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Abstract: In vitro culture systems were used to assess the growth inhibition of kinetoplastids by a variety of aminoglycosides. The
parasites were allowed to grow to the stationary phase in the presence of varying concentrations of the drugs. The IC-50 for every
drug was calculated by comparison with the control. The sensitivity of various leishmanial strains to these drugs was in the order of:
G418 > hygromycin > paromomycin > neomycin; however, under our assay conditions gentamycin and kanamycin were non-
leishmanicidal. The effects of the drugs on the intracellular form of the parasite in the macrophage cell line were also tested. Other
Kinetoplastids, such as Crithidia spp., and Blastocrithidia culicis, were tested and showed resistance to all these drugs. Secondary
structures for the 3’ region of the SSUrRNA genes for these organisms were constructed, and correlations between drug sensitivity
and the secondary structures are presented. In Leishmania it is a T-A pair in the secondary structure instead of a C-G pair at position
1409-1491 (E. coli), as reported in other organisms, which is responsible for paromomycin sensitivity. The residue responsible for
hygromycin sensitivity remained G(1494). The 3’ loop-stem U-structures are different for organisms in this family, which might be
of significance in determining the overall sensitivity to these aminoglycosides. This might provide rational approaches to the
development of drugs specific for Leishmania. Because of the sensitivity of mammalian cells to this drug, we suggest that
paromomycin may be used for testing against leishmaniasis.
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Kinetoplastidlerin Aminoglikozide Duyarhliklari: rRNA Geninin
Kiiciik Alt Biriminin 3’ Bélgesi ile Ilgisi

Ozet: Kinetoplastidlerin bir seri aminoglikozidlerce bilyimesinin engellenmesi icin in-vitro kiiltiir sistemleri kullaniimistir. ilacin cesitli
derisimlerinin varhiginda parazitler durgun faza kadar gelistiriimiglerdir. Her ilacin IC-50 degeri kontrolle Kkarsilastirilarak
hesaplanmustir. Cesitli leishmanial suslarin ilaca olan duyarliigr sirastyla G418> Hygromycin> Paromomycin> Neomycin seklindedir.
Buna ragmen bizim kosularimizda Gentamycin ve Kanamycin nonleishmanicidal bulunmuslardir. ilacin parazitin makrofaj hiicre
hattindaki hicre i¢i formuna olan etkisi de denenmistir. Crithidia spp., ve Blastocrithida culicis gibi kinetoplastidler de denenmis ve
tum bu ilaclara dayanikll bulunmustur. Bu organizmalar icin SSUr-RNA genlerinin 3" bolgeleri icin ikincil yapilar olusturulmustur.
Leishmania” da ikincil yapida dider organizmalarda Paromomycin duyarliligindan sorumlu oldugu bildirilen 1409-1491 (E. coli)
pozisyonunda C-6 yerine T-A baz eslesmesi bulunur. Higromisin duyarlihdi icin gorevli kok G(1494) olarak kalmistir. Bu ailenin
organizmalart icin 3" loop-stem U-yapilar farklidir ve bu aminoglikozidlere tim duyarlihd! belirlemede 6nemli olabilirler. Bu ise
leishmania’ ya 6zgu ilaglarin gelistirilmesinde gercek¢i yaklasimlar saglayabilir. Memeli hicrelerinin bu ilaca olan duyarhliklari
yuzinden leishmaniasisin test edilmesinde paramomisinin kullanilmasini énerebiliriz.

Anahtar Sézcukler: Kinetoplastid, aminoglikozide, ssurRNA, Leishmania

Introduction

The current state of chemotherapy for leishmaniasis is
more promising than it has been for several years due to
both new drugs and new formulations of old drugs, either
recently approved or in clinical trial (1). In the past decade
4 new potential therapies for visceral leishmaniasis (VL)

have been introduced: a parenteral formulation of
aminosidine (paromomycin) (2), amphotericin B liposome
(3,4), and the orally active drug miltefosine (5,6) and
sitamaquine (6). Treatment of cutaneous leishmaniasis
(CL) has been improved by various topical formulations of
paromomycin (7-9) and oral miltefosine can also be
beneficial (10).
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Several other drugs, including itraconazole,
ketoconazole, dapsone, and allopurinol, have been tested
in limited clinical trials, often with equivocal results. Drug
treatment is complicated by the variation in sensitivity of
Leishmania species, different disease manifestations, lack
of controlled clinical trials of new (and old) drugs for CL,
and more recently, increasing levels of antimonial
resistance. This paper examines the problems that
produce variation in drug sensitivity (paromomycin), tries
to separate them from acquired drug resistance, and
finally discusses methods of monitoring resistance.

