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ABSTRACT. Leishmaniosis is a parasitic infection spreads to humans by sand flies. Over 20 different species of
Leishmania are responsible for the disease, which infect over 14 million people around the world. Chemotherapy is one
of the most effective treatments for leishmaniosis, however it is restricted by the high cost and/or toxicity. In this study,
the possible effect of artemisinin (ART) was detected on intracellular amastigotes of Iraqi strain of Leishmania donovani
in ex vivo condition in U937 macrophage cell line. Gene expression of inducible nitric oxide synthase (iNOS) in U937
macrophage was investigated, before and after treatment with artemisinin. Kinetic result by real-time PCR demonstrated
that the iNOS expression folding reached the maximum at concentration of 500 uM after 24 hours, at 750 uM after 48
hours and at 1000 uM after 72 hours, which was 56, 11, and 6, respectively. The copy number of iNOS gene expression
was also significantly higher in treated infected U937 cells compared to both non-treated-infected cells and intact
macrophages, under different concentration of ART along the three times of follow-up. Moreover, stained macrophages
with fluorescent DAPI proved that the percentage of intracellular infective amastigotes was decreased to the minimum
in treated U937 cells, in comparison to non-treated cells. The minimal amastigote-invasion percentage was recorded at
1000 uM, which was 26%, 27%, 21% compared to 61%, 87%, 75% in untreated cells after 24, 48, 72 hours respectively.
These findings demonstrated ART positive efficacy against iNOS expression and this compound can be further studied
as novel therapeutic rather than toxic available chemotherapies.
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Introduction

Leishmaniosis is a serious worldwide health
problem and it is considered a neglected tropical
disease (NTD) which is endemic in 98 tropical
regions [1]. According to the World Health
Organization (WHO), two million cases of
leishmaniosis are recording annually, exposing 350
million individuals at risk of infection [2]. The
disease is found in 90 countries, Afghanistan,
Algeria, Bolivia, Brazil, Colombia, Iran, Iraq,
Pakistan, Syria, and Tunisia having the highest
prevalence [3,4]. Chemotherapy is still the most
common treatment for leishmaniosis; antimonials
are currently the most used treatment, followed by

miltefosine, amphotericin B and its liposomal
forms, paramomycin, and several WHO-
recommended combination treatments [5,6].
However, various complications were reported
including high costs, considerable toxicity and the
development of drug-resistant parasites, which limit
their use [7]. Artemisia is a type of medicinal herbs
of the Asteraceae family with antibacterial
properties [1]. Many researchers have recently

identified that Artemisia extracts, such as
artemisinin (ART) and its derivatives have
antiparasitic, antioxidant, antibacterial, anti-

inflammatory, and anticancer activities [8.,9].
According to studies [10,11], ART has a
multifunctional role in the control of leishmaniosis,
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it enhances NO and iNOS synthesis in uninfected
macrophages and regulates the immune system
indirectly by stimulating Thl cytokine expression. It
is been used to treating numerous diseases, for
example, angiogenesis inhibitors are used to treat
cancer [12,13] as well as psoriasis and diabetic
retinopathy treatment [14]. The generation of nitric
oxide (NO) by the inducible nitric oxide synthase
(iNOS) enzyme has been shown to have a vital role
in the in vitro and in vivo killing of Leishmania in
activated macrophages [15]. The iNOS gene is
increased after the T-cell derived cytokine IFN-y
activates mammalian macrophages, resulting in the
production of NO, which is fatal for Leishmania and
a number of intracellular infections such as
Plasmodium falciparum, Toxoplasma gondii, and
others [16,17]. Stimulation of iNOS expression in
human macrophages appears to be more regulated
than in mouse macrophages, making its role in
human leishmaniosis more remarkable [17,18].
However, human macrophages have been shown to
kill Leishmania in an NO-dependent mechanism in
different studies and the detection of iNOS enzyme
in a human tissue granuloma containing L. donovani
had been reported [17]. Producing activated oxygen
radicals and nitric oxide are two main pathways for
eradicating intracellular parasites [19]. NO
generation by iNOS can be regulated at the
transcriptional level, most cells have extremely low
levels of iNOS protein, but activating these cells
with cytokines or growth factors causes increased
iNOS gene transcription and consequent synthesis
of high quantities of NO [20,21]. This finding
improves the theory that iNOS has a role in human
leishmaniosis, identifying the mechanism of
controlling the disease and other infections via
macrophages depending-iNOS expression [22]. The
mechanisms and pathways that stimulate
Leishmania-infected macrophages are having more
attention because they could be used to develop
novel anti-leishmanial drugs [21]. In this study, the
kinetic effect of ART on iNOS expression was
investigated in L. donovani-infected macrophage.

