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Abstract

Visceral leishmaniasis (VL), the second-most-serious parasitic illness after
malaria, is currently endemic in more than 88 countries. Need for new anti-
leishmanial compounds is currently being taken into consideration by researchers
due to resistance and lack of effective vaccinations. This research was conducted to
find out more about the effect of artemisinin (ART). ART was examined in vitro
promastigotes stages and ex vivo amastigotes stages of the Iraqi strain of Leishmania
donovani in U937 cell line after 24, 48 and 27 hours using MTT assay. In addition,
the level of macrophage nitric oxide (NO) was measured using Griess assay in U937
cell line. The results of promastigotes viability percentage were less than 50 %,
where the 1Cso was 43.8, 37.9 and 36.6 uM respectively. Similar cytotoxic effect of
ART was observed against amastigote forms, where the cell viability was 36.11,
40.2 and 37.4 UM respectively, after the three times of follow up. Furthermore, by
using Griess assay the level of nitrite in infected macrophages was measured. The
results after 48hr were 6.58 in high concentration and 1.22 in lower concentration.
However, considering the absence of a significant difference, the observed
concentrations are still higher than the control when compared to Griess assay.
These findings demonstrated that ART has a cytotoxic effect on both forms of L.
donovani. It also increased iNOS production in infected macrophages which can
define artemisinin therapeutic efficacy against L. donovani infection.

Keywords: Visceral leishmaniasis, Artemisinin, MTT, Nitric oxide.

Loiladalily daadallU93 748enl) acdall (golal) Jaddl) A INOS z L) Ao Cpivanasi V) dllad
alaaY)

zu.uu.dﬂ\ AjAA.AJ.AMcI ahﬁdepc*ludi\éw
Ghall edlany ¢ dais dnals ¢ aglall ZAS ¢ slal) agle aud!
Lahall s el Aaals ¢ Augall Agml Glad 502

Al
Gls Ghsicegilinc LSl s gshd Glalll abed) S 6 g gpdall Lalaidll ly
Lleddll ayad 82biae suss @l ) dalall Slae¥) ki 8 ogialdl 38T Lales 88 (pejsls

Ovaad V) sale il asd 8 cAuball sl 8 LAlldl) Clewlall (ably Aeslidl o

*Email: sneamah@ouc.edu.ig

525


mailto:sneamah@ouc.edu.iq

Neamah et al. Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 525-535

Dl o ol peal) s odal) i) Tagad) arse jshag Jagall alel sk e (Artemisinin)
Ailal MTT lasl ddaclsy delu 27 48 5 24 20U937 solalladllaladiny 48halldiliayliledll
Lall & Griess jlaal daulss (NO)  dseeld) AN il 2yl (ggine b 5 ¢ @y )
N culS G ¢ 750 e B Lagad) alal jolal (gpunl) olall dgial) ducll il culS L U937 (golall
OieanadyUBLes WAL ol 536 3gng gl i) e Jlsas Sile (36.6 ¢ 37.9 ¢ 43.8) ICs,
ED aay lseg ik (37.4 ¢40.2 36.11) L sl clad) IS Gum ¢ jiieal) Jagedl e sk aa
Llad) Duaeld WAN 5 copill (e bl @ ¢ @l e sdle L gl e dalidl e clil
A Liledalll ik laladio il L) cpiesati Vlasle o Ciaag il o3a .Griess laal ddauy:

- Omyshall

Introduction

Leishmaniasis is a neglected parasite disease spread by vectors and is caused by
approximately 20 species of the genus Leishmania. Thus, causing an even wider range of
diseases with various symptoms [1][2]. Despite many projects of disease control,
Leishmaniasis is still a serious public health problem, especially in undeveloped countries [3].
According to WHO no inclusive vaccine has yet been approved for human use, despite the
fact that numerous new vaccines have shown effectiveness in animal models [4]. Visceral
type causes the most severe cases which can be fatal if not cured. The medications used to
treat leishmaniasis have significant side effects, such as toxic consequences and the
development of resistant forms [5]. Many researchers are trying to investigate naturally
occurring substances against Leishmania parasites that have fewer adverse effects on people
and are more accessible to the general public. Artemisinin (ART) is generated from Artemisia
annua L. and is the best anti-malaria medication currently available [6]. ART, both in in vitro
and in vivo studies, has demonstrated that it possesses anti-leishmanial properties [7].
Producing activated oxygen radicals and nitric Oxide (NO) are the two main methods for
eradicating intracellular parasites [8]. NO generation by iINOS can be regulated at the
transcriptional level. Most cells have extremely low levels of iINOS protein, the cause is
unclear. However, activating these cells with cytokines or growth factors causes increased
INOS gene transcriptions and consequent synthesis of high quantities of NO [9]. ART has
been demonstrated to serve a dual role in the control of leishmaniasis in recent studies. It
enhances NO and iNOS production in uninfected macrophages and effectively regulates the
immune system by elevating Thl cytokine expression [10] [7]. The goal of this investigation
was to see if ART had any cytotoxic effects on promastigotes and amastigotes. In addition the
role of ART in macrophages NO production under ex vivo condition was also investigated.

