLZag to antmals has been
successfully achieved in yeceot years, especislly, the
transaission to inbred strasns of mice has med with £aod
successs The £irst atteupts during the 20 years vers dirested
towards selestion of strain of mices oholce Of aite for
fnoculation and evolution of guantitative methods foy
evaluation of results on multipiiestion of ghe bacilif
dnreivne Among thess, the foot-pad technique introduced
by Shepard (19600 was found to give reproducidle results
and vas widely adapPted for studies on waridus aspects of



pathogenesis of leprasys Though this technique showed
only & limited mupueutﬁn of Halsprag 4n mice (Rees,
1064), later variation by Rees (1068), of complete destyue~
tion of imwune mechanisms Dy thymeotomy and total dody
irradiation, yielded continnons growth of bucilit as well
as dissemination all ovey the body, Consideradle data onn
pathogensis of Mlgorag and their viabllity &n wvartous
tissues have shown that among the warfous tisszues sxamined
histopathologically, nerves and muscle tissue are the mag
favoured sites of lodging of Mulanrase Eleetyon
microscopic studies have also confirmed these data and

has yielded such Anformation on host pavasite relstionship
of the bacilli with the phagooytie cellse

The foot-pad techaique has bess sdaPted fOF ahompe
Sharapevtie lavestigation, Moth for examining nev druge
and sensitivity of Mylapras to standard drugs; as an afd
to prognosis in the treatment of leprosy and lstely to
study and understand the problem of &rug resistances

Tn this chapter, after an initial discussion of the
various available methods to test the efficaay of the
antivleprosy drugs, details of the experiments &ne, t0
evainate the efficacy 0f the syntheslsed compounds are
presenteds | '
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Countless safforts have besn spent on isolation and
cultivation of Malstras fu-yitrc sivce its discovery.
Since the first reported spparant success in growing Mslarras
in=yitxq in 1880, to date, vigorous attepts are meds to
euitivate this highly fastidious organisms ZThess efforts
duglude diverse approaches vige uUse of cell sudstratss,
becteriologioal medla, additicn of soms extracts or swtie
grovth intermediates (Prabhakeran, 1975)e

Many of these efforts reports that dwring eultivation
of MalaRXame emergence of a sadrophyte or shromogenis
acidefast Dacilll usually oocurs The meterials and wethods
deployed dy thess investigators have deen descrided in
sstensive reviews Dy MeKinley (1039), Yoshte (1972),
Pradhalaran (1975) and Pattyn (1977).

Shepard (1958) made a survsy of ths growth of
ayoobacteris 1n lmman aad monkey tissue cellse Baylet
sh.ale €1960) reported failure Lo the multiplication of



Nlerzas neing monkay kidney cellss A survey of the
suitadility of soms coll 1ines of human origin was mede
by Morris and Hakamrs (1980) without sny evidence of
switiplication. Oarbutt (1965) has clafwed success 4n
cultures of human 4iplodd calls, but this hes not desn
confirmeds

DeSouss Arasfo (1956) sried tissus cniture from &
histiocytic Sumour taken From & patiest with lepromatous
leprosy and observed acid~fast dacilli nmtil the Thh
passagee Delville (1963) described erratic and limited
multipiication in cultures of human esniotic cellss 2issue
cnltures from lspromatous tissue vas aieo tried by
Yoshie (1083), vhile Jadin gt ale (1967) clatmed to have
odtalned sltiplication of Melaoras in cells derived from
lyaph nodes and human skin, affer which the dacfild
miltipiied in the cell~fres medium.

This wvas tried frequently, 4n view of the vell~known
affinity of the leprosy bacillus £or nervous sissues
Racadive ghale (1968) tried cuitures of hawan fostal spinsd
gsungilon (and skeletal muscle) eslis in plasma clote The
organisms wers resdily phagocytosed and found to de
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heslthy = solidly stained = inside the cells for 8 to 10
days,

Samuel ah.ale (1973) cultiveted human mecyophages
1o=visre end infected them with Mulanrase In 508 of the
sxperisents, & £ £o © £014 increass in the mmber of
aeld fast dacslii was observed within 1k to S wonths of
enltivation, both st 3°°C and 37°%C, This limited mitipiie
sation could be suppressed, using antieleprosy drurs, theredy
sstadlishing conclusively that mltirlying organisms wvers
Halaprans in the macrophage fuwwityog Srrespective of the

origin of tho latter L.e4y & healthy individua) or 3 1L
oF a IT aase. |

Various other cell cultures of husan and animal
origin have also boen tried for multiplication 0f MilgRvas
and sxtensive studies with Mylaprasunriis have aleo been
uadertaken (Rees and Garbutt, 1962) which has given s 108
of inforsation on the bshaviour of these mycobacterds inside
tissus calise

In an extensive objective study on survival of
Halsoras du-vitens Lumsden (1964) observsd that among the
various tissue sudstrates, schwann cslls have the highest
phagocytic activity against Mlapras vith 765 cells
showing parasitisations The intracellunlar baciild had



1ittle oF 00 adverse sffeot on the cells These Organims
retained thelr morphology and steining propsrties for a
long tinee The Other cell types, wiss,; Hela, HAMP 8,
husan amnion cells, sympsthetic gangliay schvarmoms cells
and nerve tissus from g variety of snimals 414 not support
the growth of Milsnrass |

Yarions bacteriologioal medis and cell Iree
synthetic media have bsen tried out for the omltivation
of Nuaavraa vith some successs Froirs (1056) nsed silds
culturs method for growing Neylauragy the msedium consisted
15 agar and 205 LLs sevem and obgerved new giobs formation,
but Ghosh and Multherjes (1982) 4n an stteadt $O repeat
the vork of Freire oould not £ind any evidance of
pro}liferation of the organisms or formgtion of new globi,

DeSouss, Araujo (19431061 s) published s series
of reporta on the cultivation of Kaevyase He 1solated
sixty unclassified straing of aoid~fast baciill on LY
meliun directly from leprosy material and from insects
harbouring the ¢lothes of the patientas

Nakayams (1968) observed colonial growth of
Haleprae, Dt most of them turned out to de Passangey
organisxs, excedt a group shoving remariable pledmorphfism.



| Marohashi and Yoshida (10713 10723 19743 19761
1976 oy 1978) formulatet a series Of nev semiesynthetio
20t agar medin of NMe-Yeseries vhich consisted of glucose,
glyoerol, ysast RAA in the mediume ZThe colony~ilke
bacterial masses were observed after 20 weeks Of incudation
at 37°C. Thess masses consisted of acid-fast organisms,
whieh persisted in the medium even after ono ysar of
fncubatione The incresse in the size and the sumbey of
Pacteria vas lowe Subsequest sudeulturidng resulted 4n the
incresse in the numbar of acid-fast baciiils ZThe
Sotradarnal dnjection of a Dharmendra type of aatigen,
prepared Iyom these bacterisy elicited the reastions
conparable to "Jepromin's Drug sensitivity tests of the
cultivated organisas have alsd been undertaken using
11qued medts (Mirchashi and Yoshida, 1976 by 1976 ¢).

Skinmess gt ale (1976) clatmed that LA+3 mediom
enriched with byaluronic acid and fresh yeast sxtyact,
yielded an Jo-viieo culture of Hlapras o 6 vesks of
incubation at 37%C. The imoculum consisted of dacteris
s0})ated from trypain and nlhu treated lepromss, These
Pacilldy as reported by Skinsness, have s phase in thelr
Aife cycle in which non-sodd-fast protoplast <« 1ike
bodies or ahort rods could be observeds At the end of
81Xt weck, ron-acid-fast materfal could be traceds but
with predoninance of acidefast rodse On LA3P« the sol1id



medium » masroscopic, anm coloniss consisting
of acid-fost rods, vere detectede ZThe subculturing of
bacilii alao prefented a sismilar growth patteras

8imilar organisae have siso boen isolated by
Ohasterjes (1976) and exteasively studied (Chetterjes,
1960)s Both 4solates of Chatterjes and Skinaness have
s oon-seid fast cultivable bacllit.

Various exotic extractsy; extracts of mysobacteris
otce have Deen used 4n an attempt to dultivate the
fastidious organisa M lsnrase

Jackeon {(1961) used glycercl droth enrdched with
lung extract and Leolated a pleomorphic organism from the
Blood Of leprosy patientss The growth ocourred during
518 days and could be sudboulturads

d3shisurs and Eonds (1967) attenpted to grov
Badanzas in » medivm with minced chick esbryo tissne
dextrose, btrain btroth, ege and heatelkdiled JMalenkass vt
falled to odbaln any grovihe |

Oriteki and Godinger (1067) sdded extracts of
stypleal myoobactoria to the Bagle's medium and odserved

99
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grovih vithin 46 veekss The subeulturing vas siso
mocenafule

Hirsal and Treo (1968) froculated Halsuras tn
Deery Hart Medium euriched with the filtrates of atypieal
mycobacteris, nocordia, solution of ferrioxaain B, The
results vers negatives The sysbinais on 17 medium with
the same atypical mycodacteria slso ylalded negative
resulte.

In 1968, Bapat M&i 3s0)ated mycobacteria fyom
Iuman leprosy nodule ia cultures of fibvodlast cells (cald
srain SP0) derived from dorssl root gacglion of human
fostuss They studlied the dehavionr 9f leprosy bacilid
and thelr affinity towerds the gangiion elemertse Zhay
wars able to suboulturs the baclili present in the
supernatant of the fitrodblast monolayer cuitures The
bacslil vers maintained on tissue eulture conditioned
fiuid and later adapted to bacteriologioal wedls containing
serum OF egce The Organicms vere strongly acid fast,
nonwchromogenic and siow glowing (Sapat gf ales 1961),
Thess {g-vitrn cuitivated organisms vere designated as
YICRC! baeillls

This vork wvas repsated during the period 1968+72
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and five wore acid+fast strains of the ICRC bacilli were
cultivated and extensively studied. Detalled information
regording this btacilius is includad separately in this
chapteys

To sumaarise, the sttespts $0 grov Malavras
inexisyn by saploying cell culture systess (sohvann oalls,
humen fibrotlasts, macrophages etGssw) have had limited
sucoesss Bacteriological medis and cell free aynthetle
media supplemented with tissue and sycobacterial extracts,
grovih intermediates, have shown to de Possessing growth
supporting properties for MNianraae Hovevery no furthey
systoantic study on vuricus aspects Like nutritional
requirsments have boen undsrtaken &n most of the cases
and It » aled surprising that quantitativo methnd was
rarely aypliod to sstimate the grovthe The atrain XRC
bacilius,; vhich 43 slow growing and non~chromogonic is
one modal organism which bas besn studied extensively
and can thus prove to be useful for various studiese

The dlacovery of new drugs for the trmn of
Bacterial infection has wostly depended won jo-vikes
seresning methods for sensitivity of the ¢ansstive organisus
to new compoundse. This system 1w not fully appiicadle for
introdueing new drugs in leprosy, since the in-vitin
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culturs of the pathogen i3 not availablej neither the
infuction of progressive lesions in laboratory animals
was possible $42J) 1960, 2421 then the chesotherapy in
leprosy was sither enpirically devised or tested vith
Balsoraguuriug or the antitudersuiosis drugs wers used
on the assumption that Milapras and Matubareulsals have
very close physislogical relationshipe.