Materials and Methods

Parasite and macrophages cell line U937 used in
this study

Iraqi strain of Leishmania donovani was kindly
provided from the laboratory of Parasitology,
graduate studies, Department of Biology, College of
Science, University of Baghdad and was previously

diagnosed by PCR [23]. Macrophage U937 cell line
was purchased from Rawafid-Aleloom laboratories,
Hillah, Iraq.

Promastigote culture

Axenic procyclic promastigotes (logarithm
phase) were cultivated in Novy-MacNeal-Nicolle
(NNN) medium before being transferred to RPMI
cell culture media. This medium was supplemented
with 10% HIFCS, 100 IU/ml pen/strep [6]. The
parasites were concentrated to 1x10° parasites/ml
and put into 5 ml universal tubes and stored at 26°C
after the culture promastigote forms was counted
using a Neubauer chamber enhanced bright-line
hemocytometer.

Amastigotes differentiation from promastigotes, in
Vitro

Transferring 1x10° promastigotes/ml to a fresh
RPMI1640 medium supplemented with 20%
HIFBS, pH 5.5, and incubating at 35°C for two days
to create infectious metacyclic promastigotes was
used to promote the formation of axenic amastigotes
[24].

Macrophage host U937 cell line culture

The cell line U937 was grown in RPMI1640
medium with 10% HIFBS and 1% pen/strep at 37°C
in a humidified incubator with 5% CO,.

Artemisinin preparation

Artemisinin was made by dissolving 5 mg of
ART powder in 3.5 ml of dimethyl sulfoxide, as
directed by the manufacturer (TOCRIS bioscience
/UK) (DMSO).

Ex vivo infection of U937 macrophages with L.
donovani amastigotes

Cells were scraped from the bottom of a healthy
culture flask and counted using a haemocytometer
before cultured on a 6 well-plate (Falcon/USA). The
cells were washed twice with PBS, then re-
suspended at a final concentration of 1x10° cell/ml
in RPMI media supplemented with 10% HIFBS, 1%
pen/strep in a humidified incubator at 37°C. L.
donovani amastigotes was added counted and added
in a ratio of 1:10. The following concentrations of
artemisinin were added to the wells (1000, 750, 500,
250, and 125) uM. Triplicate plates were prepared
and incubated for three time of follow-up (24, 48,
72) hours [25]. Plates were fixed and stained with
DAPI stain after the specified incubation time;
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Table 1. Primers used for RT-PCR of iNOS [42]

Primer Seq.

Annealing temp. (°C) Product size (bp)

iNOS-F 5-ATGCCAGATGGCAGCATCAGA-3°

iNOS-R 5"-ACTTCCTCCAGGATGTTGTA-3

60 371

another plate was prepared as control where no ART
was added.

DAPI staining and fluorescent microscopy

DAPI stain powder was prepared and used
according to Sigma—Aldrich®, dissolved in D.W to
a final concentration of 1 to 5 mg/ml as stock
solution. Dye stock solution was diluted with
methanol to a final concentration of 1 pg/ml and
was added to each well for 5 minutes, then washed
three times in PBS, triplicates were prepared for
each well. 100 macrophages were counted in
random fields under the fluorescent microscope to
calculate the number of infected and non-infected
cells, the total number of parasites in 100
macrophages, and the number of parasites in
infected macrophages, the following formula was
used to obtain the mean number of parasites per cell
[26].
Parasite/cell = Total number of amastigote load in
100 macrophages/number of infected cells

Nucleus of non-
Infected cell

4

ey

Nucleus of
amastigote

Nucleus of
amastigote

/ ./ Nucleus of

U937 cell

Real-time polymerase chain reaction (Quantitative-
PCR One step) of iNOs gene expression in U937
macrophages

Macrophage RNA was extracted using TRIzol
Reagent (Thermo Scientific, USA) according to the
manufacturer’s instructions [43]. Pellet was
rehydrated in 50 pl of nuclease free water then
incubated in a water bath set at 55-60°C for 10-15
minutes.

