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ABSTRACT

In-vitro culture systems were used to assess the growth inhibition of
Kinetopasids by a variety of aminoglycosides. The parasites were
allowed to grow to the stationary phase in the presence of varying con-
centrations of the drug. The IC-50 for every drug was calculated by its
comparison with the control. The sengitivity of variousleishmanial starins
to these drugs is in the order G418>Hygromycin>Paromomycin >Neo-
mycin. However under our assay conditions Gentamycin and Kanamycin
were nonleishmanicidal. The effect of the drug on theintracellular form of
the parasite in the macrophage cell line was also tested. Other
Kinetoplagtids, such ascrithidiaspp. And Blastocrithida culicisweretested
which showed resistance to all these drugs. Secondary structures for the
3’ region of the ssurRNA genes for these organisms were constructed,
and the correlation between the drug sensitivity and the secondary struc-
turesispresented. InleishmaniaitisaT-A pair in the secondary structure
instead of C-G at position 1409-1491 (E.coli) asreported in the other or-
ganisms which is responsible for paromomycin sensitivity. The residue
responsiblefor hygromycin sensitivity remained as G(1494). The 3’ loop-
stem U-structuresare different for organismsin thisfamily, which might be
of significance in determining the overall sensitivity to these
aminoglycosides. This might provide rational approachesto the devel op-
ment of drugs specific for leishmania. Because of the sensitivity of mam-
malian cells to this drug, we suggest that paromomycin may used for
testing leishmaniasis. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thecurrent Situation for the chemotherapy of leish-
maniasisismorepromising than it hasbeenfor severa
yearswith both new drugsand new formulations of old
drugseither recently approved or onclinical tria(. In
the past decade four new potential therapiesfor vis-

cera leishmaniasis (VL) have been introduced: a
parenterd formulation of aminosidine (paromomycin)i2,
amphotericin B liposomes®4, and theordly activedrugs
miltefos ne® and sitamaquine (WR6026)!. Treatment
of cutaneous|eishmaniasi S(CL) hasbeenimproved by
varioustopica formulations of paromomycin”#9 and
could aso benefit from ord miltefosing™?.


mailto:aselgazwy@yahoo.com

BCAIJ, 2(1) April 2008

Masoom Yasinzai and A.S.Hamad Elgazwy 31

Several other drugs including itraconazole,
ketoconazol e, dapsone and alopurinol have beenon
limited clinicd trids, oftenwith equivocd results. Drug
treatment iscomplicated by thevariationin sensitivity
of Leishmaniaspecies, thedifferent disease manifesta-
tions, thelack of controlled clinicd trialsof new (and
old) drugsfor CL and recently, theincreasing level s of
antimonial resistance. Thispaper examinesthe prob-
lemsthat producevariationin drug sensitivity, triesto
separate these from acquired drug resistance and fi-
nally discusses methodsto monitor resistance.

Aminoglycosdeantibioticsmostly exert their effect
by interacting with the small subunit ribosoma RNA
(ssRNA), The 3’ end of the ssrRNA playsacrucia
rolein protein biosynthess. Itsgeneuniversaly present
inal organismsisextremdy useful tool fo phyl ogeny™2.
Morethan 2000 ssrRNA genes have been sequenced
(13 indudingthat of the Crithidiaspp. And Blastocrithidia
culicis, reported recently from our laboratory.

Theaminoglycoside antibiotic paromomycinisa
potent antileishmania agent™. World hedth Organiza-
tionisconducting clinicd trials of paromomycin oint-
ment invariouscountriesfor thetropical therapy of cu-
taneouslesionsin humans. Similar kind of study isun-
derway inour group, where cutaneousleishmaniasisis
highly endemic*Y. The 12% paromomycin ointment
supplied by WHO wastried in human volunteer pa-
tients. Preliminary dataobtained revea encouraging
results.

Current chemotherapy for leishmaniasisalso em-
ploysheavy meta compounds(antimony and arsenic)
and the antibiotic amphotericin B, al of whichinduce
toxic Sdeeffectsfor thehost aswell. Anaminoglycoside
antibiotic aminosidine (paromomycin) has recently
shown somepromise, athoughit hasthe drawback of
poor penetrationand induces painful inflammationin
some cases™™, To our knowledge, thisisthefirst report
of aminoglycos desasapotentid antiparasiticdrug, es-
pecidly againgt anintrace lular parasite.