Aminoglycoside antibiotics exert their effect primarily
by interacting with small subunit ribosomal RNA
(SSUrRNA) (11-14). The 3’ region of SSUrRNA plays a
crucial role in protein biosynthesis (15-19). Its gene,
universally present in all organisms, is an extremely useful
tool for phylogeny (20). More than 2000 SSUrRNA genes
have been sequenced (21), including those of Crithidia
spp. and Blastocrithidia culicis, as recently reported from
our laboratory.

The aminoglycoside antibiotic paromomycin is a
potent antileishmanial agent (22). The World Health
Organization (WHO) is conducting clinical trials of
paromomycin ointment in various countries as a topical
therapy for cutaneous lesions in humans. A similar kind of
study is underway in Pakistan, where cutaneous
leishmaniasis is endemic (11-14). A 12% paromomycin
ointment supplied by the WHO was tested in human
volunteer patients and preliminary data obtained revealed
encouraging results.

Current chemotherapy for leishmaniasis also employs
heavy metal compounds (antimony and arsenic) and the
antibiotic amphotericin B, all of which induce toxic side
effects in the host. The aminoglycoside antibiotic
aminosidine (paromomycin) has recently shown some
promise, although its drawbacks are poor penetration and
the inducement of painful inflammation in some cases
(23). To the best of our knowledge this is the first report
of the use of aminoglycosides as potential antiparasitic
drugs, specifically against an intracellular parasite.

Due to the considerable clinical importance of
paromomycin, the mode of action of this antibiotic is
being studied by various researchers. Interference with
protein biosynthesis or direct action on ribosomes is the
main target of a large group of antibiotics (21). The
SSUrRNA gene, universally present in all organisms, is an
extremely useful tool for phylogeny (24). The 3’ region of
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SSUrRNA plays a crucial role in protein biosynthesis and
has been characterized as the site of action of several
aminoglycoside antibiotics.

In the case of paromomycin’s interaction with E. coli,
it has been established that the base pair at position 1409
(C) and 1491 (Q) in the 3’ loop-stem U structure of the
secondary structure of SSUrRNA is involved. Resistance to
this aminoglycoside occurs in mutants in which this
particular base pair is disrupted [(A) itself] (25). This was
established in cases of other organisms, such as Giardia
Lamblia [(B) itself] (25) and Tetrahymena thermophila
[(C) itself] (26). In the case of Leishmania, Fong et al.
developed paromomycin-resistant clones in which there
was no mutation at the 1409-1491 equivalent position of
SSUrRNA (27); however, Mearouf et al. (28) recently
reported Leishmania resistance to paromomycin.

We used in vitro culture systems to assess the growth
inhibition of Kinetoplastids by a variety of
aminoglycosides. The effect of paromomycin, in
particular, on intracellular Leishmania in the in vitro
culture and of its topical ointment in treating cutaneous
lesions in human volunteers was studied. The 3’ region of
the secondary structure of these Kinetoplastids was
analyzed and then correlated with the experimental
determination of drug susceptibility.

Materials and Methods

The aminoglycoside antibiotics (paromomycin 1,
neomycin complex 2, kanamycin A 3, gentamycin A 4,
geneticin 5) were obtained from Sigma, USA and some of
them were synthesized by known procedures, parasite
cultures, and macrophage infection; L. amazonensis
(LV78), L. major (MHOM/PK/88/DESTO), L. tropica, and
L. infantum were maintained in the in vitro culture. They
were grown at 25 °C in medium 199 at pH 7.4 with 25
UM HEPES (N-2-hydroethylpiperazine-N-2-ethanesulfonic
acid) and 20% heat inactivated fetal bovine serum
(HIFBS) supplemented with the antibiotics penicillin (100 U
ml™) and streptomycin (100 pg ml™). Crithidia spp. and
Blastocrithidia culicis were cultured in brain heart infusion
medium. To study the effect of aminoglycosides on
promastigotes in culture, 4 10° promastigotes of the
respective Leishmania isolates were grown in the above-
stated medium in the presence and absence of the drug.
After 5 days the promastigotes were counted in both
experimental and control groups, and the percentage of
growth inhibition was calculated. For studying the effect