This experiment was done using real time
thermal cycler Mic qPCR cycler one step version
2.10.0 and the results were analyzed using special
software for this device. Amplification for gene at
the different conditions. The cycles were run
correctly according to the plot of delta
fluorescence/delta temperature (df/dt) with the
number of cycles.

Real-time PCR primer pair for iNOS was
purchased from Macrogen Company in a
lyophilized form (Tab. 1). Lyophilized primers were
dissolved in a nuclease free water to give a final

Figure 1. Ex vivo infection of U937 with L. donovani amastigotes, in different concentration of ART and stained with
DAPI stain, picture was taken by fluorescent microscope (40x)
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Table 2. Ex vivo infection of U937 with L. donovani amastigotes after 24, 48 and 72h (cell counting with DAPI stain)

Percentage of amastigote/100

Percentage of amastigote/M©@

Parameter Percentage of infected MO MO cell cell

i;r}ci‘ﬁaﬁon of  o4n 48h 72h 24h 48h 72h 24h 48h 72h
1000 26 27 21 8 36 32 1.6 13 15
750 17 23 47 21 46 63 1.2 1.4 13
500 23 14 51 33 23 59 1.4 1.6 1.1
250 38 47 60 76 117 70 2 2.4 1.1
125 41 75 56 89 123 89 2.1 1.6 15
Control 61 87 75 135 234 120 22 2.6 1.6

concentration of 100 pmol/ul as a stock solution.
The Master mix components was prepared as the
following: 5 ul gPCR Master Mix, 0.25 pl RT mix,
0.25 ul MgCL,, 0.5 uM/ul of each forward or
reverse primer, 2.5 pl nuclease free water, 1 ng/ul
RNA, 10 pl total volume. 9 ul of Master mix per
tube and add 1 pl of template was added. Real-time
PCR (Bio Molecular System, Australia) for cDNA
amplification was set up for 40 cycles as the
following: 95°C/20 sec, 60°C/20 sec and 72°C/20
sec.

Statistical analysis

Significant difference was calculated by
GraphPad Prism v7.0 in which t-test was used at P
< 0.05 significant, mean + SEM.

Results and Discussion

Nucleic acid staining and fluorescent microscopy

Different artemisinin concentrations were
examined against U937 macrophages infected with
L. donovani amastigotes. DAPI is a fluorescent dye
that binds to double-stranded DNA with high
selectivity and creates highly fluorescent DNA-
DAPI complexes. It is blue fluorescence stands out
in stark contrast to other structures’ green, yellow, or
red fluorescent probes [27]. Figure 1 shows the
inhibitory efficacy of artemisinin against the ability
of amastigotes to invade macrophages in treated and
untreated cells after 24, 48, and 72 hours of follow
up. Infection of U937 cells started in 24 hours, and
efficacy was improved after 48 and 72 hours, this
could indicate that ART is a dose- and time-
dependent inhibitor [6].

According to the table 2, ex vivo infection of U937
macrophages at concentrations of (1000, 750, 500,
250, 125) puM revealed a significant difference
between test and control after 24, 48 and 72 hours,
with the minimal invasion percentage in 1000 uM,
which was 26%, 27%, 21% compared to 61%, 87%,
75% in the control plate in 24, 48, 72 hours,
respectively. The percentages of infected macrophage
were reduced in 24, 48, and 72 hours of incubation,
indicating the effect of artemisinin on Leishmania
infectivity.

Similar study by Hassan and Ali [28], found that
L. tropica promastigotes count was reduced in, in
vitro culture, after 48 hours and gradual decrease
was continued after 72 hours. They also found that
the infectivity of intracellular L. tropica amastigotes
was highly decreased after 48 hours ex vivo
infection. Another study by Bok et al. [29]
investigated the infectivity of different pathogens,
such as Norovirus, on RAW264.7 and detected
nuclear morphology using DAPI staining. Another
study by Amoa-Bosompem et al. [30] reported of
investigation the efficacy of three anti-trypanosome
agents against Leishmania were employed DAPI
stain to detect any phenotypic changes in
Leishmania hertigi parasites. Colineau et al. [31]
studied L. donovani effectors that support
macrophage infection in another investigation,
THP-1 cells infected with Leishmania nuclei were
identified with DAPI, which detected both
macrophages and Leishmania nuclei, this enabled
for the counting of the number of infected cells per
total cells (infection rate) and the number of
Leishmania per infected macrophage (parasite
burden) on each image, as well as the calculation of
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averages. AlI-HAlbosiy et al. [32] reported when use
DAPI stain after 24 and 48 hours of ART treatment,
the infectivity and amount of intracellular Leishman
bodies in treated murine peritoneal macrophages
were evaluated.