Duetothe considerableclinica importanceof pa
romomycin, themodeof action of thisantibioticisbe-
ing studied by variousgroups. Interferencewith protein
biosynthesisor direct action on ribosomesisthemain
target of alargegroup of antibiotics*¥. Thesmall sub-
unit of ribosomal RNA (ssur RNA) gene, universally
presentindl organiams, isextremey useful tool for phy-
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logeny¥. The 3’-end of ssur RNA play acrucia role
in protein biosynthesis and has been characterized as
thesiteof action of severa aminoglycosdeantibiotics.

In caseof interaction of paromomycinwith E.coli
itisestablished that the base pair at position 1409(C)
and 1491(G) in the 3’ loop-stem U structure of the
secondary structure of ssYRNA isinvolved. Resistance
to thisaminoglycoside occursin mutantsinwhichthis
particular basepair isdisrupted [(A) itself](*7. Thisis
being established in casesof other organismssuch as
Giardia Lamblia®” [(B) itself] and tetrahymena
thermophila[(C) itsdf]™. In case of Leishmania Fong
et a.[*% devel oped paromomycin resistant clonesof this
parasite and has evidenced that therewasno mutation
at the 1409-1491 equivalent position of ssurRNA in
the paromomycin resistant clone. However Mearouf et
al . hasrecently reported that resistanceto paromo-
mycininvolves.

We have used in vitro culture systemsto assess
thegrowthinhibition of Kinetoplastidsby avariety of
aminoglycosides. Theeffect of paromomycinin par-
ticular ontheintracd lular Lesshmaniainthein-vitro cul-
tureand of itstopical ointment in treating cutaneous
lesionsin human volunteersisstudied. The 3’-end of
the secondary structure of these Kinetoplastidesisana-
lyzed and then correlated with the experimental deter-
mination of drug susceptibility.

RESULTSAND DISCUSSION

Activity of drugagainst promastigotesin culture

Theantileishmanid activity of variousaminoglyco
sidesagainst the old world and new world leishmania
isolatesisshowninfigure 1. The potency of thefour
drugs is in the order of Geneticin>hygromycin>
paromomycin >neomycin sulphate. Their ED50 value
rangesfrom 1.0 ug/ml for geneticin to about 30ug/ml
for neomycin sulphate. All these cell stransfected with
NEO were resistant to these drugs. In our hands
Gentamycin and Kanamycin showed no leishmanicida
activity up to the concentration range of 200ug/ml.
However EI-On et a4 hasshown that. Theresults
showninfigure 1 showsthat theresponse of thedrug
variesfromstrainto strain. Thissignifiesthe speciation
of parasitefor chemotherapeutic purposes.
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-OH by -NH, for thepar omomycin 1intoNeomycin 2
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mRNA

Figure2: Diagrammatic model for higher-order or gani-
zation of editing complexes. TheL -complexisshown asa
dimer, for which theevidenceissuggestive, and thethree
complexesareshown asinteractingviaRNA. ThegRNA
and mRNA indicated arethemost likely candidates, but
theexistenceof other RNA specieshasnot been ruled out.
The gRNA structure shown istaken from the model of
[Hermann et al. 1997](4,

Effect of paromomycin on intracelular amastigotes

Theeffect wasstudied for L. amazonensisstrainas
that only givessuccessful infection of murineJ 774 G8
macrphage cell line. Theinfected macrophageswere
treated with different quantities of the paromomycin.
Asshowninfigure 3, at aconcentration of 12ug/ml
paromomycin theintracellular amastigotes decreased
by lessthan 50%. Addition of drugsin fresh medium
further reduced thenumber of intracdlular paragitesbring-
ingthe ED-50 va ueto about 3ug/ml paromomycin.

Treatment of cutaneouslesionsin human volun-
teer patientswith paromomycin ointment

Totest theefficacy of theparomomycin ointment in
treating cutaneous lesions, two patients with
parasitologocally confirmed cutaneouslesionswere
treated twicedaily for 15 days. On 8" day theinocu-
lumfromthelesondid not give+veculture. In between
40-50 days the lesions were totally cured. figure 3
showstheresultsof such an experiment in one patient.