of the drugs on intracellular parasites, the permanent cell
line of mouse macrophage J774G8 was used. The
macrophages were cultured in medium RPMI 1640 with
HEPES (25 pM, pH 7.3), which contained 20% heat
inactivated fetal bovine serum and antibiotics.
Macrophages (cell density: 10%flask) were infected with
stationary phase promastigotes at a rate of 5 parasites
per macrophage, and after 24 h the infectivity was over
80%. The infected macrophages were washed by
replacing the old medium with fresh culture medium in
the absence (control) or presence of different
concentrations of the drugs. After 4 days the total
number of amastigotes in 100 macrophages was
determined as under, with each reading taken as a mean
of 3 experiments.

The 15% paromomycin simple ointment that
contained 12% benzethonium chloride was prepared
according to B.P. The ointment was applied on the
cutaneous lesion twice daily for 15 days.

Secondary Structure Construction: The Leishmania
SSUrRNA gene sequences came from GenBank. The
different strains had > 90% homology and were identical
in the 3’ U-loop region. The SSUrRNA genes for Crithidia
spp., and Blastocrithidia culicis were recently sequenced.
The secondary structures were constructed with the
LoopDLoop program (Don Gilbert, Indiana University,
USA). Numbering is according to that of E. coli.

Cell Culture: Leishmania cells were cultured in M199
plus 10% fetal bovine serum. Four species of Leishmania
were used: L. major, L. amazonesis, L. tropica, and L.
infantum. Crithidia spp. and Blastocrithidia culicis were
cultured in brain heart infusion medium.

Results and Discussion

Activity of the Drug against Promastigotes in
Culture

The antileishmanial activity of various aminoglycosides
against the old world and new world Leishmania isolates
is shown in Figures 1 and 2. The potency of the 4 drugs
was in the order of geneticin > hygromycin >
paromomycin > neomycin sulphate. Their ED,, values
ranged between 1.0 pg/ml for geneticin to about 30 pg/ml
for neomycin sulphate. Some of the cells transfected with
NEO were resistant to the drugs. In the present staudy
gentamycin and kanamycin showed no leishmanicidal
activity up to the concentration of about 200 pg/ml,
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which is in agreement with EI-On et al. (12,13). The
results presented in Figures 1 and 2 show the response of
the drug varied from strain to strain, signifying the
speciation of the parasite for chemotherapeutic purposes.

Effect of
Amastigotes

Paromomycin on Intracellular

Only the effect that produced successful infection of
the murine J 774 G8 macrophage cell line for L.
amazonensis strain was studied. The infected
macrophages were treated with different quantities of
paromomycin; at a concentration of 12 pg/ml of
paromomycin the intracellular amastigotes decreased by
> 50%. Addition of the drugs in fresh medium further
reduced the number of intracellular parasites, bringing
the EDg, value to about 3 pg/ml of paromomycin.

Treatment of Cutaneous Lesions in Human
Volunteer Patients with Paromomycin Ointment

To test the efficacy of the paromomycin ointment in
treating cutaneous lesions, 2 patients with
parasitologically confirmed cutaneous lesions were
treated twice daily for 15 days. On the eighth day the
inoculum from the lesion did not give a positive culture.
Between 40 and 50 days the lesions were totally cured.
Figures 1 and 2 show the results of such an experiment
in 1 patient.

Correlation of Drug Sensitivity Data with the
SSUrRNA Sequence

In Leishmania we attempted to correlate the antibiotic
susceptibility pattern with the secondary structure
prediction. The nucleotide sequence corresponding to the
3’ region of the SSUrRNA in Leishmania, Crithidia, and
Blastocrithidia are shown in Figure 3.