Materials and Methods
Parasite and Macrophages Cell Line U937 Used in This Study

Iragi isolate (MHOM/1Q/2005/MRU15) of L. donovani was kindly provided by the
laboratory of Parasitology, Graduate Studies, Department of Biology, College of Science,
University of Baghdad. It was previously diagnosed by PCR [11]. Macrophage U937 cell line
was purchased from Rawafid-Aleloom laboratories, Hillah, Iraqg.

Promastigote Culture:

Axenic procyclic promastigotes were cultivated in RPMI1640 cell culture media. This
medium was supplemented with 10% HIFCS, 100 IU/ml pen-strep [12]. The parasites were
concentrated to 1x10° parasites/ml and put into 5 ml universal tubes to be stored at 26°C.
Later on promastigote forms were counted using a Neubauer chamber enhanced bright-line
hemocytometer from Germany.
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Amastigotes Differentiation from Promastigotes, in vitro

Amastigotes differentiation was performed by transferring 1x10° promastigotes/ml to
RPMI1640 medium supplemented with 20% HIFBS, pH 5.5, and incubating at 35°C for two
days to create infectious metacyclic promastigotes. This was used to promote the formation of
axenic amastigotes [13].

Macrophage Host U937 Cell Line Culture
The cell line U937 was grown in RPMI11640 medium with 10% HIFBS and 1% pen-strep
at 37°C in an incubator that had been humidified with CO2 levels of 5%.

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

Cytotoxicity Assay (Colorimetric MTT Assay)

MTT assay was used to screen L. donovani promastigotes and amastigotes for ART, as
described by [14], with some modification to the doses of artemisinin. Three of 96well
microtiter plates with L. donovani procyclic promastigotes cell suspension and three axenic
differentiated amastigotes suspended in M199 medium, were utilized. Artemisinin
concentrations were used to incubate the test groups: 1000, 500, 250, 125, 62.5, 31.25 and
15.6 uM. Instead of artemisinin, a triplicate of parasite culture without artemisinin was also
placed on each plate as a control with DMSO. Plates were incubated for three different time
periods: 24, 48 and 72 hours. Each well received 10 pl of MTT solution to the
manufacturer’s (iNtRON®). | The plates were then incubated for another four hours. Later on
20 pL of DMSO was added to each well. The ELISA reader was used to read the results.

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 being cultured on a 6 well-plate (Falcon/USA). Phosphate buffered
saline (PBS) was
used to wash the cells twice. The cells were then re-suspended at a final concentration of 1 x
10° cell/ml in RPMI media supplemented with 10% HIFBS, 1% pen-strep in a humidified
incubator at 37°C. L. donovani amastigotes were 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 times for follow-up: 24, 48 and 72
hours [15]. Plates were fixed and stained with DAPI stain after the specified incubation time.
A separate plate was prepared as control where no ART was added.

Griess Reagent System Assay for Nitric oxide (NO) Measurement [16]

U937 macrophages 1 x10°cell/ml of complete RPMI 1640 seeded in 6-well plates were
infected for 5 hours at 37°C in 5% CO, with L. donovani promastigotes at a
macrophage/parasite ratio of 1:10. Infected cells were incubated with Artemisinin 1000, 750,
500, 250 and 125 uM at 37°C. Supernatants were collected at 24, 48 and 72 hrs. NO was
measured using Griess reagents (Promega, USA) and NaNo, (0-100 uM) was used to create a
standard curve.

