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Abstract

Introduction: Cutaneous Leishmaniasis is an endemic health problem worldwide. The absence of an alternative chemotherapeutic
approach to treating Leishmania infection requires urgent attention. So, the laboratory-trial study aimed to determine the activity of
a novel 2-Phenoxy Nicotinic Acid Hydrazide sulfonamide against Leishmania tropica.

Methods: The different densities (0.2, 1, 5, 25, and 125 pg /ml) of 2-PNAHS and Glucantime (0.2, 1, 5, 25, and 125 pg /ml) were
provided and added to parasite cultures. Then, the anti-Leishmania activity of the 2-PNAHS against Glucantime was determined

using an in-cell proliferation ELISA, BRDU (Chemiluminescent).

Results: According to the results, a dose-dependent decrease was observed in the viability of the Leishmania (L) tropica promastigotes
using Glucantime (P<0.05). Administration of different levels of the 2-PNAHS (0.2, 1, 5, 25, and 125 pg /ml) significantly decreased
the Leishmania (L) tropica promastigotes (P<0.05). Additionally, a difference was detected in the anti-Leishmania activity of the
2-PNAHS compared to Glucantime and the control group (P<0.05).

Conclusion: These results suggest that 2-PNAHS had anti-Leishmania activity better than Glucantime.
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Introduction

Leishmaniasis is a significant parasitic disease that
affects approximately two million persons annually, with
approximately 350 million at risk of infection (Desjeux,
2004). Cutaneous Leishmaniasis (CL) is an endemic
health problem worldwide. It causes ulcers on the body,
leaving lifelong scars and even severe disability. Based
on the reports, the Americas, the Mediterranean basin,
the Middle East, and central Asia are the principal foci of
the CL. Over 70% of the CL new cases were identified in
Afghanistan, Algeria, Brazil, Colombia, Iran, and Syria (1).
For years, chemotherapy for Leishmaniasis has relied on
administering pentavalent antimonial compounds such
as sodium stibogluconate and Meglumine antimoniate
(Glucantime) as first-line agents (2). Amphotericin
B, Pentamidine, and nonparenteral Miltefosine are
alternative chemotherapies introduced in recent decades
(3). However, these drugs also show complications such
as side effects and high costs. As well, medications used
for Leishmaniasis treatment have clinical side effects such
as nephrotoxicity, hepatotoxicity, and cardiac arrhythmia
(4-6). There is still no progress in the production of
newer medications. Thus, there is an urgency for the
development of affordable and less-toxic alternative drugs

(7). Despite research on producing an effective vaccine
against Leishmaniasis, no vaccine exists for any form of
Leishmaniasis (8).

Researchers focused on displacing synthetic drugs with
new medicines to develop an efficient and cheap parallel
synthesis approach (9). Sulfonamides are prominent
biologically active compounds with many biological
activities, such as anti-microbial, anti-bacterial, and
antioxidant (10). However, side effects such as liver,
kidney, skin, lung, and heart abnormalities were reported
for long-term administration of the sulfonamides (11).
In the past decade, investigated the Leishmanicidal
activities of Sulfonamides for the first time. Based on the
report, 1-(4-X-phenyl)-N'-[(4-Y-phenyl) methylene]-
1H-pyrazole-4-carbohydrazides are less than
Pentamidine and Ketokonazol and offer new perspectives
on the development of drugs with activities against the
Leishmania parasite (12). In a study, Bilbao-Ramos et
al studied the effect of the N-benzene sulfonamides
of amine-substituted aromatic sulfonamides
1-6, against Trypanosome cruzi and Leishmania spp.
Based on their observations, 4-nitro-N-pyrimidin-2-
ylbenzenesulfonamide and 4-chloro-N-5-methyl-thiazol-
2-yl-benzenesulfonamide had anti-leishmanial activity
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(13). The present study carried out the activity of a novel
2-Phenoxy Nicotinic Acid Hydrazide sulfonamide against
Leishmania tropica. This research investigated the cytotoxic
effects of the activity of a novel 2-Phenoxy Nicotinic Acid
Hydrazide sulfonamide against Leishmania tropica.