Measuring expression of iNOS gene in U937 by
real-time PCR (gPCR)

iNOS gene expression was investigated by
qPCR to determine the expression in both infected-
treated and infected non-treated cell under different
concentration of artemisinin.

In this study, the use of artemisinin increases
endogenous iNOS gene expression in L. donovani-
infected U937 macrophages: RT-PCR results
demonstrated in two ways relative and absolute. The
highest folding expression of iNOS was recorded at
concentration of 500 uM after 24 hours, at 750 uM
after 48 hours and at 1000 pM after 72 hours, which
was 56, 11, and 6, respectively. The copy number of
iNOS gene expression was also significantly higher
in treated infected U937 cells compared to both non-
treated-infected cells and intact macrophages, under
different concentration of ART along the three times
of follow-up. that iNOS gene expression was much
higher in L. donovani-infected U937 cells compared
to both non-treated-infected cells and cell control.
Figure 2, 3 and 4 show the absolute expression of
iNOS mRNA, figures 5, 6 and 7 show relative
expression of iNOS gene expression in which
significant increase in L. donovani infected
macrophages treated with artemisinin in different
concentration (1000, 750, 500, 250, 125) uM was
observed. iNOS gene expression was found to be
enhanced in infected cells treated with artemisinin at
concentrations of 1000, 750, 500, 250, and 125 after
24, 48, and 72 hours, respectively. In contrast levels
of mRNA was significantly lower in non-infected
U937 cells and the expression index showed in the
infected group without artemisinin exposure and
also non- infected U937 cell line were lower than
test groups.

Artemisinin has proven therapeutic potential
against malaria and have also demonstrated
effectiveness in experimental models of
leishmaniosis, schistosomosis and Clonorchis
infections [33]. The formation of free radicals and
cell death in the presence of iron sources is
proposed as a mechanism for ART in Leishmania,
demonstrating that the endoperoxides (EP) bond is
required as a potential pharmacophore [34]. ART
also affect in several ways, including as inhibiting
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certain parasite enzymes in a peroxide-independent
manner or causing mitochondrial damage [35]. The
macrophage is programmed to have an M1 pattern
[36]. It produces large quantities of reactive oxygen
species (ROS), nitric oxide (NO), and pro-
inflammatory cytokines including IL-12 and TNF as
a consequence of this activation, leading to enhanced
microbicidal capacity [37]. This activation is required
for the parasite Leishmania to be eradicated [38].
Santos-Pereira et al. [36] found NO generation was
higher in C3H/He cells in the absence of a stimulus,
and these cells also had a reduced infection rate and
parasite load, NO generation elevated and infection
rate reduced when C3H/He and BALB/c
macrophages were activated with LPS and IFN-y.
In vitro experiments with L. amazonensis-infected
macrophages have revealed that inhibiting inducible
nitric oxide synthase (iNOS) increases parasite load
inside the cells [39]. Pessenda and da Silva [40]
detected the spleen gene expression of iNOS and
arginase, enzymes involved in both nitric oxide
(NO)-mediated parasite killing and polyamine-
mediated parasite replication, respectively. Sen et
al. [41] reported that ART was cytotoxic to
uninfected macrophages and that it increased the
creation of macrophage nitric oxide, which is

necessary for the parasite’s elimination.
Furthermore, a related study showed that ART had
a very minor effect on uninfected macrophage [13].
In this study, Leishmania infection caused a
decrease in the production of NO that, following
addition of artemisinin, translated into a significant
increase, but importantly only to levels comparable
with uninfected macrophages. Furthermore,
infection translated into lowered mRNA expression
of iNOS that was restored by artemisinin [41]. This
research proved the activity of ART in the ex vivo
treatment of visceral leishmaniosis, and detection
the role of iNOS in infection may help to improve
new anti-Leishmania drugs.