Statistical Analysis

SPSS software 2010 was used for t test analysis of cytotoxicity and Griess assay
screening, and 1Cs calculation, where p value < 0.5 was considered significant.
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Result and Discussion
Cytotoxicity of Artemisinin against L. donovani in vitro

The drug cytotoxicity was tested against the L. donovani Iragi strain on axenic culture of
procyclic promastigotes and amastigotes, as well as the U937 cell line, in order to determine
its cytotoxicity before ex-vivo infection and its effects on the viability of the Leishmania
parasite which was used to examine cytotoxicity and cell viability. For all artemisinin
concentrations, the results were plotted and compared to the control group. Cytotoxicity was
measured using data of microtiter-plate reader absorbance and computed as meanz* standard
deviation SD [17]. The cytotoxicity result showed artemisinin ability to inhibit parasite
development and proliferation, as well as a difference in colorimetric absorption. After 24, 48
and 72 hours follow-up was performed for promastigotes at all concentrations: 1000, 500,
250, 125.5, 62.5, 31.25 and 15.6 pM), and was found out that there was a statistically
significant (p > 0.05) difference in microtiter plate reader absorption between test and control.
The toxicity result for the highest concentration of 1000 pM for three times was 0.095, 0.063
and 0.123 respectively, and the toxicity result for the lowest concentrations of 15.6uM was
0.264, 0.137 and 2.347 for three times respectively, (Figure 1).
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Figure 1: Artemisinin cytotoxicity against L. donovani promastigotes after 24, 48 and 72
hours of incubation.

The percentages of parasite viability were shown against logarithm artemisinin
concentrations to calculate cell viability. All Artemisinin log concentrations were compared
between test and control as means + standard deviation (SD) (Quinn and Keough, 2002). At
the greatest concentration of 1000 pM, the mean of promastigote cell viability was observed
to be 41.0, 40.7 and 4.48% after 24, 48 and 72 hours, respectively (SD+ 1.95). Furthermore, at
the lowest concentrations of 15.6 uM, the mean of cell viability was determined 121.3, 92.4
and 86% after 24, 48 and 72 hours, respectively (SD+ 4.3), and the 1Cso of ART was 43.8,
37.9 and 36.6 uM for three times respectively (Figure 2).
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Figure 2: Cell viability of L. donovani promastigotes treated with Artemisinin, after 24, 48
and 72 hours of incubation.

Following three periods of follow-up, 24, 48 and 72 hours, axenic amastigotes of L.
donovani were screened with artemisinin. In  RPMI medium, promastigotes were
differentiated into amastigotes and incubated at 35°C. The findings revealed that ART has an
anti-leishmanial proliferative impact of the amastigote during all incubation periods, with
colorimetric absorption differences between the test and control groups. The toxicity result for
the highest concentration of 1000 uM for three times was 0.167, 0.118 and 0.155 respectively,
and for the lowest concentration of 15.6 pM, the toxicity result was 1.522, 1.269 and 2.099
for three different timings respectively. The mean of cell viability of amastigote at a
concentration of 1000 uM was detected 8.53, 10.60 and 9.30 respectively (SD + 0.49) and cell
viability average of amastigote 15.6 UM was the lowest concentration that could be measured
as 83. 84, 103.81 and 90.01 respectively (SD + 9.5) after 24, 48 and 72 hours of the follow-
up. The ICsy of ART was 36.11, 40.2 and 37.4 uM for three different timings respectively.
There were statistically significant (p> 0.05) differences in microtiter plate reader data
absorption between test and control for amastigotes (Figures 3, 4) at examined concentrations
of 1000, 500, 250, 125.5, 62.5, 31.25 and 15.6 uM.
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Figure 3: Artemisinin cytotoxicity against L. donovani amastigotes, after 24, 48 and 72 hours
of incubation.
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Figure 4: Cell viability of L. donovani amastigotes a treatment with Artemisinin after 24, 48
and 72 hours of incubation.

MTT assays demonstrated that drug concentration had an impact on the percentage of
parasites that survived after 72 hours with higher concentrations resulting in lower survival
rates (p < 0.05).

Leishmaniasis is one of the most significant illnesses in the world, and the World Health
Organization (WHO) requires it to be eradicated. The disease is controlled by removing
vectors and reservoirs, as well as supporting health treatment. In the absence of effective
immunizations, researching novel anti-leishmanial drugs that were efficacious, safe and
inexpensive is also a must [18].