Materials and Methods
Phenoxy Nicotinic Acid Hydrazide Sulfonamide
Formulation

The formulation of the 2-PNAHS is shown in
Figure 1. The 2-PNAHS is a vital intermediate for
producing compounds. Using the reported methods, the
2-phenoxynicotinic acids were prepared using the fusion
of sodium 2-chloronicotinate and sodium phenoxide
derivatives. Etherification of the 2-phenoxy nicotinic acids
by a standard acid-catalyzed method afforded the ethyl
esters. Then the ethyl esters were treated with hydrazine
hydrate in absolute ethanol, which required the product
to have hydrazides (14).

Parasite Culture

Leishmania (L) tropica strain [MHOM/IR/NADIM3]
promastigotes (PM) were provided from the medical
Parasitology laboratory of the Shahid Sadoughi University
of Medical Sciences. The Amastigote of Leishmania
(L) tropica strain [MHOM/IR/NADIM3] was isolated
from mice spleens and transformed into PMs in Novy-
Nicolle-MacNeal (NNN). After 3 times passages of PMs,
NNN medium was progressively adapted to RPMI1640
media (Gibco), including antibiotics, glutamine, and FCS
supplemented with penicillin (100 U/ml), streptomycin

(100 pg /ml), and 20% heat-inactivated fetal bovine serum
(FCS) at 25°C (15).

Study Groups
To determine the anti-Leishmania activity of the
2-Phenoxy Nicotinic Acid Hydrazide, 11 experimental
groups were designed as follows:
o Group 1 as negative control group: 200 pl of
RPMI , +2x10° cells/ml PMs
«  Groups 2- 6 as cases: 200 ul of RPMI, , +2 x10° cells/
ml PMs+0.2, 1, 5, 25, 125 ug 2-PNAHS
o Groups 7- 11 as cases positive control: 200 ul of
RPMI , +2x10° cells/ml PMs+ 1 ug 2-PNAHS
Anti-Leishmania Activity Assay
The anti-Leishmania activity was done using C-Cell
proliferation enzyme-linked immunosorbent assay
(ELISA), BrdU (Chemiluminescent) method as described
by Diagnostics GmbH, Roche Applied Science, 68298
Mannheim, Germany (Version March 2015, Cat. No 11
669 915 001). This technique is used to determine DNA
synthesis in cell cultures. Briefly, in this system, a fixed
initial density of the parasites was transferred to screw-
capped vials of liquid medium (5 ml), and different
concentrations of 2-PNAHS or Glucantime (0.02, 1,
5, 25, and 125 pg /ml) were added. Then, the solution
was stimulated with acetone, and Dioxy bromoorydin
was added and incubated at 37°C for 8 hours. Then,
the supernatant was removed, and Fixator was added
to the permeable membrane. In the next step, the anti-
oxibromouridin conjugated with POD was added and
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Figure 1. the formulation of the2- Phenoxy Nicotinic Acid Hydrazide Sulfonamide
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incubated for 3 hours. Finally, the absorbance of the culture
is determined using a spectrophotometer at 450 nm.

Statistical Analysis

All data are reported as meanzstandard deviation.
One-way analysis of variance (ANOVA) was performed,
followed by post-Tukey LSD. Comparisons among the
experimental groups were done by one-way ANOVA.
The P<0.05 level assessed significant protection in
treatment groups.

Results

Antileishmanial activity of 2-Phenoxy Nicotinic Acid
Hydrazide Sulfonamide against Leishmania (L) tropica
[MHOM/IR/NADIM3] PMs is presented in Figures 2-4.
According to the results, a dose-dependent decrease in the
viability of the Leishmania (L) tropica promastigotes was

120 +
100
80
60
40

Leishmania load

Glo0.2pyg Glo1pg Glo 5pg

Glo 25pg  Glo 125pg

observed using Glucantime (P <0.05) (Figure 2).