With the introduction of the foot~pad technique
(Shepard 1960, Rees, 1564} the arditrarily chosen drugs
vere tested for the first time egainst Mlavrag (Shepard
and Chang, 1082 1064, Shopard, 1967 ay 1971) and vere
tims put on & More 0)i4 footinge The results by the
foct-pad technique were paralisl to those Oy human
patients; and the techalgus soon came to be established
a8 the final experiment in-vive dofore large scale
elindeal trailss Howevery the Lo-uive method 1a time
eonsuming and expsnsive procedurs for sorsoning the
activity of new 4drugss

The Jack of snlture of Mylapzas has put a severs
restriction on {ne-xiiya screening of compounds sgainst
leprosys Yot Yayer (1064), 1n his extensive review
strongly advocated tho use of mycobactorial strain closely
reseadiing Mlavrage Such in-witrn method is rapid and
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will yield some {nformation prioy to sxtensive fn-viwg
tenta.

Ths sensitivity of fev of ths enitivated Mlsvras
has becn testad apainst standard antileproay drugs
(Bamuel gb_ales 19734 Chattorjes, 1980) but quantitative
methods vare rarely apriied to estimate the effect.
Wholam gb.ale (1965) found no satisfactory pattern in the
sensitivity of 12 strains of aycobacteria to standard
anti-leprosy drugss Rhwanolkar (1072) used ICRC bacilid
&8 & model strain and estimated the activity of 80 nevdy
synthesised compounds by turbidimetric method lo~yitzoe
Murohashi and Yoshdidn (19743 1976 by 1976 ¢) also used
the newitze cultivated Mulapras 1solatesy; and sstimated
the effact oOf DIS, yifampioin, streptomycin and INH by
counting the mmber of microcolonies in the smears of
the respective cultures after 20 to 40 weaks of incubation.
More recently, Hbdak (1077) has testod the activity of
known anti~leprosy drugs agatnst ICRC bacilil. In 1ight
of these datay ICRC dacilli was used for inwwitzn testing
of the compounds synthesised before confirsation on the
mouse foot~pad models

Sa1eSe  THEJCRCRACILLL

Bapat gh ale (1968) reported in-vitro isolation and
cnltivation of an aoide«fast myoobacterivm from five human
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Jepromatous th casess The enliturss vers maintained
on Yconditiona)l £iuld', odbtained fyom stock SPO cell
strains (Bapat g ales 1968§ 1961)s 2his scid-fast
bacsllius was designated a9 the JORC Dacllinge

During the perfod 1968972, five more eoid~fast strains
ware isclated and cultivated in-vikag from untreated
Jepromatous leprosy mpdulesy in the similar fashion
(Xhaoolkary 1972)s To-datey all the st¥ains are being
saintained &n ‘oonditionsl fiuld' in Cancer Researeh
Institute, Dombays

It 25 » styongly wcldefast bacilidy 1.5¢t0 8 b in
iength and gramepositives They can de grown in
bacteriological modia formilated for mycobactoriay e.ge
I~J medium, shoving tiny, smoothy light creamy colonies.
There i» 0o pignaent formstion oun exyomure ¢o light or on
storage. These bacterias belng fastidious, can be
cultivated only on media suriched with human serum and/o®
ogz ylks Theme Organisus are veskly catalase positive.
This asid~fast bacilius can retain its viebiiity ot <%
5%, and 37°C for 5 months (Bepat gh ales 19585 19614
Ganguit, 1963)s



The pathogenioity of these Jowwitzn eultivated IRC
kacdlisy has beon tested in mice as well as in golden
hamsterss The intraperitonial injection of IORC baotild
in mice resulted in sarly and lats histiooytic granulomsta
in visceral organs, shoving progressive lesions in the
liver, splecn, panoress and lymphncdes. The celiular reaction
during the progress of the pathological lesion was
siaflar to that Observed in msn, M addftion, the mics
developed 1imd deformities such as foot-dvop, resorption
of the &igits, uitimately sesulting in the 1083 of liads,
Thus, it develops a disease with symptoms parallel to
husan lepromatous Jeprosy (Ranadivs and Bapat, 1962).

Pathogenicity of the ILBC baciiit 4o the foot-pad
of adce 18 als0 shown to be identical to that of Mulanrame
The organisms show limited mmisiplication in normal mice
vhile a soatinuous one 1o 3/900F micee The musole tiasue
davolvament 48 common for Doth normal and $/900r. aices
The spread of AFB to dermal nerves and liver gramiloma
and foot-Arop was observed only in T/000f mics (Bapat and
Modak, 1978),

Intyntesticuler inoculation of ICRC bactili 4n
mice and hamsters, resulted in a modavate sprecd of
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{nfeotion within six monthas to testes, liver and other
viscoral organs producing histiosytic granuloms (Ranadive,
10633 Ranadive and Bapat, 1960)s In hamsters, the tropie
changes of testicular architecture vere observed.

Immnologica) investigations carried out using
Ouahteriony gel 4iffuston method and haesagglutination
technique demonstrated thaty doth ICRC and Malentas show
a eross reaction vith HAS (Rao gt aler 1964} But Ju-vitxn
studies on the macrophage migration luhibitdon, using
antigens prepared from the KRS bactllly vise = ICRC = in,
demonstrated that the ICRC bacilli atow cxtas reactivity
only vith lepromin (prepaved in e simflar method) and
particularly with H 37 Rv but not with HAS (Cangal end
Xhanollmr, 1974)s In an in-vivg comparative study of
the antfigens in sdce, sensitised with MJaveas, ICRC bacilld,
BCG, and human seruw, s typical delsaysd type of
hypesraensitivity veaction occurred ¢0 the corresponding
antigens (Xhanolkay, 1972), Thess vere measured
guantitativalys ZThe pattera of reaction of Mylntrss and
ICRC baeillid was identical but it differed fyom PFD qnd human
sarumy; L.0s ICRC Daeilll share antigens with Heyleoras
but not with PFD or human serums

Bhide and Hptk (1978) while studying the mde of
action of thaliidomide in lepra reaction, Observed that ICRC
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baciliary antigen forms a specific complex with ssrum from
leprosy patienta and comld induce histamine release., The
reantion vas specific to leprosy ssra and was prevented
by thallidomide, as i lepra reaction (Sheskin and Jagher,
1),

In another comparative study usiang antigens
praparsd from ICRC baciliif culturs and fresh Haleiras
from human lepromatay it wvas shown that the reaction of
deprosy patienta to theso two antigens vas more Or less

sinflare The data provided gvidence that ICRC pac:m

are fmrwlogically $dentfical to Malsutaa (Dapat st ales
1977

Rharolkar (197¢) shoved the inhibitory effect of
thiacetasone on ICRC bacills wiich was Jater confirmed dy
Wdak (1977)s On the extension of the series, the
inhibitory activity of DD was demonstrated when it was
ddssolved in hydrochloria acdd or ethancl aod diluted as
such 3a physiologicsl solntion without precipitations
Partial inhibition of ICRC bacilii was odserved when DDE
¥as used a8 a suspeasion in distilled water (Modak, 1977

Shiscebaxsne, a water soluble compound was
inhibitory to IURC bacilll et 60 Pglu. Rifampicin wvas
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also Dectertoldal at 10 pe/ule Probablys both these drugs
bave & sinilar mode of sotion = inhiditfon of RHA
synthests (Modak,1977)s

. In the spectrum of amiibioticsy the ICRC dasilid
vere found to be resistant to penieiliing streptomycin
and kaoamyeln, vhile gentemyein had dacteriostatio actions
Simflarly, the antitubsrculosis druge INH and FAS too, have
bssn shown to have bacteriostatic sotivity. On removsl
of drug infivence, the ICRC bacilli ahovsd growvth vhon
transferred to frosh medium (Modak, 1977)s

411 the studies on ICRC demonstrate that physioe
vhavmacologically, the ICRC bacilll may possess sensitivity
sinflsr to that of Helanrae and differ from cther
ayeobacteria inciuding Mtubercuiosise Thus, the ICRG
bacilll provides & model strain for Jn-witeQ chemotherapeutic
primiry scresniog, and also for the study of mechaniss of
action of the 4rugee

3eleGele MARIRIALS
(a) JXRC hasiill (Papat ak.al, 10685 18813 Khanolkar, 1072)

LRC bacille are acid fast dacilll prown in-witre
from Maloprags 130lated fyonm human lepromstous nodules.
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In the current studfes ICRG strain Case=49 bactlii vas
extensively used for Anvestigationss 7The sSeed imoculum
was obtained through courtsey of Dre CaVe Bapat, Cancer
Research Institute.

() Meding

The medium used for maintainance and the ig-wityo
studies with ICRC bacilli was a wodified Dubos medium
(Dutes and Davis, 1946) as descrided in Appendix 4

The media prepared was sterilised by autoclaving
st 1219C and 15 ibss pressure foy 20 minutess The medium
vas supplemantasd with sterile 10% HAS, peatefdidn (100 w/m))
and streptomycin (100 p;lluh For the present study the
*roady for use' (AMU) media wae provided by Dre CuVe Bapaty
Cancer Research Institutes

(o) Druga/Blochenicala/Cosvounds

Compounds coded as R«4681, R~4784, Re3682 and
ReQ64T ars representative of geries of sntitubsrculosis
compounds synthosised at the Chemotherapy Department,
Baffkine Institute and have shown promising antitubercular
sctivity: Biochemioals 1ike 1~Tyroaine, 1~DOPA, DL-DOFA
and nethyl~DOFA wers Of the same origin as those described
4in the previous chapters
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Compounds coded as ADTy, ADDp, ADsDp and ADaDD
are the compounds synthesised as Qescrided in Chapter Il.

(2) Qansvare

Culture botties (Vasir Giass Works), test tubes and
other glassvare (Borosil, Corning) vare used. For
Surbidimetric assay, Pausch and lomd 1/2* Spectrontc~20
cuvatten were used and for amumeration of the bacllll,
specially prepared ring siides (1 cme dlaneter olrcies)
vers useds

341468+ MEIROIS

1) Maintalnance of the JOAC baaddld (Mbdak, 1977)

The stoek cultures of the XCHC Baoilll were
serially maintained in Dubos Medium (RPU), These wers
regularly subcultursd at every 3 0 4 waskss At the time
of suboulturing, szesrs wers preparod, stained and the
morphology of the bacteria was recorded.