Paromomycin-resistant rRNA mutations have been
isolated in E. coli (11,30), Giardia (25), tetrahymena
(26), and yeast mitochondria (31), as outlined in Figure
2. These mutations are at the sites C-1409 and G-1491,
pairing at the circular location in the secondary structure.
Comparing the secondary structure of our tested
organisms with that of E. coli and Giardia, we found that
T-1409 and A-1491 exists in these organisms, strongly
suggesting that it may not be the individual bases at these
positions, but rather that the disruption of the pair may
account for paromomycin resistance. In Leishmania,
therefore, this T-A (1409-1491) confers susceptibility to
paromomycin.  Hygromycin-resistant mutants of
tetrahymena, in which U-1495 is altered, have been
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Figure 1. The structure of paromomycin 1, its bioactive conformation with relevant nucleotides in the A-site binding domain and the proposed site
for diversification (solid arrow), neomycin complex 2, kanamycin A 3, gentamycin A 4, geneticin 5,. The dashed arrow indicates the

replacement of -OH by -NH, for paromomycin 1 into neomycin 2.

isolated (26). This is also present in the Kinetoplastids
studied; therefore, susceptibility can be predicted as
evidenced by the in vitro studies of the effects of this
drug. Chemical probing experiments with E. coli have
shown that A-1408 and G-1495 are protected by
neomycin antibiotics (11-14). At position 1408 in
Leishmania A is replaced with base G, while base G at
position 1494 is present, which may account for the low
susceptibility of kinetoplastids to neomycin, as evidenced
by the in vitro experiment results on Leishmania.
Kanamycin was observed to bind G at position 1408.

In our kinetoplastid the A at position 1408 was
replaced with G, except in Blastocrithidia; therefore, on
the basis of the gene structure the resistance to this drug
can be predicted and this is supported by the in vitro
Leishmania experiment results. The resistance of Crithidia
and Blastocrithidia to these drugs can be presumably
explained as such: they either do not take in these drugs
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or their MDR efflux pump rapidly pumps out the drugs
before any damage is done to the cells. We have
constructed the secondary structure for other organisms
(Endotrypanum,  Bodo  caudatus,  Leptomonas,
Trypanosoma cruzi, and Trypanosoma brucei) in this
group as well. All the essential residues of this family are
the same.

To further substantiate the drug sensitivity test at the
molecular level, we constructed the secondary structure
of the 3’ region of the SSUrRNA gene, as outlined in
Figure 2, which is responsible for the sensitivity to these
drugs in all these organisms. After comparing the
secondary structures with that of E. coli (11-14) and
Giardia, we determined that at position 1409 and 1491,
a new T-A pair was formed instead of C-G, as in Giardia.
Previously, disruption of this pair also resulted in
resistance.
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Figure 2. The shape of Leishmania SSUrRNA.



Sensitivity of Kinetoplastids to Aminoglycoside: Correlation with the 3" Region of the Small Subunit rRNA Gene

L-complex

mRNA

MRP-complex

gRNA [
“yduuuuluuuuuul

GP-complex

Figure 3. Diagrammatic model for higher-order organization of editing
complexes. The L-complex is shown as a dimer for which the
evidence is suggestive, and the 3 complexes are shown to
interact via RNA. The gRNA and mRNA indicated are the most
likely candidates, but the existence of other RNA species has
not been ruled out. The gRNA structure shown is taken from
the model given by Hermann et al. (29).

Paromomycin and Tetrahymena thermophila

In humans, G at position 1491 is substituted by A and
disrupts the paring (23) so that the base pairing rather
than G or C at those particular residues is responsible for
the paromomycin binding (22). For hygromycin, we
observed that G is at position 1494 in these organisms,
the same as in E. coli and Giardia, which is supposed to
bind to the drug (11). It is T that followed, which was
also shown to be the residue responsible for the drug
effect (21,22). These accounted for the hygromycin
susceptibility of these organisms. The residue responsible
for kanamycin sensitivity is G at position 1408 in these
organisms, except in B. culicis, so they are as resistant to
drug as A. Actually, this Crithidia sp. failed to be inhibited
by all the drugs tested, i.e. arsenates and tunicamycin,
and they developed methotrexate resistance after a short
period of treatment. Their multi-drug resistance feature
requires further investigation.