Correlation of drug sensitivity datawith thessur
RNA sequence

Inleishmaniawe havetried to corre atethe antibi-
otic susceptibility pattern with the secondary structure
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Figure3: Leishmaniassur RNA shape

prediction. The nucleotide sequence corresponding to
the 3’ end of the ssrfRNA of leishmaniacrithidaand
Blastro crithidaareshowninfigure 2.
Paromomycinres stant rRNA mutationshave been
isolated in E.coli [M-1986]1%211d Giardid'", tetrahy-
mend*® and yeast mitochondrid®). Thesemutationsare
at thesitesC-1409 and G-1491, pairing a thecircular
location inthe secondary structure. Comparing the sec-
ondary structure of our tested organismswith that of
E.coli and Giardia, wefind that aT-1409 and A-1491
exigsintheseorganiams, strongly suggestingthat it may
betheindividud basesat thesepostions, but rather the
disruption of the pair may account for paromomycin
resistance. In Leishmania therefore this T-A(1409-
1491) confers susceptibility to paromomycin.
Hygromycin resistant mutantsof tetrahymenainwhich
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U-1495 is atered have been isolated*®. Thisisalso
present in kinetoplastidsstudied; therefore susceptibil -
ity can be predicted as evidenced by thein vitro stud-
ieson effects of thisdrug. Chemical probing experi-
mentswith E.coli has shown that A-1408 and G-1495
are protected by Neomycin antibiotics protect™. In
Leishmaniaat position 1408A isreplacedwithbase G,
whilethebase G at position 1494 ispresent which may
account for the low susceptipility of neomycin to
kinetopl astids as evidenced by thein-vitro experiment
resultson Leishmania Kanamycinisfoundtobind G at
position 1408. In Kinetopl astids studiesheretheA at
position 1408 is replaced with G, except in
Blastocrithidia Therefore, onthebasisof thegenestruc-
ture the resistance to this drug can be predicted and
thisissupported by thein-vitro experiment resultson
Leishmania Theresstanceof crithidaand blastocrithida
to thesedrugs can be presumably explained, that they
either do not take in these drugs or their mdr efflux
pump rapidly pumpsout these drugs before any dam-
ageisdonetothecells. We have constructed the sec-
ondary structurefor other organisms (Endotrypanum,
Bodo Caudata, Leptomonas, Trypanosomacruzi and
bruce) inthisgroupaswell. All theessentid residuesof
thisfamily arethesame.

To further substantiatethe drug sensitivity test at
themolecular level, we constructed secondary struc-
ture of the 3’ region of the ssur RNA gene, whichis
responsiblefor thesengtivity to thesedrugs, indl these
organisms. After comparing the secondary structures
with that of E.coli™™ and Giardia, we found that at
position 1409 and 1491, anew T-A pair wasformed
instead of C-G asfoundin Giardia. Previoudly, dis-
ruption of thispair resulted in theresi stanceto paro-
momycin Tetrahymena theramophilal®4.

Inhumansthat G at position 1491 issubstituted by
A and disruptsthe paring®. Sothat, itisthebasepair-
ingrather than G or C at those particular resdueswhich
IS responsible for the paromomycin binding. For
Hygromycin, wefound that at position 1494 itisGin
these organisms, the same asin E.coli and Giardia,
which issupposed to bind to the drugi**4.

ItisT that followed which was a so shownto be
theresidueresponsiblefor thedrug effect™>4, These
accounted for the Hygromycin susceptibility of these
organisms. Theresidue responsible for Kanamycin
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sengitivity isG at position 1408 in these organismsex-
cept in B.culicis, so they are resistant to drug asA.
Actudly, thiscrithidia spp. failed to beinhibited by dl
thedrugstested, i.e. arsenates, tunicamycin, and they
developed methrotrexate resistance after short period
of treatment. (Yubin Du and K.P.Chang, unpublished
results). Their multi-drug res stance feature needsfur-
ther investigation.