References

[1] Molaie S., Ghaffarifar F., Hasan Z.M., Dalimi A.
2019. Enhancement effect of shark cartilage extract
on treatment of Leishmania infantum with artemisinin
and glucantime and evaluation of killing factors and
apoptosis in vitro condition. [ranian Journal of
Pharmaceutical Research 18(2): 887-902.
doi:10.22037/ijpr.2019.1100656

[2] Alvar J., Vélez 1.D., Bern C., Herrero M., Desjeux P.,
Cano J., Jannin J., Boer M., WHO Leishmaniasis
Control Team. 2012. Leishmaniasis worldwide and
global estimates of its incidence. PLoS One 7(5):
e35671. doi:10.1371/journal.pone.0035671

[3] Gurel M.S., Tekin B., Uzun S. 2020. Cutaneous
leishmaniasis: a great imitator. Clinics in Dermatology
38(2): 140-151.
doi:10.1016/j.clindermatol.2019.10.008

[4] Bayram D.M., Ali H.Z. 2021. Molecular typing of
two suspected cutaneous leishmaniasis isolates in
Baghdad. Baghdad Science Journal 18(1): article
number 0029.
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/
view/4470

[5] Haldar A.K., Sen P., Roy S. 2011. Use of antimony in
the treatment of leishmaniasis: current status and
future directions. Molecular Biology International
2011: article number 571242.
doi:10.4061/2011/571242

[6] Hassan GM., Ali H.Z. 2020. Ex vivo study of anti-
leishmanial activity of artemisinin against
Leishmania tropica amastigote. Research Journal of
Pharmacy and Technology 13(8): 3787-3791.
doi:10.5958/0974-360X.2020.00670.8

[7] Ponte-Sucre A., Gamarro F., Dujardin J.C., Barrett
M.P., Lopez-Vélez R., Garcia-Hernandez R.,
Papadopoulou B. 2017. Drug resistance and treatment
failure in leishmaniasis: a 21st century challenge.
PLoS Neglected Tropical Diseases 11(12): e0006052.
doi:10.1371/journal.pntd.0006052



Detection of artemisinin

337

[8] Pandey A.K., Singh P. 2017. The genus Artemisia: a
2012-2017 literature review on chemical composition,
antimicrobial, insecticidal and antioxidant activities of
essential oils. Medicines 4(3): article number 68.
doi:10.3390/medicines4030068

[9] KarimiPourSaryazdi A., Ghaffarifar F., Dalimi A.,
Dayer M.S. 2020. In vitro and in vivo comparative
effects of the spring and autumn-harvested Artemisia
aucheri Bioss extracts on Leishmania major. Journal
of Ethnopharmacology 257: article number 112910.
doi:10.1016/j.jep.2020.112910

[10] Mortazavi Dehkordi N., Ghaffarifar F., Mohammad
Hassan Z., Esavand Heydari F. 2013. In vitro and in
vivo studies of anti leishmanial effect of artemether
on Leishmania infantum. Jundishapur Journal of
Microbiology 6(5): €6379. doi:10.5812/jjm.6379

[11] Rossi M., Fasel N. 2018. How to master the host
immune system? Leishmania parasites have the
solutions!. International Immunology 30(3): 103—111.
doi:10.1093/intimm/dxx075

[12] Kumar S., Khanuja S.P.S., Kumar T.R.S., Jain D.C.,
Srivastava S., Bhattacharya A.K., Sharma R.P. 2000.
U.S. Patent No. 6,127,405. Washington, DC: U.S.
Patent and Trademark Office.

[13] Ghaffarifar F., Molaei S., Hassan Z.M., Dayer M.S.,
Dalimi A., Nasiri V., Hajjaran H. 2021. In vitro and in
vivo anti-parasitic activity of artemisinin combined
with glucantime and shark cartilage extract on Iranian
strain of Leishmania major (MRHO/IR/75/ER).
Jundishapur Journal of Microbiology 14(3):
e113313. doi:10.5812/jjm.113313

[14] Morrissey C., Gallis B., Solazzi J.W., Kim B.J.,
Gulati R., Vakar-Lopez F., Sasaki T. 2010. Effect of
artemisinin derivatives on apoptosis and cell cycle in
prostate cancer cells. Anti-cancer Drugs 21(4):
423-432. doi:10.1097/cad.0b013e328336157b