Administration of different levels of the 2-PNAHS
(0.2, 1, 5, 25, and 125 pg /ml) significantly decreased
the viability of the Leishmania (L) tropica promastigotes
(P<0.05) (Figure 3).

Additionally, a significant difference was detected in
the anti-Leishmania activity of the 2-PNAHS compared
to Glucantime and the control group (P<0.05) (Figure 4).
The 2-PNAHS has better anti-Leishmania activity in each
dose than the same Glucantime dose. Overall, 2-PNAHS
had anti-Leishmania activity better than Glucantime.

Discussion

To our knowledge, no previous study has been
conducted on the effect of levels of 2-PNAHS compared
to Glucantime against Leishmania (L) tropica [MHOM/
IR/NADIM3] PMs. These results suggest that 2-PNAHS
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Figure 2. Effect of different levels of Glucantime against Leishmania (L) tropica in the stationary phase
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Figure 3. Effect of 2-Phenoxy Nicotinic Acid Hydrazide levels against Leishmania (L) tropica in the stationary phase
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Figure 4. Effect of different levels of Glucantime vs. 2-Phenoxy Nicotinic Acid Hydrazide Sulfonamide against Leishmania (L) tropica in the stationary phase
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has medical potential much better than Glucantime.
Leishmania spp. cause a broad spectrum of infectious
diseases ranging from self-healing cutaneous ulcerations
to progressive and lethal visceral infection (16).
Currently, the drugs used for Leishmaniasis treatment
present many disadvantages, including serious clinical
side effects such as nephrotoxicity, hepatotoxicity, and
cardiac arrhythmia. In contrast, the emerging strain
resistance to available drugs has also decreased the
treatment options (17). However, there is no report on
the role of the 2-PNAHS against Leishmaniasis; in this
study, we compared our results with previous reports;
however, the chemicals’ origin might differ. Previous
reports imply that sulfonamide functionality can display
antiparasitic, antibacterial, and anti-viral HIV activities
(18). The addition of the sulfonamide together with the
bromide improved the Antileishmanial activity of this
series compared to our previous data from 5-amino-1-
aryl- 4-(4, 5-dihydro-1H-imidazol-2-yl)-1H-pyrazoles
derivatives (19). Additionally, Rahavi E et al reported
sulfonamide-1, 2, 4-triazoles, 1, 3, 4-thiadiazoles, and 1,
3, 4-oxadiazole as potential antibacterial and antifungal
agents. Also, sulfonamide-1, 2, and 4-triazole derivatives
have antifungal and antibacterial activity (20), similar to
commercial ketoconazole and bifonazole (21).
Minimum inhibitory concentration (MIC)
determination was performed by a serial dilution
technique using 96-well microtitre plates. As observed
in this study, the MIC of 2-PNAHS was determined at
0.02 pg /ml. The interesting finding of the current study
was that at the level of 0.02 ug /ml, the 2-PNAHS had
better results than Glucantime compared to the control
group. While new anti-leishmanial compounds are
continuously developing, drug combination is currently
considered one of the most rational alternatives to
improve treatment efficiency, prevent drug resistance,
and reduce treatment duration (22). Currently, the
recommended drugs for the treatment of Leishmaniasis
are administered parenterally and are limited, such
as old drugs and new components, such as pyrazole
carbohydrazides, 2-phenoxy-1, 4-anthraquinone, and
Sulfonamide 4-Methoxychalcone derivatives (23). The
key goal in pharmaceutical development is a good
understanding of in vitro and in vivo performance (24).
As observed in the current study, 2-Phenoxy Nicotinic
Acid Hydrazide Sulfonamide had a positive effect
against Leishmaniasis. The proposed mechanism of
action for the biological effects of 2-Phenoxy Nicotinic
Acid Hydrazide Sulfonamide against Leishmaniasis
is unclear. In a possible mechanism, it is reported
that Sulfonamide derivatives have antioxidant and
Antiacetylcholinesterase activities and might exert their
effect against Leishmaniasis via a pathway (25). We think
the current results can be used as base information,
and further research is needed for the direct cellular

and molecular action of the Antileishmanial activity of
2-Phenoxy Nicotinic Acid Hydrazide Sulfonamide. It is
reported that the sulfonamide group can bind to active,
aromatic components and heteroaromatic systems and
might impress antiparasitic activity (26-28).