18) Josy

Stook solution of the warious compounds $0 be tested
¥as prepared frashly each time and sterilised by autoclaving
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st 121%C and 18 1b. pressure for 15 minutess No apecial
attenpt was made to dissolvo the compouniss 7The
concentrations at which the various compounds were scresued
are described further in this chaptePe

b) Duxbidinekric asasz (Papet gh.ales 1961§M0dak,1977)

Yor turbidimetric assay, the cultures were set up
in standard Bsuseh and Lomd, Spectronice20, &9 cuvettes,
4 m) of mediua(RPU, Dudos with 105 HAS) was added to each
tubas 1iml of the test molution was added to the first
tube, followed by 115 sorial 4ilutions fn subsaquent tubes.
Usuadly tho final concentration of the compounds was 400,
80 and 16 Pe/uu Two week 014 culture of the ICRC bacilit
from Yubos medinm was used as inoculumes The inooulum was
a0 adjusted that the original turbidity reading would be
sround SOF transntssion agaiust a dlank (Corresponding to
an approximats count of 1 x 10° aPB/m))s The tubes wers
slosed with rubber stopperss A tube contaiaing plain
nedius served as negative control and one with only
inoculum and without test sojution served as positive
control, oy grovth contyrole The total amouast of fluld in
sach tube vas 6 nle

Befure messuring the turbidity on day sero, the
cultures vere vefrigerated for 72 hourse ZThe cultures vere
then incudated st 379C for 12 days. The organisms setile



at the bottom of the tubes to form a Pallets leaving the
superastant olear {(or the tubes are spun at 1500 rpam. for
15 mioutes)e Thus, each tube served as its own control
for 1008 transaission setting, Defors shakings The reading
of both supernatant and the cuspansion {after shaking
thoroughly) were taken on the Spectrophotomstar fitted with
a red filter (650 73).. Zurbldity was ostimted on day-0
followed Dy roading at O days interval wpto 12 days. In
this systemy for turbldimetric messursments, the vaiues
vere oaly comparative and not absolute as per manual,
because of inoreased optical paths Bach experiment was
ropeated at least three Limes and the readings vere
recoyded graphically as $ transmission versus time in days.

Zhis method wvas £0lloved for studying the effect of
various compounds on the growth of ICRC bacilife

301642 (a) BIRTRDEUNG: GROUP T

) Standardiaation.of surbidimetric. asasy aod.correlation

This experimeomt was condueted to estadiish the
reliadility of the inwwitro turbidimetris asssy using ICRC
baocilll as the tost Organiam for scresning of compounds for
antileprosy activity as sleo to ostabiieh the correlation
wvith the standard foot-pad technique.s
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Conpounds R-4681, R-4784, R-3652 and R-3647, found
to have antituberculosis activity vare tested st

concentration of 400,80 and 1¢ )ag/ll eachs The results are
summarised 4n Toble ¥ 7 and represented gravhically
(Pigel_4)e

L-Tyrosiae, L+DOPA, DL-DOPA and mothyl-DOPA wvers
tested for thelr effocts om ICRC Dbaoillf at concsntrations
of 400 and W}Qﬂ.n The resuits aro sumsarised in
Table ¢ 7 and represented graphically (PigaS_8. .0

The four DD3-aming acid conjugates synthesised vig.,
ADRy, AD~Dp, ADeDp and ADaDp were tested gt concentrations
of 400, 80 and 16 Pg/m. D8 equivalents of the conjugatas,
DNG was ale0 tested at the alove thyes conocsntrationse The
results are summarised S Table § 7 and represented
grarhically (Mgalold)e

Bver since the discovery of the lsprosy bacilius,
attampts are being made to transait the Snfoction S0
daboratory auisalse
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One of the first sttempts, that met with limited
succossy was by Adler (1937) wio shovad e heavy infection
“vithin 6 wesks after implantation of & Jepromatous nodule in
& splesnsctomised syrian hamster. G8incs then, several animal
moduls have been trisd for tranamission of human loprosys
This data %19 presented as fo)lows &

a) Attempts of tyanssission of human leprosy to
wvarious animalse -

b) Bvolution of the mouse foot+psd tachnique and
its contridution to axperinmental leprosy.

¢) Development Of new animal modsls vis « Armadillo,
ACanve |

A 1ot of vork on animal transmisaion was carried

out during the poriod 1039«1960 Anvolving various animal
vamﬂén For all these attespts, leproms plece OF oa¥

iobe nodules served as source of Malsbragy but no quantitation
about the muaber of organisms injocted was oarried oute

Eximatas ¢ Colilor (1940) injected [uisnras in the skin of
" the back of monkey to observe the nasal smears after 8 monthss
Cochrane gt ale (1845) nfested splesnsctomised wonkeyss The
subcutaneous and imtraperitoneal injections resulted only
in erythematous rash without any progressive lestonse Ing{1968)
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gave intramuscular, fmtraperitioneal injections of Helentas
to Taiwan moukeys sad als0 inplanted skinendoduless OGeven
out of 21 animals showed alinical sigos of leprosy Dut
there vas no Alssentnation of the infections

Gander (1058) infected chimpanses intravencusly op
intraparitoneslly and observed modules and depigmented
patchas that rogreased subsequentlys MoPedsesn and Rid)oy
(1961) used rormal and X-frradisted monkey as animol
modals The Intvavenous and intradermal injection produced
lesions indicating progressive infection, dut no
muitiplication was observod,

Qoldnn Jagatar was another animal model that was
used extensively for the disease transmissions Dhsrmendrs
and Lowe (1944) reported that apleenectomy of syrian
hanstor did oot produce jesionss While Burnet (1943) could
not suceeed 4n transsfvting the disensey Ealkar and
Ranadive (1958) succested in producing graculoms fn the
gubcutanecus tissue and vith 50% of the golden hansters
shoving linited multiplieation of AVE when the animals
vere troatod with cortisone and given a vhole dody
Srradiation vith a dose of 150 »e to Impatr the Lavune
responses Binford (1968) studied the transmission to the
golden hamster axtensivoly. [orsaly cortisones tysated
and frradiated animuls were used. The injection of M lapras
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intestis and ear Lobey induced histiceytlo grawuloms after

€1 weoks, that could ba successfully passaged to new

enimalss HNiven and Waters (1983) and Waters and Hiven (1065),
in attompting to repeat Binford's work oDserved granuloms
containing AVB an@ nerve fnvolvement in ear 1obe tut mo
jestons in testis. This infection was passaged upto two
passages resulting in the limited smitiplication of

Ydarrase

Mgusa vas the animal model which ascisted in
transsiscion of HelsRras, 10 slxost evory attempts Chatterjee
(1968, 1968a) selected a hybrid disck mouse and injected
1t subcutaneonalys Sntraperitoneally and Antracersdrallys
4 heavy and gensralised fafection was observed that vas
serially passagsd upto third passages But these resuits
could mt da confirmed by other latoratories imvedintely,
Sato (1962) falled to producs progressive lesgions in Pp
hybrid mice, bDut pin~headed lepromas were Observed in
mesentry, soross of lives and spleens Jancsens and Pattyn
{1965) infected foot-pad of mice and passaged the infection
t111 four passages, But Kirchheimsr (1064} folled to
transnmit tho infection via foot-pad to mice.

Vitamin Be deficlent dlet was the traatmert oy
rats, that 1e8 to glodbl formation in the tostis (Bergel,
1969)s Wilkinson (1962) fai)ed in iuducing muitipiloation
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in white yat on intratestioular injections, The white
Wister rat, mdel of Hilson (1965) dsmonstrated limited
sultipiication of Milsprage yieiding 107APBe In the
lesicnsy the maerophages harboursd the bacilide

Many aiscillsnecus animals Jike fowl (iagat and
Hayashi, 1945}, rastnbow perch (Chousinand end Bessely 1982),
Chick eobryo (Babil gt aler 1954), turtle=anoiis lisard
«(Fite gh aley 1968),guines pigs (Kirchheimer, 1964),
gorarish (Pattyn and Van Loo, 1774), t0 name a fav,were
tried for tranmmission, dut obtained only negative data.
The sxlient featurss of these experiments have beon
sumzarised as follows §

1) Yost of the experiments vere only of exploratory nature
vithout any gquantitative paramster for determination either
mltiplication of organisms Oy histopathogenesis.

11) Despite tho aim to find a suitable andimal wodel vith
atove 1deas in mind, nons of the worksrs waited jong enough
for the lesions to develODe

141) Inconsistency cropped ing due to indifferguce to
quantitstive paramet erse

{4v) A fow apparently successful sttempts vels neither
followed up nor applicd for any specific enquiry, esge
chenotherapy or histopathngenesis.
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The mile=stone in the experimental human leProsy was
intyofuction of footwpad techaique dy Drs CuCe Shepard
{19€0) which was & systematio approach towards transmission
of Malernras to mices

Two other mycobaoteris vis, Miulcerans snd Mdalnai
eausing dumen skin infection were found to muitiply in the

footepad of mics vhich 1s & relatively ctolor tiasue,
Therefore, foot-pad was chosen as a site for dnjection.
The injection of 10°to 107organisms 4n the footepad yields
10% to 107 organisms per footepad, vithin 8 to 10 monthes
The growth remches its peak at this stage; and thereafter,
the pusbor decreasss but the baciilili do not dlsappear
completely from the foot-puds Thus, the Malanras mitiply
to & Aimited extenty 1ocally in the footepad (Bhepard, 1960).
Histologically, the infected foot-pad showed microscopie
gramloma vithout necrosise Mouse to mouse Dassage had mo
sffect On the growth Pattern of Mylevzas (Shepard, 19€2),

The 1dentity of this organies, mitiplying in the
foot~pad,; as Msleorass vas confirmed by testing the lepromin
proparation of these basdlll in leprosy patients, vhich
evoksd a negative reaction in 1L cwses (063} and a positive
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vesponse in 77 cases {(BE) (Shepard, 1963),

In 1063, at the Rio de Janeiro Conrress, 'the limited
muitiplication of Mylapraa in the mouse footepad! was

proyosed as s specific character of Milebrage

In & comparative study of Becold and Milagras by
elestron microscopy and staining propertiec, it was observed
thaty the »01idly stained organisms are uniformly electyon
dense, vhereas irregularly stained organisms are irregularly
um:m{dm». Tor Bstolls the colony count decreased
with the increase in the ssubder of irregualarly stained
organisas (Reos and Weddelly 1968). For Hoadrass 30 the
absence Of any othey oriterion for viabliity, it was
generally accepted that the solidly stained organisms are
viables; vhile baaded or irregularly stained organisss
are mon~viadle {(Shepard, 1065, 1971).