[15 ] Goundry A., Romano A., Lima A.P.C., Mottram
J.C., Myburgh E. 2018. Inhibitor of serine peptidase 2
enhances Leishmania major survival in the skin
through control of monocytes and monocyte-derived
cells. The FASEB Journal 32(3): 1315-1327.
doi:10.1096/F1j.201700797R

[16] Wei X.Q., Charles I.G.,, Smith A., Ure J., Feng G.J.,
Huang F.P., Liew F.Y. 1995. Altered immune
responses in mice lacking inducible nitric oxide
synthase. Nature 375(6530): 408—411.
doi:10.1038/375408a0

[17] Arevalo 1., Ward B., Matlashewski G. 2002. Detection
of iNOS gene expression in cutaneous leishmaniasis
biopsy tissue. Molecular —and  Biochemical
Parasitology 121(1): 145-147.

[18] Carneiro M.B., Vaz L.G., Afonso L.C.C., Horta M.F.,
Vieira L.Q. 2021. Regulation of macrophage subsets
and cytokine production in leishmaniasis. Cytokine
147: article number 155309.
doi:10.1016/j.cyt0.2020.155309

[19] Sharma U., Singh S. 2009. Immunobiology of

leishmaniasis. Indian Journal of Experimental
Biology 47(6): 412-423.

[20] Qadoumi M., Becker 1., Donhauser N., Rollinghoff
M., Bogdan C. 2002. Expression of inducible nitric
oxide synthase in skin lesions of patients with
american cutaneous leishmaniasis. Infection and
Immunity 70(8): 4638—4642.
doi:10.1128/1ai.70.8.4638-4642.2002

[21] Khademvatan S., Gharavi M.J., Yousef E., Saki J.
2011. INOS and IFN-y gene expression in
Leishmania major-infected J774 cells. Intemational
Journal of Pharmacology 7(8): 843—-849.

[22] Bodhale N., Ohms M., Ferreira C., Mesquita 1.,
Mukherjee A., André S., Silvestre R. 2021. Cytokines
and metabolic regulation: a framework of
bidirectional influences affecting Leishmania
infection. Cytokine 147: article number 155267.
doi:10.1016/j.cyt0.2020.155267

[23] Yaseen F.T., Ali H.Z. 2016. Using of species-
specific primers for molecular diagnosis of in vitro
promastigotes of Leishmania donovani. Iraqi Journal
of Science 57(2A): 824-829.

[24] Ali H.Z., Harding C.R., Denny P.W. 2012.
Endocytosis and sphingolipid scavenging in
Leishmania mexicana amastigotes. Biochemistry
Research International 2012: article number 691363.
doi:10.1155/2012/691363

[25] LiR.J., Gao C.Y., Guo C., Zhou M.M., Luo J., Kong
L.Y. 2017. The anti-inflammatory activities of two
major withanolides from Physalis minima via acting
on NF-xB, STAT3, and HO-1 in LPS-stimulated
RAW264. 7 cells. Inflammation 40(2): 401-413.
doi:10.1007/s10753-016-0485-1

[26] Pimpinelli S., Bonaccorsi S., Fanti L., Gatti M. 2000.
Preparation and analysis of mitotic chromosomes of D.
melanogaster. In: Drosophila: a laboratory manual.
(Eds. W. Sullivan, M. Ashburner, S. Hawley). Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
NY: 1-24.

[27] Zou H., Gan X.L., Linghu L.J., Chen C., Hu L.N.,
Zhang Y. 2013. Intense nanosecond pulsed electric
fields promote cancer cell apoptosis through
centrosome-dependent pathway involving reduced
level of PLK1. European Review for Medical and
Pharmacology Sciences 17(2): 152—160.

[28] Hassan GM., Ali H.Z. 2017. In vitro effects of the
artemisinin on L. tropica promastigotes. (IOSR-
JPBS) 12(6): 82—86. d0i:10.9790/3008-1206038286

[29] Bok K., Prikhodko V.G., Green K.Y., Sosnovtsev
S.V. 2009. Apoptosis in murine norovirus-infected
RAW264. 7 cells is associated with downregulation
of survivin. Journal of Virology 83(8): 3647-3656.
doi:10.1128/jvi.02028-08

[30] Amoa-Bosompem M., Ohashi M., Mosore M.T.,
Agyapong J., Tung N.H., Kwofie K.D., Ohta N. 2016.
In vitro anti-Leishmania activity of tetracyclic
iridoids from Morinda lucida, benth. Tropical



338

S.D. NEAMAH et al.