Plant compounds have long been proven to be beneficial and have a wide range of
antibacterial action against a range of infections. ART is one of these plant component
chemicals. Combination therapy, which employs currently accessible medications, strives to
reduce treatment costs, toxicity and durations [19]. Researchers recently revealed that
Artemisia chemicals such as artemisinin and its derivatives have antiparasitic, antioxidant,
antibacterial, anti-inflammatory and anticancer properties [20]. ART and its derivatives have
been established to be effective in inhibiting Leishmania species in a variety of in vitro and in
vivo studies. The medications were found to be effective against a variety of protozoa,
including Trypanosoma spp., Acanthamoeba spp., Babesia spp. and schistosomiasis [21].
Artemisinin (Chinese-ginghaosu), a sesquiterpene lactone, and its derivatives are anti-malaria
drugs that have shown efficacy in a variety of experimental leishmaniasis models [12].
Miltefosine and paromomycin are two medications that have recently been approved for the
treatment of leishmaniasis [22]. In vitro tests were performed on extracts (methanol and
dichloromethane extracts) from the leaves and aerial portions of four Artemisia species
(Artemisia absinthium, A. abyssinica, A. afra, and A. annua) grown in Ethiopia. The
dichloromethane extract from A. abyssinica was the most active (ICsy = 19.13 pg/mL), but
ART from A. annua also has anti-trypanosomal and cytotoxic properties (ICsp = 35.91
pg/mL), which could be attributable to lipophilic sesquiterpene lactones in the extract [23].
Long-term treatment with miltefosine, which possesses a lengthy half-life (approximately 152
hours), can increase the development of resistance to drugs, and its potential teratogenic and
abortifacient effects limit its use during pregnancy [24][17], assessed the potential use of ART
as an antileishmanial medication in 2019, finding that ART alone inhibits the growth of
Leishmania infantum promastigotes. Previous research found that the survival of L. major
promastigotes declined progressively when the concentration of Artemisinin was increased,
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with an ICsy of 750 uM for extracellular amastigotes and less than 30 UM for intracellular
amastigotes [25].

Leishmania donovani, Leishmania infantum, Leishmania tropica, Leishmania
braziliensis, Leishmania mexicana, and Leishmania amazonensis were used to study the anti-
promastigote activity of ART on old and new world leishmaniasis, including Leishmania
donovani, Leishmania infantum, Leishmania tropica, Leishmania braziliensis, Leishmania
mexicana, and Leishmania amazonensis, respectively. In all of the above-mentioned species,
artemisinin caused a comparable group of leishmanicidal efficacy, with ICsy values of 115,
120, 100, 100, 120 and 120 M respectively. ART has a broad spectrum of leishmanicidal
activity, as evidenced by the comparability of ICsy values [26]. Treatment of Leishmania
tropica, Leishmania major,Leishmaniainfantum, Leishmania mexicana, Leishmania
braziliensis and Leishmania amazonensis showed similar results [26] [24].

Furthermore, [27]demonstrated that ART and its equivalents are efficient against
Leishmania donovani promastigotes in 2003. As a result, they indicated that ART analogues
could be evaluated as suitable leishmaniasis drug candidates[28]. Another research by [29] in
2007 reported that Artemisinin had anti-leishmania activity on both promastigotes and
amastigotes of Leishmania donovani, with 1Csp values of 160 and 22 PIM, respectively. In
2003 [30] also showed that Artemisinin has a high safety index (>22fold) against macrophage
cells. The same author and coworkers reported antileishmanial activity of Artemisinin against
Leishmania donovani and Leishmania infantum in 2010.

Nitric oxide production in culture media

Griess assay was used to assess levels of NO, a stabilized oxidized NO product that
accumulated in the medium of culture and thus served as an indication of NO production. The
results demonstrated that U937 cells were L. donovani infection with ART treatment in
different concentrations, 1000,750, 500, 250 and 125 uM. produced the highest amount of NO
when compared with control (infected U937 cells without ART) groups. In most of the
concentrations, significant differences appeared after 48 and 72 hours. There is no significant
difference between the 24 hour concentration and the remainder of the concentrations.
However, considering the absence of a significant difference, the observed concentrations are
still higher than the control when compared. The most stimulatory effect was observed in
infected cells that were exposed to different concentrations of ART as in Figures 5, 6 and 7.
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Figure 5: Nitric Oxide productions from U937 cells infection by L. donovani and treated with
ART in culture media after 24 hours.
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Figure 6: Nitric Oxide productions from U937 cells infection by L. donovani and treated
with ART in culture media after 48 hours.
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Figure 7: Nitric Oxide productions from U937 cells infection by L. donovani and treated
with ART in culture media after 72 hours.