This Llimited mltipiication of Hylevras in the
footered of & Wouse was confirmed dy Rees in 1084,

The teehnique was Imsediatoly aprlied to studies on
(1) Chemotherapy, (11) Pathogenesis and (111) Imsunology. |
These studies with souse foot~-pad system have rsvealed a
ausber of unknown features about leprosys
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(1) Josvivg.chamotharapentio atudisa

Ono of the prodlems in leprosy, that nagded attention
vas the as-ay for nev drugss Therefore, Shepard diverted
his studics towards-the exporimental chemotherapy using
mouss root-ﬁue technique and studied the effects of
different drugs on the multipiication of Mulepras (Shepard
and Changy 1964, Rees, 1069),

The alnimus inhibitory aa;untrmton of DIS yeguired
was found to be 1 %0 10 ngw/ml of serus level (Shepard,
10695 Oelber gh ales 1973)s This sxplains the
effactiveness of DD3 in the treataent of leprosys

The prasence of DDS resistant organisms in the LI
patients mot responding to the treatment vas desonstrated
for the first time using the mouss foot-pad model (Pettis
gt.Ales 1968)¢ The Kinetic method » wilch minmics the actual
therapeutic trestment « made possidble the study of the affect
of the antisleprosy 4rugs on an established infection in
sicses 7This revealsd that only DDS, related sulfones releasing
DD8; clofasimine and rifanmpicin are daotericidal, while the
rest of the drugs are only bacteriostatic (Shepards 1967 a,
1970 The rapid dactericidal activity of rifampicin was
demonstrated Ry similtenecus clinfcal and experimental
trials (Reos st aley 1970,
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The mouse footepad tochnique fully justifies its
role 4n experimental chemotherapy, which was used $o study
the effeot Of nev drugs having s brosd spestrum of activity
sspecially against aycobactorias Many pewer drugs and
derivatives of o)der drugs hsve boen tested ogalnst
Maleoxag usiog this technique Defore large scale clinical
trialee

The eoffoct Of condinstion of drugs on the mitipiie
tation of M lebrasy in the foot-pad shows that clofasiwmine,
ethionamida, dapsone and rifampioln on cosdinstion,
potentiate sach othors activity (Shepard, 1976), Also
studies with resistant organisas show that rifampicin s
fully active ngalnst dapsons resistant strains (Rees,
ot aley 1970),

{11) Rathonenesis Ao Aanrosy

The injection of 10° to 10% organtens &5 the foot-pad
of a novmal mouss yields 10° organisms after 6-8 months
(Shepard, 19605 Ress; 1964)s Microscopic graauioms vas
obsarved histologieally without necrosis or foot-drop of
the fnoculated fuot-pade The systematic histologlosl
study of the footepad demonstrated that Malevgas involves
the atristed muscle £ibrs initially and throughout the
period of bacterial mmitiplication (Paimer et als, 1965),
Other mycodacteria studied in comparison inclnding
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Halapraesurium could not shov muscle invasiony rmaunz
that "Unequivocally none of the other specios of
mycobacteria 1e8sy Machariotler, Machattsxios, and
Nandoaranss Hamariouzs Mauberculosis, BeCeGe had »
comparable prediliction for muscle fibres* (Rees and Waddell,
19703 Rees, 1769)s This choervstion drev the attention
towvards the faportance of muscle biopsy in human patients.
A seriss of muscle biopsies ware then examined (from LL to
17 cua); The aocid-fast Malanras vere always observed
~ in she striated muscle £ibres, non striated muscle fibres
02 the broast and scrotum (Reesy 1971)s

The spread of infoction also ocours in oormal mice
 Anoeuiated Antravencusly and is confined to the same sites
of prediliction (Weddell gsh.nles 19713 Rens and Weddell,
1968), ’

§¢11), the infection of foot-pad remained localised
and 414 not ylold a very high musberes TherefOre, an
attempt vas made to drastioslly suppress the fmmmologioal
capacity of the animal and thon study the pattern of Infecte
fons The anims) was thymectomised and irradiated (whole
body irradiation - 900¢) (Reesy 1965). The animals so
treated, yialded 1000 times more organisms than in normal
Seeey 10” per footepade These organisas, on injecting
bask into norme) mice showed a peak growth of 10% within
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6 months, remsinicg steady upto 12 to 18 mooths again
(Reen gt a1+ 19673 Shepard, 1968). '

The phencmenon of foot-drop was observed in 2/900r
aice injected Jocally or Smbravesousdy with 10% Molapran
after 20 months « involving peripheral norves. Five
percent of such snimals develop functional abaormalities
of ops or both hind Aimbs, progrosolvely worsening as the
animel grows older (Rees and Weddell, 1968},

Thus, the norms) animal repifcated 'BI' type of
human infections the T 900/w, animals wers alvays detected
in the endotheldel colls of the bload capillaries,
indleating the spread of the infection by bacillaocmia
{Reocs, 1069; Rews and Woddell, 1970).

(111) Bxporim

A JMoited multiplication of Halgoras in the foot-pad
of normal mouse confined Lor the first 8 months, resembled
vorderiine Leprosye Zhe prolonged incubation time,
suggested a weak pathogentoity (Reese 1970,

The T/900r mice totally mippresced for thsiy cell
medisted fomune (CMI) responses, showed a apread of
infectfion and the pattern of infection resendlasd B1L form



in human patieste (Reesy 19€0)e %Zhe replacement of
imsunocoapetent lymphold cells in mice with an established
$nfeotion changed the pattern of the disense from LL to BD
or B, type (Reos and Weddell, 1970)s These findings
demonstrate the role of CHMI 4n loprosys Also, 8t i3 the
iz uns competences Of the individnal patient that may de
Piaying a vory important role in determining the type of
disense (Rensy 1970 &3 1971),

Studies 1ike the one by Havalkar gt al+ (1974) have
demonstratod that foot-pad mode) can be used to study
procraasion of iawvune status ajong with the disense state.

More recently, studies in vaccination of mice
againat M. o laprag iofection, has proved the feasibility
of a vacoina agalnst leprosy which will be a major break-
through 42 acheived (Shepard, 1965 af 19665 1976 a)s

The Aaportant contributions of the mouse foot-pad
10 experimental human leprosy ars summsrised as follovs
(Reus, 19735 1969),

8 Por the fivst time, it was possible to grow and
enumerate Nglorras in an animal model with consistezcy and
regularity,

41« The normal and /000y mice holped in understanding
the pathogenesis of leprosy, revealing the importance of
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muscle bippsy; atudy of the viability of the organisms, from
the blopsied tissue,

3311, The mouss Post=pad technique, allowed tO sowoen

A4 fferont anti-leprosy 4drugs before its actual use 4n
therapys It wae possible with the help of aouse foot-pad
technique to demonstrato the presence of drug resistamt
organisms in the patients not responding to DDS, tiow, it
has also made easy to monitor ¢lintcal efficacy of the
aruges | |

ive It &s the immune competence of the individual that
determines the type of disease in human, was also understood’
from the footepad infection of normsl and 37600 r. groups
and the replacement of immuns compotent lymphoid tissue

in 1/900 » animals,

Ye It plays 'mw a major role in the search ¢ wvacoine
against leprosys

34243+ DEVEIOPNOSZ OF LB AR

In spite of the success Of mouse foot=pad technique,
the search for an animal model for getting higher ylelds
of bdacilif continued with vigours The spectacular discovery
of this search for a now mm; was the iafection of ninew
banded arsadilio (Duaxpus noweminctusy binnde ZThe low
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Yody temperature, & possible weak im-une response and the
Jonger 3ife span of this primitive mammal attracted the
attention and may have contributed to the success of a
model systems for leprosy (Storrs, 1971)s

On iafection with Maleukagy the armadilio developed
s massive infeotlion of lepromatodd type of Jeprosy within
14 months (Kirchheimer and Storrsy 1971)e The inoculated
skin sites showed maseive nodular lesions with intracellular
organioms and typleal lepra cells were observod.
Hestologicallyy It shoved a severe apread of infection
to skin, liver; spleen and lysph nodess The infection
difTersd from 'LL' type 4o leprotic pnoumonities, leprotie
meningit §s (1.044 iovolvament of C58), a severe wide
spread bons marrow fofection and oesophageal fnvolvement
{Eirohheimer gt ales 1972, Binford gt als 1978). The
soid-fast bacteria 1solated from skin and lymph mods of &
arsadillo showsd multigiication fa the wouse foot~pad
after 6 wontha, and also & &opaoxidase positive reaction
(Kirchhelmer gf.ales 1972) Otorrsy 1978)s Paripheral
Derve involvement dne to Halapras infection was sled
observed (Jasan and Binford, 1973)e Zhe pyridine extraction
test and the iamune respoase to the antigen prepared Irom
thoss bdacilll presented resulta ddenticsl o Mlepras.
{Convit und Pinardt, 1974)e Comparative studles on lepromin
with armadillo Moterial antigen in leprooy patients, have
ahown that both antigens give similay weak resctions in
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L1 Syps wvhile oorrespondiug strong reactions in % patients
(Mayers gt nles 19753 Milier gh ales 1978)s

$hase abaervetions confimmed that armadillo develops
lepromatold type of leprosy with Mileprae fnfections However,
the frequeacy of "takes® 1s low = 40f, Yet, this high
yielding model ~ giving 100 gmss 0f infeuted tizsues Doy
enimal s indeed of & great advontare and this matarial s
being extennively nsed for warious fnvestigations in
leprosy and for blochemicsl studies (Btorrs gh alss 1974),

8t111, there is nood in leprosy research foy
experimental andmals which would present fewer problems
than 40 the armadilio and the mousss ¥Work on many 0}d
models 48 Deing Yevived eegey chimpanses (Binfowd, 1968
Donham and Leininger, 1977)y neonatsl.y thymectomized Lewis
rats (Pleldstes) and Levy, 1976 a) and never animals are
being trieds XKirchheimer (1978) has revieved the receat

sdvances 4o experimestal transmission of leprosy to animals
where veforsace 48 sade to the European hedge-hop, the
slender loris (India), the Xorean Chipsunk and the most
recent white handed gidbon (Yaters st ales 1980), in all
of vhich some prelisinary work has shown promises