In Leishmania the sensitivity pattern correlated well
with the secondary structure prediction. This gave us the
molecular basis for using these aminoglycosides in
chemotherapy for leishmaniasis. Hygromycin has no
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useful practical application in this case, as it does not
exhibit selective toxicity. The spectrum of its activity may
extend to all organisms because its target nucleosides are
universally conserved. Paromomycin is a potentially useful
anti-Leishmania agent. Understanding the mechanism of
this drug action is of great clinical significance, as
resistance may appear in patients during treatment. The
possibility of the existence of more than 1 mechanism
cannot be ignored. We observed that transfection of
Leishmania with the NEO gene renders them resistant to
all these drugs, as the substrate to the enzyme. Neomycin
phosphotransferase covers a board range, including
neomycins, paromomycin, kanamycin, and gentamycin. It
is possible that this kind of mechanism may exist in
Leishmania.

Conclusion

This manuscript described the susceptibility of several
kinetoplastid species to a small panel of aminoglycosides,
and correlated the results with rRNA sequence and
secondary structure analysis. While the data are sound,
they are sufficiently novel, even though similar research
previously demonstrated the efficacy of paromomycin for
the treatment of cutaneous leishmaniasis.

Acknowledgments

The authors wish to thank Prof. K.P. Chang and Yubin
Du, Microbiology and Immunology Department, Chicago
Medical School, USA, for their guidance and generous
assistance. We are also grateful to the Higher Education
Commission, Islamabad, Pakistan (HEC) for financial
support of the project (FFHP) during Dr. Elgazwy's
sabbatical.

Corresponding author:

A. S. Hamad ELGAZWY
Department of Chemistry,
Faculty of Science,

Ain Shams University,
Abbassia 11566

Cairo, EGYPT

E-mail: aselgazwy@yahoo.com



References

1.

Croft SL, Urbina JA, Brun R. Chemotherapy of human
leishmaniasis and trypanosomiasis. In: Trypanosomiasis and
Leishmaniasis (eds. G Hide, JC Mottram, GH Coombs & PH
Holmes) CAB International, Wallingford, pp. 245-257, 1997.

Thakur CP, Kanyok TP, Pandey AK et al. Treatment of visceral
leishmaniasis with injectable paromomycin (aminosidine). An
open-label randomized phase-II clinical study. Transactions of
the Royal Society of Tropical Medicine and Hygiene 94: 432-
433, 2000.

Berman JD, Badaro R, Thakur CP et al. Efficacy and safety of
liposomal amphotericin B (AmBisome) for visceral leishmaniasis
in endemic developing countries. Bulletin of the World Health
Organization 76: 25-32, 1998.

Meyerhoff A. US Food and Drug Administration approval of
AmBisome (liposomal amphotericin B) for treatment of visceral
leishmaniasis. Clinical Infectious Diseases 28: 42-48, 1999.

Jha TK, Sundar S, Thakur CP et al. Miltefosine, an oral agent,
for the treatment of Indian visceral leishmaniasis. New England
Journal of Medicine 341: 1795-1800, 1999.

Sherwood JA, Gachihi GS, Muigai RK et al. Phase 2 efficacy trial
of an 8-aminoquinoline (WR6026) for treatment of visceral
leishmaniasis. Clinical Infectious Diseases 19: 1034-1039,
1994.

El-On J, Halvey S, Grunwald MH et al. Topical treatment of Old
World cutaneous leishmaniasis caused by Leishmania major: a
double-blind study. Journal of the American Academy of
Dermatology 27: 227-231, 1992.

Asilian A, Jalayer T, Whitworth JAG et al. A randomized,
placebo-controlled trial of a two-week regimen of aminosidine
(paromomycin)
leishmaniasis in Iran. American Journal of Tropical Medicine and
Hygiene 53: 648-651, 1995.

ointment for treatment of cutaneous

Grogl M, Schuster BG, Ellis WY et al. Successful topical
treatment of murine cutaneous leishmaniasis with a combination
of paromomycin (aminosidine) and gentamicin. Journal of
Parasitology 85: 354-359, 1999.

Soto J, Toledo J, Gutierrez P et al. New approaches to
cutaneous leishmaniasis treatment in Latin America. Abstracts
XV International Congress for Tropical Medicine and Malaria,
Cartagena, Colombia 20-25 August 2000, vol. 1, p.60.

Moazed D, Noller HF. Interaction of antibiotics with functional
sites in 16s ribosomal RNA. Nature 327: 389-394, 1987.