Garedaghi Y et al studied the Antileishmanial activity of
the various forms of the Sulfonamide 4-Methoxychalcone
derivatives. Based on their report, all Sulfonamide
derivatives were able to affect L. amazonensis PMs
in a concentration-dependent manner and with low
cytotoxicity. During the evaluation of new synthetic
compounds against experimental Leishmaniasis in the
murine model, it is necessary to evaluate possible toxic
effects. These data will enable the study and application
of the new drugs. The obvious question was to evaluate
toxicity in treated animals. This evaluation assessed
body weight, leukocyte counts, hepatic enzymes, and
urine Kkeratinization (29-31). We think further research
is needed to determine the safety of the 2-PNAHS as
a potential Antileishmanial drug. In conclusion, these
results suggest that 2-PNAHS has medical potential better
than Glucantime. Further research is needed to determine
the cellular and molecular mechanisms of action.

Conclusion

These results showed that 2-phenoxynicotinic acid
hydrazide sulfonamide produces better results than
Glucantime under the same conditions in terms of time
and amount of exposure in the culture medium. However,
this comparison should be studied on a larger scale and in
different sizes.

Acknowledgments

The authors would like to thank the authorities of the School of
Pharmacy for financial support. Also, we thank all the people who
have assisted with the experimental procedure, especially Mrs.
Marziyeh Sadat Modarres Sanavi of the Medical Parasitology and
Mycology Department, School of Medicine.

Authors’ Contribution

Conceptualization: Ali Fattahi Bafghi, Ali Reza Moradi.
Data curation: Neda Khanizadeh.

Formal analysis: Arefeh Dehghani.

Funding acquisition: Ali Fattahi Bafghi, Ali Reza Moradi.
Investigation: Ali Fattahi Bafghi, Neda Khanizadeh.
Methodology: Ali Fattahi Bafghi, Ali Reza Moradi.

Project administration: Ali Fattahi Bafghi.

Resources: Ali Fattahi Bafghi, Neda Khanizadeh.

Software: Neda Khanizadeh, Arefeh Dehghani.

Supervision: Ali Fattahi bafghi.

Validation: Ali Fattahi BafghiT Ali Reza Moradi, Arefeh Dehghani.
Visualization: Ali Reza Moradi, Arefeh Dehghani.
Writing-original draft: Ali Fattahi Bafghi, Neda Khanizadeh.
Writing-review & editing: Ali Fattahi Bafghi.

Competing Interests
The authors have no conflicts of interest.

80 | Int ] Med Parasitol Epidemiol Sci. 2025;6(3)



Fattahi Bafghi et al

Data Reproducibility
The dataset presented in the study is available upon request from
the corresponding author during submission or after publication.

Ethical Approval

This paper was distilled from a research project approved by the
Committee of Ethics for Human Research, Center for Preventing
and Controlling Tropical Infectious Diseases at Shahid Sadoughi
Hospital, Yazd, Iran, with the code of ethics IR.SSU.MEDICINE.
REC.1394.287.

Funding

This research received a specific grant conferred to submit to and
approved by the Research Council at the School of Pharmacy,
Shahid Sadoughi University of Medical Sciences, Yazd, Iran.

References

1.

Lima LM, Frattani FS, Dos Santos JL, Castro HC, Fraga CA,
Zingali RB, et al. Synthesis and anti-platelet activity of
novel arylsulfonate--acylhydrazone derivatives, designed as
antithrombotic candidates. Eur ] Med Chem. 2008;43(2):348-
56. doi: 10.1016/j.ejmech.2007.03.032.