Zhe footepad infection, in spite of its limited
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nature, has been used successfully for testing drugs for
antileprosy sotivity, Thus, it has been shown that vhen
Halopras s dnjected into the foot-pads of mice treated
vith lnovn antdleprosy drugs tho organisms fail to muitiply.
Thoreforos the mouse foot-pad infection provides,for the
tirst time, a specific test for soreening nev antileprosy
drugs and the search 4s no longer restricted to drugs that
are known to be active sgatnst Mutubskouloads (Rees, 1660),
This technique 13 used not only for screening drugs but has
alss been specifically appiled to determine, for the first
tine; the minimal Anhidbitory eoncentration (MIZ) of drugs y
1ike DS, in-yiva againat strains of Meletiag from
previously untrested patieats (Shapard, 1967 by Rees, 1967;.
1967 ale That Malopras.io the mouse L3 exquisitely
sensitive to D16 %s an unsxpected f£inding bacause all other
species Of mycobacteria ars relatively incensitive to
sulfonsse Bxtrapolation of the findinge from mouse to man,
sugrests that a dsily dose of 1 ag of DIS vould de effective
in man (Rees, 1069). This londs support for using lover
Goses of DD3 in man, to reduce the incidence of reactions
vithout the foar of diminishing the therapeutic efficacy
of the drugs Unfortunately, such Jow doses cannot be used
because of the poasibility of the organisms devoloping
resistance, vhich has once aguin been proved by the same
 technique (Pettit gk alsey 1960§ Reosy 1967 ale The
possibility of drug resistance, aust therefore be weighed
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against the advantages to be gained by a significant diminn~
tion in the incidence of serious resctions, Oimflar, btut
less extensive studies have demonstrated the emergence

of resistant Meloprae to many other drugs as welle

The footw=pad Lofection technique provides an
sxperimentnl wodel for investigating the prophylactic effects
of warious vacoines (Shepardy 1966 a} 19663 1976a).

Thus foot<pad infection fully Justifies its role
in the experimental chemotherapy in leprosys

a8 bolonrs to Genus ~ Mennbacterium,
Ay Class « Schizomenstagy Order «

The organisms are atraight or slightly surved rods,
16 ¢08 /a in Jength and 02 to 045 }u in digmeters The
ends are rounded or biuat but may be polated aleoce Lhe
organises are acid-fast, Oramepositivey with Ziehl ie-lson's
stain, 1t stains more deeply then Haibleroulosigs It say
also show deaded formss Ihey are non-motile and non
sporings In smears, it aprears in glomeration termed
*0lobi" &n the form of tightly packed bundles of cipgarsg
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a large nusder of free acid-fast dacil.i are also ssen.
Zhe m‘fgv are characteristic of leprosy organisma as Se-n
in smesrs OF sectiomof lepromatous nodulese It has been
suggested that 'globi' are colonies of bacilli growing
vithin an Antracelinder meabrane.

. Flectron mloroscople studles shoved uniform electron
denss arens along the cell wall of the iiving bacilidy
wvhereas only pits wore secn in the cell wall of dead
bacillis The colonies of bacilll are fovnd to0 be
surrounded by a peripheral 'halo® zone (Bﬂ.gar £t 8l ey
1089y Hishiura, 19603 Hanks, 1061).

Bacteriologically positive nodules (3¢) wers excised
from the ear 10bes of the LL patients, attending the 0.P.D,
of the Aevorth leprosy Hoapital, Bombays The nodules were
eollected n sterile ESS containing peanseilitn (100 w/md))
and streptomyein (100 }u/ﬁ) and brought to the ladoratory
in fev hours and used as a source of fresh YJderzase The
reference data of the ease fyom vhich Mlerrag was nsed
for the current studies is as follows #
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Hame ¢ Saysnna Balanng

Regs Mo | ¢ 10289/80
Date 1 4,9,80
b) mice,

3 months 014 mice (average veight 18420 gms) of
the inbred girsin CRA wvere used for footepad fnoculations.
these animals were maintained in en air~conditioned animal
house and wers fod on pellet food (Hindustan Lever).

o) Druga/Chandcala/Conranadn

Zhe drugs and compounds tested Sor anti-leprotic
activity by the 'footepad’ technique are ss descrided
previonsly 4o this chaptere

Trypain (m units/ge) was from Mereks Othey
youtinely used cheafcals were of AR« grade vith o
preforences reparding the manmfacturers

4} Qlasswara

Test tubes, patri dishes eto. (Borosil, Cornirg)
vare used, For smuseration of the bacilli, specially prepared
ring slides (1 cm dla circles) were uieds
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374602 MELIODS |
(a) Purification of M,leprag.from biopsies

The nodule odtained from a human patient was cut
into small plecos with tho holp of sharp sciscors and
homogenized using 0.26% w/v trypsin solution. The dacilld
vere soparated from the tissue by using Mickle shakers
The mbanalop was aliowed L0 stand for some time, 80 that
the tissue fragcments sedtle downs The supsroatact vas
eautiously decanted into a centrifuge tube and spun
slowly tO settle down tissus particless The supernatant
was decanted once agaia and spun at 3000 xg to settle
avn the bacteriss After discarding the supernatant
the pallet was suspended in 2,0 1 of sterile Hormal
8aline and stored in a refrigerator till further use.

The whole procedure was carricd omt in asceptic condition,

(b) Standard amear rreraration

The mothod 43 based on the Breocd's technique for
counting bacterta in milk (Topley and Wilson, 1964), The
principle of this method 4s as follows ¢

A kown or standard amount of mt.ei-m suspension
is spread on a standard area ond stalnede The average
number of bacteria or organiams per unit area or per oil
immersion field is countede From this gumber, the total
mumber of organisas smeared on the standard ares can be
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estimated. This gives a good estimation of the number of
organisms per ml iz the Laoterial suspsasions Tha method
described by Hart and Rees (1960) was used 4n the present
sgudy,

The amears were prapared on a marked slide with
four circies of 1 cms dlmmeters A plstinum loop of
standard virs guage vhich was praviously calidrated vas
useds X he:l.;'! 0,0002 sl per drop of the suspension,
A joopful of the bacterial suspension was cpread on the

marked area and allowed to 4ry and later the smesrs vere
fixed on steam (100°C) for © mimtes.

(o) Gtainine.nf the sgeara

The £ixed smears were flooded with freshly filtered
Ziehl teslson's Carbo)l Fuchsin solntions The stain was
heated until it started steaalng geatlye Heating was
contimued for five ainutes interaittantly, taking care
that the smear is always fiooded with the staine. The
21ides were later aliowed to stand for 15 minutes. The
suears weres washed under tap vatery decolourised with
acidenlcohol mixture (3% hydroohloric scid in 95£ ethanol)
and sgain washed with waters The azears vere counter-
stained with 1f Methylene Dlue for 2 minutes, and air 4&riad.
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aasaxa (Shepard and McRge, 1068)

Counking was carried out under a Particular oiy
famorsfon lens {100x) and oyspiece (10x) throughout thse
exparisent, ZTwenty five fields along the &lameter of gach
smear were counteds ZTotal of 100 fields from four standard
smearTs propared; were scoreds The averags mmber of
organisms (g), per field vas determined. The ares of the
f1eld of of) immersion lans {g) and tha area of the
standard smear ()) was dotermined. Henco the average
nusber of organisms per standard stoar = a,_i.; vas
caloulateds This wepresented the nusber of organisms in
04,0002 Ml of original dacterial suspension and thus the
musber of orgacisms per mi (§) of the original suspsnston
vas estimateds If the ordginal auspeasion was diluted
befors preparation of standard smears, the dllution factoy
was Saken Lo conaifieration for determining the aumber of
organisms pey ml Or per footepsd.

The dose and route of administration was as described
by Shepard (10003 1062)s The oripinal dacterial suspension
oy inoculnm was diluted with sterile Hormal Saline, so as
to contain approximately G¢8 x 10° AVB/m]l of the suspensions
Prom this finsl incculum, 0.03 ml {corresponding to 7.5 x 103
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AYB) wvas injestod into the right hind foot-pad of esch
mice superficially. This volumo balloonsd upon injection
and then spread longitudinally throughout the foot-pads

EAYVSERANE Ehe O3

: 7 M1 B Y W Qok-RAL I(ﬁhﬁp&?ﬁ, 1960.
19623 Reas, 1064)

| Harvests vere performed by cutting off the foot=pad
with soissors and forceps just below the halr line. The
tissue was then minced ;hﬁ'oughx:r vith sharp scissors,
Piaced in the cup of a Mickie dlsintegrator with about
tvamty,; D3 mme glses beads and 1 to 2 m) of 0.25f w/y
f‘reshly prepared trypsin solutions PFifteen minutes
vidration in Miokie disintegrator with sinisum amplitude
was used,

The fiufd from the Mickle cup was transferyved to
a tude, Clusps of tiszue wers alioved to ssttle for
10 minutes, and the cupernate was carefully removed with
buldb and pipottes This was used for preparation of
standard smoars. The volume Of trypsin solution used vas
recorded ot cach operation and taken iato sccount in
the final calculation of the ausber of acid-fast bacilii
harvested per foote

Infectious procautions were observed throughout
the procedure,
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About 400 normal (BA mice wvere injooted with
7.5 x YPAFB per footepad (right hind foot pad)y The
imoculated andmalas weve kept in alreonditioned room
throughout the experiments ZIhese animals vere divided
squally into 15 groups, inciuding the ons which served
as controle ALl the anlmals were provided food and
vator a8 Jibitum during the period of experiment.

The chemotherapsutic activity of the drugs was
studied according to Ghepard's kinetiec method of testing
of drugs (Shepard, 1067 ale The groups of inveulated
animals wers fed with different dosss of drugs to be
tested, sy follows @
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et 8
nm', g tested Concentration of drug
* - in the feed
— : N —
Wiwdy e oo
Re4681 0.00%
Red7864 0,018
Re3452 00158
Re3647 0,008
ADLy* ‘ 0,008
_ 0,001 8
AD=Dp® | 0018
0,001%
0,0
_ADeDp» | e lﬁi
AduDp* 040158
040015
Control «Ni1»

* concentrations exprecsed in terss of
Dapsone content of the molecule.

The anfmale wers fed with the drug aixed feed
{povdsred Hindustan Lever pellst food) from the ¥ist day
(2rd month) of the injecticn of the bacilld and continued
upto 180th day {6th month) post idnoculations

Yrom the 6th soath Onwards and overy sonth thereafier
ecounting of the bacilli was done from the infected foot-pads.
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A batoh of 2 to 4 animels was sacrificed each month from
each group under treatment as also the contyol proup and
bacills vere harvested and the counting donee The mazimum
persod of obzervation for the experiment was 10 months
aftor injections During the course of the study, s few
animals died scaldentlye |

Growth curves were pilotted with baclllary
count/foot pad on ywaxis and time in moaths on the x-axis
(Peger 12 & 15 ) '

 The presont saries of experiments were primarily
designed to atudy the anti-leprotic getivity of the
synthesised DD3~aming acid conjugatess viz., ADTy,
AD=Dp, ADeDp, and ADmDp, as compavred to thot of the
parent sulfons DIS.