Medicine and Health 44(1): 1-5.
doi:10.1186/s41182-016-0026-5

[31] Colineau L., Clos J., Moon K.M., Foster L.J., Reiner
N.E. 2017. Leishmania donovani chaperonin 10
regulates parasite internalization and intracellular
survival in  human macrophages. Medical
Microbiology and Immunology 206(3): 235-257.
doi:10.1007/s00430-017-0500-7

[32] Al-HAlbosiy M.M., Ali H.Z., Hassan G.M.,
Ghaffarifar F. 2020. Artemisinin efficacy against old
world Leishmania donovani: in vitro and ex vivo
study. Annals of Parasitology 63(3): 295-302.
doi:10.17420/ap6603.267

[33] Keiser J., Vargas M. 2010. Effect of artemether,
artesunate, OZ78, praziquantel, and tribendimidine
alone or in combination chemotherapy on the
tegument of Clonorchis sinensis. Parasitology
International 59(3): 472—476.
doi:10.1016/j.parint.2010.04.003

[34] Cortes S., Albuquerque A., Cabral L.I., Lopes L.,
Campino L., Cristiano M.L. 2015. In vitro
susceptibility of Leishmania infantum to artemisinin
derivatives and selected trioxolanes. Antimicrobial
Agents and Chemotherapy 59(8): 5032-5035.
doi:10.1128/aac.00298-15

[35] De Sarkar S., Sarkar D., Sarkar A., Dighal A.,
Chakrabarti S., Staniek K., Chatterjee M. 2019. The
leishmanicidal activity of artemisinin is mediated by
cleavage of the endoperoxide bridge and
mitochondrial dysfunction. Parasitology 146(4):
511-520. doi:10.1017/s003118201800183x

[36] Santos-Pereira S., Cardoso F.O., Calabrese K.S.,
Zaverucha do Valle T. 2019. Leishmania amazonensis
resistance in murine macrophages: analysis of
possible mechanisms. PloS One 14(12): e0226837.
doi:10.1371/journal.pone.0226837

[37] Comalada M., Yeramian A., Modolell M., Lloberas
J., Celada A. 2012. Arginine and macrophage
activation. Methods in Molecular Biology 844:
223-235. doi:10.1007/978-1-61779-527-5 16

[38] Osta B., Benedetti G, Miossec P. 2014. Classical
and paradoxical effects of TNF-a on bone
homeostasis. Frontiers in Immunology 5: article
number 48. doi:10.3389/fimmu.2014.00048

[39] Cardoso F.D.O., Zaverucha-do-Valle T., Almeida-
Souza F., Abreu-Silva A.L., Calabrese K.D.S. 2020.
Modulation of cytokines and extracellular matrix
proteins expression by Leishmania amazonensis in
susceptible and resistant mice. Frontiers in
Microbiology 11: article number 1986.
doi:10.3389/fmicb.2020.01986

[40] Pessenda G., da Silva J. S. 2020. Arginase and its
mechanisms in Leishmania persistence. Parasite
Immunology 42(7): €12722. doi:10.1111/pim.12722

[41] Sen R., Ganguly S., Saha P., Chatterjee M. 2010.
Efficacy of artemisinin in experimental visceral
leishmaniasis. International Journal of Antimicrobial
Agents 36(1): 43-49.
doi:10.1016/j.ijantimicag.2010.03.008

[42] Ekman P., Saarinen M., He Q., Virtala M., Salmi M.,
Granfors K. 1999. Human monocytic U937 cells kill
Salmonella in vitro by NO-independent mechanisms.
Infection and Immunity 67(7): 3670-3673.
doi:10.1128/12i.67.7.3670-3673.1999

[43] Chomczynski P., Mackey K. 1995. Substitution of
chloroform by bromo-chloropropane in the single-step
method of RNA isolation. Analytical Biochemistry
225(1): 163—-164. doi:10.1006/abio.1995.1126

Received 24 January 2022
Accepted 19 April 2022