Azeredo-Coutinho RB, Conceicdo-Silva F, Schubach A,
Cupolillo E, Quintella LP, Madeira MF, et al. First report of
diffuse cutaneous leishmaniasis and Leishmania amazonensis
infection in Rio de Janeiro state, Brazil. Trans R Soc Trop Med
Hyg. 2007;101(7):735-7. doi: 10.1016/j.trstmh.2007.01.005.
Bernardino AM, Gomes AO, Charret KS, Freitas AC, Machado
GM, Canto-Cavalheiro MM, et al. Synthesis and leishmanicidal
activities of 1-(4-X-phenyl)-N'-[(4-Y-phenyl)methylene]-1H-
pyrazole-4-carbohydrazides. Eur ] Med Chem. 2006;41(1):80-
7. doi: 10.1016/j.ejmech.2005.10.007.

Fattahi Bafghi A, Dehghani Ashkezari M, Vakili M, Pournasir
S. Polyurethane sheet impregnated with arabinogalactan can
lead to increase of attachment of promastigotes and amastigote
of Leishmania major (MRHO/IR/75/ER) by GP63 and HSP70
genes. Mater Sci Eng C Mater Biol Appl. 2018;91:292-6. doi:
10.1016/j.msec.2018.05.044.

Fattahi Bafghi A, Haghirosadat BF, Yazdian F, Mirzaei F,
Pourmadadi M, Pournasir F, et al. A novel delivery of curcumin
by the efficient nanoliposomal approach against Leishmania
major. Prep Biochem Biotechnol. 2021;51(10):990-7. doi:
10.1080/10826068.2021.1885045.

Richard JV, Werbovetz KA. New antileishmanial candidates
and lead compounds. Curr Opin Chem Biol. 2010;14(4):447-
55. doi: 10.1016/j.cbpa.2010.03.023.

Croft SL, Seifert K, Yardley V. Current scenario of drug
development for leishmaniasis. Indian ] Med Res.
2006;123(3):399-410.

Fattahi Bafghi A, Noorbala M, Noorbala MT, Aghabagheri
M. Anti-leishmanial effect of zinc sulphate on the viability of
Leishmania tropica and L. major promastigotes. Jundishapur J
Microbiol. 2014;7(9):e11192. doi: 10.5812/jjm.11192.

Khan W, Zakai HA. Epidemiology, pathology and treatment of
cutaneous leishmaniasis in Taif region of Saudi Arabia. Iran J
Parasitol. 2014;9(3):365-73.

Gocer H, Akincioglu A, Oztaskin N, Goksu S, Giilgin 1.
Synthesis, antioxidant, and antiacetylcholinesterase activities
of sulfonamide derivatives of dopamine-related compounds.
Arch Pharm (Weinheim). 2013;346(11):783-92. doi: 10.1002/
ardp.201300228.

Mondal S, Mandal SM, Mondal TK, Sinha C. Spectroscopic
characterization, antimicrobial activity, DFT computation
and docking studies of sulfonamide Schiff bases. ] Mol Struct.
2017;1127:557-67. doi: 10.1016/j.molstruc.2016.08.011.
Bolognesi ML, Lizzi F, Perozzo R, Brun R, Cavalli A. Synthesis

20.

21.

22.

23.

24.

25.

of a small library of 2-phenoxy-1,4-naphthoquinone and
2-phenoxy-1,4-anthraquinone  derivatives  bearing  anti-
trypanosomal and anti-leishmanial activity. Bioorg Med Chem
Lett. 2008;18(7):2272-6. doi: 10.1016/j.bmcl.2008.03.009.
Bilbao-Ramos P, Galiana-Rosell6 C, Dea-Ayuela MA,
Gonzalez-Alvarez M, Vega C, Rolén M, et al. Nuclease
activity and ultrastructural effects of new sulfonamides with
anti-leishmanial and trypanocidal activities. Parasitol Int.
2012;61(4):604-13. doi: 10.1016/j.parint.2012.05.015.
Moradi A, Navidpour L, Amini M, Sadeghian H, Shadnia H,
Firouzi O, et al. Design and synthesis of 2-phenoxynicotinic
acid hydrazides as anti-inflammatory and analgesic agents.
Arch Pharm (Weinheim). 2010;343(9):509-18. doi: 10.1002/
ardp.200900294.