Mager (1964) has strongly advocated the in-~yitye
scresning of newly synthesised anti-leprosy drugs, asimce
4t %s rapid and requires a small quantity of the druge In
0onparison vith Other assay systems used in the past,
ths turdidity essay aystem using ICRC dacillli has
several advantagess The results of the oxtensive studies
by Khanolkar (1972) and Modak (1977) show that the
requiraments of in~yitrg drug screening are fulfilled dy
this slow groving organimm ~ XCRC bacfllde
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Studies by Mddak (1977) demonstrate that the
sensitivity profile of the ICRC dgoilll to sta.dard
anti-leprosy Grugs ciosaly resembles that of Malapras
and 4irfers from other mycobacterial strainse DIX was
found to De bactericidsl $o0 the ICRC bacilli at 100 fm/uu
rifanpicin and thiacetanons wers bactericidal at 10 ﬁg/n and
80 }a.g/nz. concantrations respectivaely. I, PAS could
only 4nhibit the cuitures while streptomycin and Kanamyoin
had mo effect at alls On comparison with fn-yiyg data
on drug sensitivity of leprus by foot-pad model
(8hepard; 1971}, the above data on 4rug sensitivity of
ICRC bacilll s very ismpressive and thus strongly
suggests that it can serve as en excellent model for
primary in-vitro soreesning works

To test the suitability of turbidimetric assay
systom using ICRC baciill, EKhamolkar (1972) subjected
s series of 50 compounds for antileprotic activity testinge.
These compounds had shown activity against Huberculosia
(ﬂa,,a'). Although 18 of these compounds wers found to
be active 4in the fn=yilrg system against ICRC dacilii,
the such needed confimmation by the {n-wive system was
oot doney to determine the walidity of the model for
in=vitrg chemotherapoutic screcning mgrwmes.

The first of the series of emperiments conducted
was thus to dstermine the validity of the mdde) for
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iosvitrg chemotherapeutic screcaings With a view to establish
8 corralation betwesu the iu-vitro turbidimetrie assay

and fg-vive foot-pad techniques four compounds {ooded as
RedG51l, Re4764, Re3652 and R-3647) were tested dy both
systems, Ineidently,; the compounds were obtalned from the
Same 3oUFae as those used dy Khanolksr (1972} and shoved
activity agatnst Miinborqulosds (Ho.R)s |

0f the four compounds, compounds R-3647 and
R~4754 had almost no inhiditory effact on the ICRC bacilid
(Rofs Pigss 2 & 4.) at the concentrations tested. Compounds
R-4651 and R-3682 showved some activity at 400 Fe,/u
concentyration in the fo-yiire systems. This lack of activity
the compounds was also reflscted in the iexivg testing
by souse foot-pad tachnique (Refs Pigil4), where the
basterial counts for all these druga was betwsen 10° and 108
APR/foot~pad botween 6th and Bth months. 0 the four,
compounds R=4651 and R=3652 vere found to de more activey

in doth the Ln-vitxa and fu-vivp systemss

A good correlation was obaerved detwsen the Ln-vitro
and fn-viyp techniques and the in-vitre techniqne was
found to be an indicator of the activity of the arug
{nexive.

In another set Of exporiments, the effaect of amino-
acids Letyrosine, L~DOFA, DL-~DOFA and methyl-DORA nsed &n
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the synthesis of the compounds, and which are shown te d»
acted upon by Molarras activity vers studieds The results
shov (Ref. Pigs, S to 8) that tyrosine, 1L~DOPA and
DL=DOFA and methyl»DOFA had very 1itile effect on the
grovth of the ICRC bdacilld at the concentrations tested.

The results for tyrosine and DOPA were consistent
with the results of Modak (1977), who had tested these
anmino scids for their suitadbility in the culture medis
for growth of ICRC bacillie

DOPA oxidase sazyme has boen observed to be
specific only to Hedeprage N 38 claimed that DOPA
provides alternate cnergy source (Prabhakaran, 1867 b) yet,
1% vill be Aiffioult to even observe the role of DOPA
in in-vitra rvowth of Malenras decause of auntowoxidation
of IOFA in solutions Thess results also prove that any
contamination of ths respective aminoeacids in the
compounds will not interfeyp with the activity of the
synthesised compounds, |

The offects of the synthesissd DDSeanmino acid
conjugates vigsy ADTy, AD-Dp, ADaDp, ADnDp as compared t0
D8 on the ICRC bacilli was studied, before extensive
n-wim studies by the footepad techniques

I8 (Figsld) showed a complete inhibition of the



grovth at 400 f:g/n concentration with o minimum Snhibitory
gonecentration around 100 )u/n-. These Tesults confirm the
results of Modak (1977).

In comparison, ARy (Pigel) showed mo complote
inhidbition even at the highest conosutration tested md
was thus faactive in the Lo~ritrg studies against IURC
Dacilite

Compound ADaDp (Figs l2) demonstrated an activity
profile similar to DD3, with nearly complete ianhibition of
the ICRC bacills at 400 ):;/n, (00s equivalent)ooncentrations

The ¢two DOPA conjugates vize, AD«Dp and ADsDp have
shown detter inhidbitory activity than DIS in the foeyityro
system against the ICRC bacilif (Pigss 104 11), AD-Dp and
AD+Dp showed complete fnhibition of the growvth of the
RC beadlll at low concentration of 16 )wlun. and 80 }u/l&
(DDS equivalents) respectivelys It appears that the
minimum $nhibitory concentrstions of these compounds is
around 20 )ng_/n (D08 equivaleats) much balow that of DDB
{100 )u/nh Thess results ars very ispressives

With a view to confirm the results of pn-=vitre
testiagy the above mentioned four DDi-amino acid conjugates
and DD were subjected to {n-viyo testing by the foot-pad
techinique at two concentrations eachs
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The grovth of Malopras fa footv~pad for the
0ontrol group was found to de good with 82 x 108 AFB/foote
pad ot the Oth month, reaching s peak st 9th month
(6.5 x 108 AP/ foot~pad) and & merginal decrease in the
eount st the end of 10th month post inoenlation
(Ref'y PigsslS)e

In normal mice, Malopras sultiply locally to
vield 10° to 107 organtams per footwpad, vithin 6-8 months.
The grovth curve reaches its peak « a plateau « at this
stagoe and by 12 months  the nusber of organisms in the
foot-pad doclines, This pattern of growth curve has been
shown to be a characteristic of HJlabras alone and a
similar grovth pattorn which has boen obssrved in the
present expariments

Ho AVD were dstscted at the 6th sonth harvesting
of foot~pads from DIS, AD~Dp gnd ADeDp groups, indicating,
the high fahibdbitory sotivity of these compoundse A vely
Jow bacillary count was howvever observed for the
conpounds ARy and ADmDp (less than 105 APB/footepad),
thus necersitating ths extension of the experiment period.
Subsequent harvesting and counting was done at the end
of Bth, Sth and 10th months.



The DDSwguinoencid conjugates ADnDp, ADZy, AD-Dp and
ADsDp wers all found to be effective by the mouss footepad
technique (Figel5) with a bactsrial counts betwaen 10% ana
10% APB/foot-pad for Bth to 10th month readingss The
corresponding readings for DDS ware betwean 10% and 105 for
the same months,

0f the four DDS conjugates, ADuDp and ADIy showed
dose dapendant inhibition of the growth ©f the bactoeria
{5 the foot-pad, while lower coaxcentrations of AD-Dp and
ADeDp showed Detier activity.
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Leprosys 1s one of the Qldest and the most dreaded
digesse affiicting mankinde Although great advances have
been made in the trastment of this 4iseass during the last
three decades, the trestmont is far Lfyom satisfactory.
One of the first chemotheFapeutic agents = dapsons =~ still
continues to de the main drug in the treatment of leprosy,
because of its lov coat, high efficacy snd lesser side
affects.

In the past few years, tho emergence of drug
resistant strains of MJlapras is becoming a serious
problea in the treatment and coatyol of leprosy. Gulfons
vesistance, which has now Deen imown for several yoars,
3s on the incresscs BDesides, the probiem of'persistance’
of the dacilil evea after yoars of trestmeat with drugs
1s another faportant aspect to rackon with in the fight
againat the diascasss

To add to the dismay, is our little inowledge of
Hyoabagteriug lavragss the oausative orgasism nov known for
almast over a century. Mglapras remalns the sost
obstinste microorganism knowvny, resisting all attempts of
emituring in an artiffcisl medium. DBesides, transmission
of the diseass to animal models is also > limited and
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whereever possible, s a0t an exact replicate Of the luman
form. Malaprag d0es pot fulffl Xoch's postulates and
has been a great hindrmnce in ressarch work in Leprosy.

I 15 only in the last decade that vith the
sstablishment of the © banded arandilloc as a model for the
study of loprosy and other diomedical resesrch (Xirchheisey
and Storrs, 10713 Storrs, 1971) that a good supply of
MJsleprac 18 available to the researcherse The result is
the extensive i{msunologics)l and biochamical studies being
reporteds ' |

One of the most significamt discovery reported in
the recent yoars is the presence of the charasteristic
ensyms 0=diphenoloxidase in Malshrag by Prathakaran and
bis coworkers (Pradbhakaran and Kirchheimer, 1066}
Pradhakaran gt ales 1975) and the uptake of DOFA by
Malanrag as a sudstrate for its snergy roquirements
(Prabhakaran, 1073),

A recent finding by the same group of worksrs has
revealed that the drup dapsone dous not penstrate
Malopzas d0-vitzg to any apprecisble extent (Prabhakaran
2k ale 1980) and consequently does not fully inhibit the
snsyse O-diphencloxidase, nesvessary for tho survival of the
bacilise
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Could the developmont of the permeability darrier
be the reason for the problems 1ike 'dapsons Pesistanee®
and *hacterial porsistance'? It was based on this
hypothesis that compounds ADTy, ADsDp, ADsDp and ADmDp
~ vere synthesised o that, bocause of the substrate
specificity of Yelanrag, the coapounds could bs aotivily
taksn upy resulting io the accumulation of the 4rug 4n the
bacterdal oeli with higher iuhidbition Of the easymes
Oediphenoloxidase 48 & copper proteine The 8 atom of
DDS probably binds the copper and inactivates the ensymes
As such, mtetions involving the snsyme protein would mot
1apatr the effectiveness of the druge Rifampicin, vhich
1s Bactericidal to the organism exerts its antibacterial
sction by Minding t§o engyme RUA polymerase. When &?n
aning acid in the ensyms protein is sudstituted due/a
single stop mutatfon, ths antidbiotic s no longer effective.
If Halepran bocomes resistant to DD3 by deweloping
permoability barrior for the drug, dapsone ocomdinsd with
asino acids = the normal sudbstrate - Or Other similay
compounds, would not only be more effective against
leprosy than dapsone alone, but would alaoc be active
agalast drug resistant strains of HilaDRame