El-On J, Halvey S, Grunwald MH et al. Topical treatment of Old
World cutaneous leishmaniasis caused by Leishmania major: A
double-blind study. Journal of the American Academy of
Dermatology 27: 227-231, 1992.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

A. S. H. ELGAZWY, M. M. YASINZAI

El-On J, Hamburger AD. Topical treatment of new and old world
leishmaniasis in experimental animals. Transactions of the Royal
Society of Tropical Medicine and Hygiene 81: 734-737, 1987.

Croft SL. Monitoring drug resistance in leishmaniasis, Tropical
Medicine and International Health 6(11): 899-905, 2001.

Ogata K, Kurahashi A, Kenmochi N et al. Role of 5SrRNA as
positive effectors of some aminoacyl-tRNA synthetases in
macromolecular complexes, with specific reference to
methionyl-tRNA synthetase. J Biochem 110: 1037-44, 1991.

Ogata K, Ohno R, Morioka S et al. Further study on association
of 5SrRNA-L5 protein complex and methionyl-tRNA to
methionyl-tRNA synthetase in the macromolecular aminoacyl-
tRNA synthetase complex. J Biochem 120: 869-80, 1996.

Ogata K, Kurahashi A, Ohno R et al. Interaction of SSrRNA-L5
protein complex, methionyl-tRNA, and methionyl-tRNA
synthetase in the macromolecular ARS complex. J Biochem 117:
750-7, 1995.

Ogata K, Kurahashi A, Tanaka S et al. Occurrence of 5SrRNA in
high molecular weight complexes of aminoacyl-tRNA synthetases
in a rat liver supernatant. J Biochem (Tokyo), 110, 1030-1036,
1991.

Ogata K, Kurahashi A, Nishiyama C et al. Presence of role of the
5SrRNA-L5 protein complex (5SRNP) in the threonyl- and
histidyl-tRNA synthetase complex in rat liver cytosol. Biochim
Biophys Acta 1218: 388-400, 1994.

Schlegal M. Protist evolution and phylogeny as discerned from
small subunit ribosomal RNA sequence comparisons. Eur J
Protistol 27: 207-219, 1991.

Neefs JM, Van de Peer Y, Hendricks L et al. Compilation of small
ribosomal subunit RNA sequences, Nucleic Acids Res 18: 2237,
1990.

Hutchin T. A molecular basis for human hypersensitivity to
amino glycoside antibiotics nucleic acids. Res 21: 4174-4179,
1993.

Chance ML. New developments in the chemotherapy of
leishmaniasis. Ann Trop Med Parasitol 89 (Suppl. 1): 37-43,
1995.

Spangler EA, Blackburn EH. The nucleotide sequence of the 17S
ribosomal genes of tetrahymena termophila and the
identification of point mutations resulting in resistance to the
antibiotics paromomycin and hygromycin. J Biol Chem 260:
6334-6340, 1985.

Edlind TD. Susceptibility of Giardia lamblia to aminoglycoside
protein synthesis inhibitors; Correlation with rRNA structure.
Antimicrobial agents’ chemotherapy 33: 484-488, 1989.

Sweeney R, Chen L, Yao MC. Phenotypic effects of targeted
mutations in the small subunit rRNA gene of Tetrahymena
thermophila. Mol Cell Biol 13: 4814-4825, 1993.

173



Sensitivity of Kinetoplastids to Aminoglycoside: Correlation with the 3" Region of the Small Subunit rRNA Gene

27.

28.

174

Fong D, Man-Ying C, Rodriguez R, et al. Paromomycin
resistance in L. tropica: Lack of correlation with mutation in the
small subunit ribosomal RNA gene. Am J Trop Med Hyg 51:
758-766, 1991.

Maarouf M, Lawrence F, Brown S et al. Biochemical alterations
in paromomycin-treated Leishmania donovani promastigotes. J
Parasitology Research, 83: 198-202, 1997.

29.

30.
31.

Hermann T, Schmid B, Heumann H, et al. A three-dimensional
working model for a guide RNA from Trypanosoma brucei.
Nucleic Acids Res 25: 2311-2318, 1997.

Moazed D, Stem S, Noller HFJ. Mol Biol 187: 399-416, 1986.

Li M, Tzagoloff A, Underblink-Lyon K et al. Identification of the
Paromomycin resistance mutation in the ssrRNA gene of yeast
mitochondria. J Biol Chem 257: 5921-5928, 1982.