Limoncu ME, Balcioglu IC, Yereli K, Ozbel Y, Ozbilgin A.
A new experimental in vitro culture medium for cultivation
of Leishmania species. Journal of Clinical Microbiology.
1997;35(9):2430-1. doi: 10.1128/jcm.35.9.2430-2431.1997.
Fatahi Bafghi A, Daghighi M, Daliri K, Jebali A. Magnesium
oxide nanoparticles coated with glucose can silence important
genes of Leishmania major at sub-toxic concentrations.
Colloids Surf B Biointerfaces. 2015;136:300-4. doi: 10.1016/j.
colsurfb.2015.09.029.

Fatahi Bafghi A, Eslami G, Ajamein V, Barzegar K, Vakili
M. Expression profile in Leishmania major exposed to
Staphylococcus  aureus and group A beta-hemolytic
Streptococcus. ] Vector Borne Dis. 2023;60(1):32-7. doi:
10.4103/0972-9062.345178.

Loh B, Vozzolo L, Mok BJ, Lee CC, Fitzmaurice RJ, Caddick
S, et al. Inhibition of HIV-1 replication by isoxazolidine and
isoxazole sulfonamides. Chem Biol Drug Des. 2010;75(5):461-
74. doi: 10.1111/j.1747-0285.2010.00956.x.

Marra RK, Bernardino AM, Proux TA, Charret KS, Lira ML,
Castro HC, et al. 4-(1H-pyrazol-1-yl) benzenesulfonamide
derivatives:  identifying  new  active  antileishmanial
structures for use against a neglected disease. Molecules.
2012;17(11):12961-73. doi: 10.3390/molecules171112961.
Rahavi Ezabadi I, Camoutsis C, Zoumpoulakis P, Geronikaki
A, Sokovi¢ M, Glamocilija J, et al. Sulfonamide-1,2,4-triazole
derivatives as antifungal and antibacterial agents: synthesis,
biological evaluation, lipophilicity, and conformational
studies. Bioorg Med Chem. 2008;16(3):1150-61. doi:
10.1016/j.bmc.2007.10.082.

Fattahi Bafghi A, Dehghani Ashkezari M, Vakili M, Pournasir
S. Polyurethane sheet impregnated with Arabinogalactan
can lead to increase of attachment of promastigotes and
Amastigote of Leishmania major (MRHO/IR/75/ER) by GP63
and HSP70 genes, Materials Science & Engineering C. 2018;
Pages 292-296. doi: 10.1016/j.msec.2018.05.044.

Gazanion E, Vergnes B, Seveno M, Garcia D, Oury B, Ait-
OudhiaK; etal. In vitro activity of nicotinamide/antileishmanial
drug combinations. Parasitol Int. 2011;60(1):19-24. doi:
10.1016/j.parint.2010.09.005.

Croft SL, Sundar S, Fairlamb AH. Drug resistance in
leishmaniasis. Clin Microbiol Rev. 2006;19(1):111-26. doi:
10.1128/cmr.19.1.111-126.2006.

Charret KS, Rodrigues RF, Bernardino AM, Gomes AO,
Carvalho AV, Canto-Cavalheiro MM, et al. Effect of oral
treatment with pyrazole carbohydrazide derivatives against
murine infection by Leishmania amazonensis. Am ] Trop Med
Hyg. 2009;80(4):568-73.

Fattahi Bafghi A, Jebali A, Daliri K. Silica nanowire conjugated
with loop-shaped oligonucleotides: a new structure to silence
cysteine proteinase gene in Leishmania tropica. Colloids
Surf B Biointerfaces. 2015;136:323-8. doi: 10.1016/j.
colsurfb.2015.09.028.