The need to test the activity of the synthesised
DD6 conjugates on an JO-TiLEQ culture oystem, especislly
for such & permeadility problem study like the present one,
vas obdviouss A confirmed Nilaprag cultivation asthod
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in=vitzn 1s not avallable till this dates Mayer (1964)

has strongly advoaated the uss of bacterial strain clooely
resembling MJaprase The siow growing ICRC bacilii fulfilled
most of the requirements of an Jaswitpg test strain with
sensitivity profiles odmllar to [elaprage DBesides, the
turbidity assay system hod seversl advantages and could

be easily adopteds Thus, ICRC dacilli were used as the

test organiams for in-viiyn studies.

| Testing of the inhiditory activity of componnds »
Re4661, R-4764, R-2657 and R-9647 on ICRC bacilli dy
dn=yitre turbidimetrio assay and against M levras by
mouse foot-pad technique revesled striking correlation
betveon the results of the two techniques. This furthey
streagthensd tho reassons in favour of the use of ICRC
bacilit for insxiizg testiog before confirmation of the
activity by the foot«pad techniquss This exporiment was
an extension of the earlier experiment by Khanolkar (1972),
vho screenad & eeries of £0 synthetic compounds by the
do-xitrn turbidimetrie assay using ICRC bacilll, dut
the activity was not confirmed dy the foot-pad methods

Rone of the amino aolds tested vise, Lyrosine,
L=DOPA, DLeDOPA and methyl DOPA had any significant effect
on the grovth of I'RC bacllils Dopa oxidese onzyme has deen
observad to be spacific only to Mularrage ¢ 15 claimed
that DOFA provides alternative energy souwce (Fradhalaran,
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1967 b)y yet it vill be difficult to even Observe the role

of DOPA in in=yitxg grovth of Malanpag because of gutooxidation
of DOPA in solutions ZTyrosine ~ the precursor of DOFA - gleo
shoved no effect on the growth. These results vere

consistent with those obtained dy Modak {1977),

In the final set of ewperiments four compounds
ADTy, AD=Dp, AD¢Dp and ADmDp were tosted for their activity
by the in-yitzs systom uaing the 1CRC baciliis The results
of the grovth inhiditory activity of the compounds
synthesised as compared to DIG agalnst ICRC are briefly
summarised as follows which load t0 some striking
conclusionse

A0-witrn tastiog ¢ Decreasing order of potencye
AD-0p S ADvp > ADmbp S DS > aAlly,

The results clearly indicate that better panetration of
DDS and consequantly better activity can be achieved dy
coupling D03 to s suilable carrier molecule s.ge,an
aminoacid 11ke DOPA and thus proves the corrsctness of the
hypothesis, on which the present work is bdased.

Anothey important feature which striles out 1is the
importance of the phenolic groups in the drug molecule /
conjugated compounds A roview of the Structurs Activity
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Relationship (SAR) of dapsone derivatives substantistes

this facte Of the dapsone derivatives synthesised in the
pasty the ones with fres terminal phenclic groups were
surprisingly more active than other compounds (Colwell gt ales
1974)¢ It is also known that phenolie groups inewease 1ipid
solubility of the compounds, a factor which plays prins
role in the penstration of a drug into a bacterial cell,
Aike Malaprag which has s thick waxy coate 3Ihe higher
activity of DOPA and ts $somers {vith two phenolic groups)
as against tyroaine (with one phenolio group) conjugates
can only da explainad on this basise

A rocent study by Prabthakaran, Harris and
‘nrchhcher {1980) proves that the hypothesis on whish
the present work was carried out is trus, These vorkers
have shown that 08 in suspension Or solution showed very
1ittle inhibitory effect on the oxidation of DOFA by
intact Myleprage In the disruptod bacilliy the inhibition
was greater, but it was still less than 30%. However,
vhen mixed with polylysine, DIS produces 100% fnhibition
of the enzyms o-diphenocloxidase in both intact and
disrupted bacilli.

Ihese resulte demoastrate that polylysine enables
dapsone 00t only to paea through the bacterial cell
membrane, it sldo 0 penetrate the shxyme wolecule
readilyes It has been shown that this peptide can interact
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with 1ipids, Polylysine can pass through the 1ipid bilayers
of the cell membrane easily. This observation is consistent
with the earlier data of the same vorkers (Prabhakaran,
Barris and Kirchheimer, 1972) on the complete inhibitdon

of o-diphenoloxidase of Milapraa by ODC (41ethyl dithio
carbamate), vhich contains 1ipid soluble ethyl groups. DDC
has been found to have a potent bactericidal effect on

the laprosy bacillis Howevor, 1t is unstable under acid
eonditions and cannot be clinically useds

Uafortunately, studics by Prabhakaran gh.al«{1980)
are not completos ZTheso workers have assayoed the
inhibitfion of the sasxyme, 0-diphenoloxidase by the
inhibitory effect Of DD3 and DIS « polylysine on the
oxidation of DOFA by Hulsprage No direct estimation of
the ensyme oY mbatnry activity (bactoriostatic or
bactericidal) on the organism has boen shown,

Secondly, in theiy said study DDS has not been
linked by a covalent bond to the peptide polylysine, which
is most important 1f the two molocules have to more together
dn-vizes The hydrogon bond detween DD3 and polylysine only
works in an in~gitro system.

The work roported in this thesis is definitely a
step furthore IThe DDSevarrier unit 1s covalently linked
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dn the present study and tested direatly on the growth of
the XCRC bacillit 4n the ipsxitxg systeme Further, the
conjugates havo also been tested by the mouse foot-pad
methods ALl the DDSeaminod acid conjugstes vis,,ADmDp, ADTy,
AD+Dp and AD=Dp were found to be affestive Jn-vivg with
Pacterial counts detween 10% and 109 AFB/foot=pad for

8 to 10 month Teadings, but vere mOt as effective as DDSe
The reasons for this fatiure Lnwvive could be many and

one 13 at a 1083 tO define al) the parameters that could
play a parte PFev are presented below 1

a) The inherent difference between the {n~vitrn and in-wive
systense

b} The availability of the drug at the sits of infestion
1484y fOOt~pads

e) The breakdown of the @rug conjugates Ju-yiyns Aso
linkages are reported to be broken down by the |
intestinal flora and other enzymes (Azo-refuctase_ )

~ 4n the body (Watabe gh.sles 1080),

2he results of fnexive testing show that L-DOPA
and DL-DOPA conjugstes have simllar activity. Zhis is
consiatent vith the finding of Prabhakeran (1973) that
o=2phenloxidase of Nulapras scts on both the D & 1. isomers
vith same specilicity.
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In eonclusion, it can be said, that this unique
drugecarrier deldvery system has been triad out for the
givst time in the fight ageinst Halaiias infection to
overcome soms Of the problems faced with the presently .
avallable drigs for the treatmest Of Jeprosys It 4s w'
be frankly adeitted, that tho work presented in this
theais, §s of a preliminary nature and although the
finvestigation path has been definod, s lot of work ctill
has t0 de done to achievo thn roale

Parthor atudies have to De dons, using 4ifferant
vehiclas, different linkiges; different concentratiocs of
conjugates as also determine the effect of drup carricr units
on the grovth of drug resistant MuloDras, t0 asses: the
toxieity of new conjugates and to explore dewer techniques,
All this would depsud on the ingenuity of the
investigator, advances in research in interdisciplinary
sciences in the years to come, but 4t can be sald with
. ¢onfldence thut research on these lines would definitely
lead to algnificant resuitse

Sumuaxy
DS aminoencid conjugates wers synthesised with

8 viev t0 overconing the prodisms of bacterial vesistence
to the presently available battery of drugs against leprosy
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and of ‘basterisl persistances’ Two of the conjugates
synthesised showed detter gotivity the DDS in the in~yityo
systems Unfortunately, thess drugs weroe less gctive than
DD8 when testod against Mylopras by the foste-pad methods
But it can Ye asserted that this drug 4elivery system can be
utilized for providing more effective drugs against the
most dreaded disease sffilcting mankind, ILEPROSY,
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Tarmla 3 (Pifeo Mannual, 9th Rditson, 1971) |

The stock solutions Ay By C and D are derived fyon Difco.
K0y svecsrsess 100 guse  Paliclimm, Cttrate sae 80 ugs
MNP0, P10M,0 sse 63,0 guve  MESO4THD senvecsenre 100 mge
Asparagine ,.;.“ 10,0 mg CaCly sesrencrcanesrne 6 guae
TYYPLons esvevsse m‘tli.; 80, seesscavancares 1 g,
Ha 01{“3 sssssee 1245 guss Cus0, ssesseresnsenes 1 nge

m PP epppamr 1000 e m SREHEINNESI RSV INY 100 ale

Twosn 80 (1008)es 045 mls ﬁmm& YT ) 25 m.

DU 3 ) . — - - 7

The solutfon B substitutes yeast extyact and solution ¥
Ares sxps¥imental modiffication of the Dubos mediume.

folukion B¢ (Pawdy 1970) Saiuttans X ¢

Y (200 X) «oX0Oml . | s 10 117,
ftanine misture (200 Dectiude  fa) Sa Sutamborsrsees 20 M(OA]
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Pinal selium was prepaved aa follows 4

So1ution A eesscsnsnsesesrarnses 100 Mo
8o1ut200 B sesssssesssrsnevanees 10 mlo
80238100 C eevesensssssvnnseenns Dol Mo
8012400 D sneansutsenrsvevsirene 25 Mo
Solution B ssessnrvesavessveress 10 Mo
So1usion B asvenevassunesassosne 1} as ??%):’

0418 Phenol Bed sesssosvensssnes & Mle
bn AN PPN EBINRNIRREIEIRIIINNARY TR 80 T
DAV 40 maks savsssencsssesavensa 2000 Ml
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Hansen's disesss continues to Ds & aajor health
problea in the world, with over 20 miliion pepprle suffering
from the 4isense todays The most widely used drug in the
treatment of this digease is Dapmone (DIBy 4,4 ~diamino=
diphenyl suifone)s The dramatic actions of DIS lnxﬂnmm'n
disenso were first demonstrated by Cochrane gt ale FPrior
to this no effective chemotherapeutic agent against
Exoobackarinm labragy the causative organiom was available,
DD 4s inexpensive and for this reason, it is the main
waupon in the fight againat Mlsprag fnfection in many
countries, Ancluding Indisy with high incidence of the
diseasu.