The process of producing (NO), mediated by nitric oxide synthases (NOS), is one of the
important Leishmania eradication mechanisms. Inducible nitric oxide synthase (iNOS or
NOS2) produces a lot of nitric oxide which helps in antimicrobial defense [31][32]. Several
investigations have shown that iINOS may plays a role in leishmaniasis. However these
findings are based primarily on in vitro cultures and animal experimentation [33]. [34]
reported that Leishmania infection resulted in a decline in NO generation, which was
followed by a large rise with the addition of ART. Only to the levels comparable to uninfected
macrophages, infection resulted in a decrease in iINOS mMRNA expression, which was
recovered by ART and observed 50% reduction in parasite load, is mostly due to a direct
parasiticidal impact rather than a NO-dependent mechanism, according to the results. And
[35] show 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 increased and
infection rate reduced when C3H/He and BALB/c macrophages were activated with LPS and
IFN-Y.IL-4 and IL-10, both cytokines known for their macrophage deactivation
characteristics, inhibited this leishmanicidal activity. These cytokines inhibited parasite killing
by decreasing NO productions which was reversed by adding exogenous NO, indicating that
they plays a roles in the control of L. major [36][37]. Since mice missing iNOS are unable to
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regulate infection, NO is essential for parasite elimination [36]. Furthermore, LPG and other
membrane compounds in Leishmania, such as glycoinositolphospholipids, have been shown
to block macrophages iNOS and, as a result, NO generation [38]. A previous study by [39]
discovered that tissues with high levels of iINOS are resistant to infection by L. major. This is
also true in vivo as evidenced by the presence of iINOS expression in patient skin biopsies
[40]. In fact [41]has shown that the creation of local and systemic NO early in the course of L.
mexicana infection resolution is essential. Related study by [42] found adaptable technique
for using host signaling during L. amazonensis infection, which has been linked to iINOS
modulation. L. amazonensis-infected macrophages have been shown to lower LPS-induced
MRNA INOS levels, protein production and NO production. According to the present
findings, ART has demonstrated its antileishmanial activity and enhanced NO in macrophage
in ex-vivo condition.

References:

[1] D.J. Mock, J. A. Hollenbaugh, W. Daddacha, M. G. Overstreet, C. A. Lazarski, D. J. Fowell and
B. Kim, "Leishmania induces survival, proliferation and elevated cellular ANTP levels in human
monocytes promoting acceleration of HIV co-infection,” PLoS pathogens, vol. 8, no. 4, pp.
€1002635, 2012.

[2] M. S. Gurel, B. Tekin and S. Uzun, "Cutaneous leishmaniasis: A great imitator, "Clinics in
dermatology, vol. 38(2), pp. 140-151, 2020.

[3] S. Khademvatan, A. Eskandari, J. Saki and M. Foroutan-Rad, "Cytotoxic activity of Holothuria
leucospilota extract against Leishmania infantum in vitro,"Advances in Pharmacological
Sciences, vol. 2016, pp. 6, 2016.

[4] F. Ghaffarifar, "Plasmid DNA vaccines: where are we now," Drugs Today, vol. 54 (5), pp. 315-
333, 2018.

[5] J. M. Ribeiro, C. C. Bandeira, B. G. de Faria, M. L. Alves, F. O. Vieira, R. C. Giunchett, J., E.
Uzonna, A. Teixeira-Carvalho, V. Peruhype-Magalhdes and E. M. de Souza-Fagundes, "An ex
vivo multiparametric flow cytometry assay using human whole blood to simultaneously measure
cytotoxicity and leishmanicidal activities," Experimental Parasitology, vol. 216, pp. 107940,
2020.

[6] R. Sen and M. Chatterjee, "Plant derived therapeutics for the treatment of Leishmaniasis,”
Phytomedicine, vol. 18 (12), pp. 1056-1069, 2011.

[7] F. Ghaffarifar, S. Molae, Z. M. Hassan, M. S. Dayer, A. Dalimi, V. Nasiri, M. Foroutan and H.
Hajjaran, “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 J. Microbiol, vol. 14, pp. €113313, 2021.