InLeishmaniathesengitivity pattern correl ateswell
with the secondary structure prediction. Thisgivesus
themolecular basisfor using theseaminoglycosidesin
chemotherapy for Leithmainiasis. Hygomycin hasno
useful practical applicationinthiscaseasit does not
exhibit selectivetoxicity. The spectrum of itsactivity
may extendto al organismssinceitstarget nucleosides
areuniversaly conserved. Paromomycinisapotentialy
useful antileishmaniaagent. Understanding the mecha:
nismof thisdrug actionisof great clinica sgnificance
asresistance may appear in patientsduring treatment.
The possihility of morethan one mechanism cannot be
ignored. We have observed that transfection of leish-
maniawith the NEO generendersthemresistant to all
thesedrugs, asthe substrate to the enzyme. Neomycin
phosphortransfeerse covers aboard rangeincluding
neomycin’sparomomycin, kanamycin and gentamicins.
Itispossiblethat thiskind of mechanism may existin
leshmenia

MATERIALSAND METHODS

Theaminoglycos deantibioticswereobtained from
Sigma, USA, parasites culture and macrophageinfec-
tion; L.M. amazonensis(LV78); L. mgor (MHOM/
PK/88/DESTO); L. tropicaand L. infantumweremain-
tainedinthein-vitro culture. They weregrown a 25°C,
in medium 199 with 25uM HEPES (N-2-hydroethyl
piperazine-N-2-ethanesulfonic acid), PH 7.4 and 20%
heat inactivated fetal bovine serum (HIFBS), supple-
mented with antibiotics, penicillin (100UmI) and strep-
tomycin (100ug miY). Crithidiaspp. And Blastocrithidia
culiciswereculturedin brainheartinfuson medium. To
study theeffect of aminoglycos deson promastigotesin
culture, 4x10° promastigotes of therespective Leish-
maniaisolatewere grown in above stated mediumin
the presence and absence of drug. After 5 days the
promastogotes were counted both in experimenta and

BIOCHEMISTRY (mm—

controlsand the percentage (%) growthinhibition cal-
culated. For studying the effect of drug onintracellular
parasites, the permanent cell line of mouse macroph-
age J774G8 was used. The macrophages were cul-
tured inmedium RPM1 1640 with HEPES (25uM, PH
7.3) containing 20% heat inactivated fetal bovine se-
rum and antibiotics. Macrophages (cell density 10° per
flask) wereinfected with sationary phase promastigotes
at aratio of 5 parasites per macrophages, after 24 hrs
theinfectivity wasover 80 percent. Theinfected mac-
rophages were washed by replacing the old medium
with fresh culture medium, in theabsence (control) or
presence of different concentrations of drug. After 4
daysthetota numbersof amastigotesin 100 macroph-
agesweredetermined asunder with each reading taken
asamean of three experiments.

Total no. amastigotes=Total no. macrophagesx % infection
x total amastigotesper macr ophage

The 15% paromomycin s mpleointment containing
12% benzethonium chloridewas prepared according
to B.P. The ointment was applied on the cutaneous|e-
sontwicedaily for fifteen days.

Secondary structureconstruction

TheLeshmaniassurRNA genesequencesarefrom
GenBank. Thedifferent strainshave over 90% homol-
ogy andidentical inthe 3’'U-loop region. ThessrRNA
genesfor Crithidiaspp., and Blagtocrithidiaculiciswere
recently sequenced. The secondary structures were
constructed by LoopDIoop program (Don Gilbert, In-
dianaUnivergty, USA). Thenumbering isaccording to
that of E.coli.

Cdl culture; LesshmaniacdlsareculturedinM 199
plus 10% feta bovine serum. Four speciesof leishma
niawereused, L.major, L.amazonesis, L.tropicaand
L.infantum. Crithidiaspp.And Blastocrithidiaculicisare
culturedin brain heart infuson medium.

CONCLUSION

Thismanuscript above describesthe susceptibility
of several kinetoplastid speciesto asmall panel of
aminoglycosides, and corrd atestheresultswith rRNA
sequence and secondary structureanalysis. Whilethe
dataaresound, they are sufficiently nove, evensimilar
anayseswere completed, which the paromomycin was
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already well established as treatment for cutaneous
leishmaniass. Someother Scientist shared thisconcern
withus.
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