Howy fears have Desan sxpressed that the usefulness
of this weadon might de Jost forevere Strains of Y Jlapzas
nmtsnt to DD8 have smergaed in different parts of the
wvorlds As the treatment of Hansen's disease is prolonged,
&rregular and insufficiert Lfntaks of the drug could result
in secondary sulfone nsiutmgu Fov cases of primary drug
resistance are also reporteds BDesides, sven after years of
treatmant with DDA, vﬁabu bacilli persist in the tissuss
of lepromstous casess



The above mentioned problems could well be the
result of inavailability of the drug at the site of
lodging of Nuleprag or the fallurs of the drg to perveate
the ¢ell membrane of the organisme 2he later hmtheah is
vary recently proved t5 be trus by Prabhakaran gh ale
whose studies show that the drug doss not penetrate intact
Holapran dncyiixos

| Hany thevapeutic agents are inelffective bLecause
of the faollure 0f the active molecule t0 permeate the cell
sembraness Attempts to overcomes this problem fnclode modi~
fication with Aipophilic groupsy attachment to macromolecules
and entrapment in the Liposomess Another approach employs
the active trangport systoms t0 bring potestially cytotoxis
drugs 1oto the cellse The advantage of this approach 4s
that 1t can result in a 100« to 1000» f034 concentyation |
of the toxic agent inside the calle

The moleoular basis of celiudiar permeation of -
peptidss and amino-acids heve been studied in bacterise &
Peptides and anino-acids are ideally suited as carrier
spacissy becouse of chain Jength, side chain and othey
fuanctional group specificities, Murthormore, aince the
structural requirements oy transfer differ for dacteria
and mamualian cells, drugs/drug conjugstes can in
principle ba designed 30 as tO De selective.



i

o pu- beon rawrteg to inhidit folic acid
synthesis in other bacteris but the mechanism 0f action of
DS 1n Hanser's dfsease remains uaknowne fov, it 48 aleo
koown that the dmx does not penetrate Malapras & an
approach to the developsent of new drugs for Hansen's
dtssase Or improving the sfficaoy of the existing onesy that
mhn oornal metabolic processss as a means of
selectively delivering toxic ageats into tho celly is
proposeds Aminowaeids coupled to the DDS molecule to
aPpear as a paptide mots as s disoriningting drug oarrier
selectively permoating the terget cells MalaDxass Once
inside the cell, ooreal metoboliism could either result
in the yelesse of the drug vhich $s toxic to the cell
or the drug ssino-acid complex ftaelf conld intorfore
vith the normal metabolism of the cells Making an
antibacterial agent to permests its target organisms
should enhance fts effectiveness.

o~Diphenoloxidases & copper containing ensyme,
i3 the only w&é&e suayme proven to be prasent in the
Hansen's bacilils This enzyme s shown to have very high
affinity for and amn&mlgam DOPA (3,4~dthydroxys
phenyialenine) as sudetratos For this reasen DIG
conjugates with LDOFA {ADeDp), DLeDOPA (ADsDp), Letyrosine,
& procursor of DOPA(AIEY) and methyl DOPA, & more stable
derivative of DOFA (ADmDP) wvere synthesiseds.



The DISeaminoegcid conjugates ware synthesised
with a view that besause of structural resemblacce with DOFA,
-these coapounds would be actively tranaported into the celd
of the bdacilif where It could be aoted upon by the ensymes
of the cell %o btreak and relesse free DIS or alternatively
the complex $83e)f could de active as ths O atom of DDS
moleculs 1s Lrae to bBind with Cu of tho enzyme o-diphendle
oxidase, resulting in the desth 0f the organiem, as It has
been shown that Cu chelating compounds, vhich Denetrate the
cell sre hﬁtaﬂetm 4n nature, for ex. diethyldithice
carbamate.

DD8 was dtazotized by sodfum nitrite and
hydrochiorie acide The dlazonius salt was then added to
alkaline solution of smino-soid maintained in an fco=salt
Yath between O=8%C. PR maintained hetwveen © and 9.5
throughout the additions Bright red conjugates were
obtainede After one hour of standing with fatersittant
flov stirring, the coningates vere precipitated dy
bringing the 18 to 1.0+2.

The solution was filtered and washed extencively
with coid 41}« hydroohloric acid to gst rid of any excess
DDS and then with chilled water t0 remove acid. The
eompounds vere reprecipitated from wvater by pH changes



and finally recrystal:ised from large excess of water,
The eonjugates were chesked for fapurities of free DUS by
TLC, dried under vacouum and stored in a descicatore

32
Fron W absorption data 3t was concluded that
the ccupling of amino-aeid to DIE had Socurreds

Tor (o activity of the conjugates synthesised,
VRO Beoflil was used as a test organisms Stook culture
Ce49 3 ICRC Baciflli was obtained from Cancer Research
Institute and was maintained in moaifioed Dubos medinme
These vere regularly subsulturasd st every three to four
verkiie At the time of suboulturing smears were prepared,
stained and sorphoiogy of the bacteria was recordsde

For turbidimstric sssay standard Bosch and Lomd
spectronia«2() cuvettos were useds ZTwo wesk 0ld cultupe
of the ICRC Bacilif from Dubos medium was used as inoculums
The inoculum was adjusted to 80X Transzission against a
blanke 4 tude cootaining plain medium served a8 negative
eontyol and one with daly imooulum and without test sojusion
served as poaitive control Or grovih ¢Oatrole The amount



Vi
of f£luld in sach tube was & mls

Defors measuriag the turdidity on day se¥o, the
cultures were refyrigerated for T2 hourss The cuitures vers
then fncubated a$ 379C for 12 dayss Readings at 660 = vere
taken on every third day and graphs of # transaission va,
tizme in days plotteds

The organisns inoculated, settle dovn at the dottom
of the tubes, leaving tho supernatant clear or the tubes
sre spun st 1500 rpm for 15 mimutes. Thus, each tube
sorved Its own contro) for 1005 TeansmSssion, before
shakings In this system, for turbidimetric measurements,
the vajues vere Only comparative and not absolutes

2hin systen was used for studying the effects of
drugs on the growth of ICRC Bacilile

Ltyrosine, LeDOPAy DL-DOPA snd methyl«DOFA wers
tested for thelr effects on ICRC Baoilii at concentrations

Qfm/n‘lndﬂofc/ﬂ.a

The fonr DDBwaminow-acid conjugates vige ADly,
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ADeDp, AD=Dp, and ADmDp wers tosted gt concent¥ations 400,
80 and 16 fg/u DS equivalents of the conjugates.

DDS was 8180 tested at the above concantrations,

With a view to ostadblish o correlation between
the *io-vitrg’ %Wd!mtﬁa asgay and 'fo-vivg' Shepard's
mouse footwpad technique, four newly synthesised compound
(eoded asy R=4651, R~4764, R+2862 and Re3647) which showed
promising anti~tuborculosis activity were obtained from
Chemotherapy Dspartmenty Haffkine Institutes ZThess
compounds vere tested at concentrations of 400, BO and
16 /wu in the iooxiten systexs

The chemotharapeutic activity of the drugs was
umog& according to Shepard's method of Jdnetic testing of
drugss Halabiag vore $solsted fyom human blopay;collected
from untreatad lepromatous leprosy pationt at the Achworth
Leprosy Hospital, Bosbays ,

The mxxtznsgs the bacilll was done acoording
t0 Shepard and MeRas  and suitably dliuted to give
approximately B8 x 10° APR/ml suspensions



vili

400 mice 0f CBA straln vere $njectod with 7500
Pacilii in 0,03 ml of suspension, vach in the right hind
foot=pad and the invculated animals were kept in
airconditioned room throughout the experiment.

The animls vere fod with drug mixed feed
(2industan Lever) from the Ulat day (1.ee 3rd month) of the
Snjection of the bacilll and continued upto 180th day
{404y .GSh mOOth) poOBS dmculationy

The druge Rw48h), Re4784, ReGE52 and Re3647 were
tested at a ainglo dose OF O.0LE of fesd whereas othey
drugs vere tested at 0401% and 0,001% DDS or DDS equivalents
The control group of animals received nmormal diet,

Prom the 821 'wm;'.h onvards and cvery sonth
thevreafter comnting of tho dacflll was done from the
infected footepadss A batch of two to four animals vers
sscrificed each month from each group and footwpads pocled
for readings

She pmmdn:; for harvests was similar to that
adopted by Ghepard and average numsber of ascidefast
bacdiil (AFB) was estimated psr footepade

Growth curves wera DAotted against time with
AYE/ footepad on Yeaxis and time in montha on Xesxise



X

The growth of Mulerras in foot-pad for the control

vag found to be good, with ciose to 10%AFB/foot-pad at 6th
monthy reaching a peak st 9th month {around 107AFE/foctpad)e

The aminowgold tosted had no effect on the growth
of ICRC Bacflil n the %ﬁm systome 3Ihiie wvas consistent
with the results of Modak who had teated these uminoeacids
for thely sultadility in the culture media for ICRC Baoflld.

The DD3wamino=acid conjugates Annnp, Ally, ADsDPD
foat-pad teshnique with bacterfal counts betwesn 10%ina 108
AVB/ foot«-pad for 8th to 10th month rendingss The readings
for DDS were between 10%nd 105for the same months, Of
the four DDS conjugatesy the first two ahowed dose
 dapendant inhidbition of the growth of the bacteria &n the
footepads Zhe focviteg turbidimetyic assay shoved some
corralation with the lowyivg resultss

The four drugs F~4051l,; Red784, Re3652 and R=3847
vere 1ot found to be effective in Shepards tochniques The
Dacterial counts for all thess drugs vas betwsen 105 and 10%
AP/ footepad Detween Oth and Sth monthes This lack of
activity vas olso reflected in the ig-wityn testing using
XCRC Bpollifs Thus a good correlation was observed detween

the in~viirn and {n-vivg techniques and the in-vitrg
tec nique was fonnd to be an indicator of the activity



of the &rug in=vivRe
SRR
DDS waz confugsted to amino-acids L-tyrosine,

1~DOPA, DLeDOFA and methyl DOFA, The conjugates vere
testad for sctivity by ig-viteo and Jn-vivo techniques and

~ ware found to be offactives

Your anti-tubsrcnlosis drupgs were also tested
for their sctivity against IUBC Baciiii fg-vitya and
Halepraa do«xivoe A good correletion was found in the
resuits obtained by the two techniquess
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