Int ] Med Parasitol Epidemiol Sc. 2025;6(3) \ 81


https://doi.org/10.1016/j.ejmech.2007.03.032
https://doi.org/10.1016/j.trstmh.2007.01.005
https://doi.org/10.1016/j.ejmech.2005.10.007
https://doi.org/10.1016/j.msec.2018.05.044
https://doi.org/10.1080/10826068.2021.1885045
https://doi.org/10.1016/j.cbpa.2010.03.023
12/jjm.11192
https://doi.org/10.1002/ardp.201300228
https://doi.org/10.1002/ardp.201300228
https://doi.org/10.1016/j.molstruc.2016.08.011
https://doi.org/10.1016/j.bmcl.2008.03.009
https://doi.org/10.1016/j.parint.2012.05.015
https://doi.org/10.1002/ardp.200900294
https://doi.org/10.1002/ardp.200900294
https://doi.org/10.1128/jcm.35.9.2430-2431.1997
https://doi.org/10.1016/j.colsurfb.2015.09.029
https://doi.org/10.1016/j.colsurfb.2015.09.029
https://doi.org/10.4103/0972-9062.345178
https://doi.org/10.1111/j.1747-0285.2010.00956.x
https://doi.org/10.3390/molecules171112961
https://doi.org/10.1016/j.bmc.2007.10.082
https://doi.org/10.1016/j.msec.2018.05.044
https://doi.org/10.1016/j.parint.2010.09.005
https://doi.org/10.1128/cmr.19.1.111-126.2006
https://doi.org/10.1016/j.colsurfb.2015.09.028
https://doi.org/10.1016/j.colsurfb.2015.09.028

Fattahi Bafghi et al

26.

27.

28.

Baquedano Y, Moreno E, Espuelas S, Nguewa P, Font M,
Gutierrez KJ, et al. Novel hybrid selenosulfonamides as potent
antileishmanial agents. Eur ] Med Chem. 2014;74:116-23.
doi: 10.1016/j.ejmech.2013.12.030.

Fattahi Bafghi A, Vahidi AR, Anvari MH, Barzegar K,
Ghafourzadeh M. The in vivo antileishmanial activity of
alcoholic extract from Nigella sativa seeds. Afr ] Microbiol Res.
2011;5(12):1504-10. doi: 10.5897/ajmr11.009.

Garedaghi Y, Firouzivand Y, Ahmadi BK, Zarei A, Salehizadeh
E. The effect of monomycin and gentamycin sulfate on growth
of promastigotes of Leishmania under in vitro conditions. Int
Med Parasitol Epidemiol Sci. 2021;2(1):16-8. doi: 10.34172/
ijmpes.2021.04.

29.

30.

31.

Garedaghi Y, Shojaee S, Khaki A, Hatef A, Ahmadi Ashtiani
HR, Rastegar H, et al. Modulating effect of Allium cepa on
kidney apoptosis caused by Toxoplasma gondii. Adv Pharm
Bull. 2012;2(1):1-6. doi: 10.5681/apb.2012.001.

Garedaghi Y, Bahavarnia SR. Repairing effect of Allium cepa
on testis degeneration caused by Toxoplasma gondii in the
rat. Int ] Womens Health Reprod Sci. 2014;2(2):80-9. doi:
10.15296/ijwhr.2014.12.

Jordao FT, Cabral AD, Pereira GL, de Andrade LA, Santos ES,
Suzuki RB, et al. Evolutive history of Leishmania genus and
differential diagnosis of clinical important species based on a
unique Kinetoplastida chitinase. Int ] Med Parasitol Epidemiol
Sci. 2021;2(3):48-55. doi: 10.341 72/ijmpes.2021.16.

© 2025 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License (http:/
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

82

| Int ] Med Parasitol Epidemiol Sci. 2025;6(3)


https://doi.org/10.1016/j.ejmech.2013.12.030
https://doi.org/10.5897/ajmr11.009
https://doi.org/10.34172/ijmpes.2021.04
https://doi.org/10.34172/ijmpes.2021.04
https://doi.org/10.5681/apb.2012.001
https://doi.org/10.15296/ijwhr.2014.12
https://doi.org/10.34172/ijmpes.2021.16
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0