[8] Y. C. Sharma and B. Singh, "Development of biodiesel: current scenario,"” Renewable and
sustainable energy reviews, Vol. 13(6-7), pp. 1646-1651, 2009.

[9] S. Khademvatan, M. . J. Gharavi, E. Yousefi and J. Saki, "INOS and IFN gamma Gene
Expression in Leishmania major-Infected J774 Cells Treated With Miltefosine,” Int. J.
Pharmacol., vol. 7(8), pp. 843-849, 2011.

[10]J. Keiser and M. Vargas, "Effect of artemether, artesunate, OZ78, praziquantel, and
tribendimidine alone or in combination chemotherapy on the tegument of Clonorchis sinensis,"
Parasitol. Int., vol. 59 (3), pp. 472-476, 2010.

[11] F. T. Yaseen and H. Z. Ali, "Using of Species-Specific Primers for Molecular Diagnosis of in
vitro Promastigotes of Leishmania donovani,” 1JS, vol. 57(2A), pp. 824-829, 2016.

[12] G. M. Hassan and H. Z. Ali, "Ex vivo study of Anti-leishmanial activity of Artemisinin against
Leishmania tropica amastigote,”" RJPT, vol. 13(8), pp. 3787-3791, 2020.

[13]H. Z. Ali, C. R. Harding and P. W. Denny, "Endocytosis and sphingolipid scavenging in
Leishmania mexicana amastigotes," Biochem. Res. Int., vol. 2012, 2012.

[14] F. E. Heydari, F. Ghaffarifar, S. Soflaei and A. Dalimi, "Comparison between in vitro effects of
aqueous extract of Artemisia seiberi and artemisinin on Leishmania major," Jundishapur J. Nat.
Pharm., vol. 8(2), pp. 70, 2013.

533



Neamah et al. Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 525-535

[15] R.-J. Li, C.-Y. Gao, C. Guo, M.-M. Zhou, J. Luo and L.-Y. Kong, "The anti-inflammatory
activities of two major withanolides from Physalis minima via acting on NF-kB, STAT3, and
HO-1 in LPS-stimulated RAW264. 7 cells," J. Inflamm., vol. 40(2), pp. 401-413, 2017.

[16] D. S. Bredt and S. H. Snyder, " Nitric oxide: a physiologic messenger molecule,” Ann. Rev.
Biochem., vol. 63(1), pp. 175-195, 1994,

[17] A. Abe, S. Kosugi, K. Yoshida, S. Natsume, H. Takagi, H. Kanzaki, H. Matsumura, K. Yoshida,
C. Mitsuoka, M. Tamiru, H. Innan, L. Cano, S. Kamoun and R. Terauchi, "Genome sequencing
reveals agronomically important loci in rice using MutMap," Nat. Biotechnol., 30 (2), pp. 174-
178, 2012.

[18] S. Molaie, F. Ghaffarifar, Z. M. Hasan and A. Dalimi, "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," IJRP, vol. 18(2), pp. 887, 2019.

[19] F. Frézard, C. Demicheli and R. R. Ribeiro, "Pentavalent antimonials: new perspectives for old
drugs,” Molecules, vol. 14(7), pp. 2317-2336, 20009.

[20] F. GHAFFARIFAR, F. E. HEYDARI, A. DALIMI, Z. M. HASSAN, M. DELAVARI and H.
MIKAEILOO, "Evaluation of apoptotic and antileishmanial activities of Artemisinin on
promastigotes and BALB/C mice infected with Leishmania major,” I1JP, vol. 10 (2), pp. 258,
2015.

[21] L. S. Ling and C. Peter, "Appraisal resources in L1 and L2 argumentative essays: A contrastive
learner corpus-informed study of evaluative stance," JCaDS§, vol. 1(1), pp. 8-35, 2018.

[22] M. den Boer and R. N. Davidson, "Treatment options for visceral leishmaniasis,” Expert Rev.
Anti. Infect. Ther., vol. 4(2), pp. 187-197, 2006.

[23] C. S. N. Loo, N. S. K. Lam, D. Yu, X.-z. Su and F. Lu, "Artemisinin and its derivatives in treating
protozoan infections beyond malaria," Pharmacol. Res., vol. 117, pp. 192-217, 2017.

[24] F. Rodrigues, F. B. Pimentel and M. P. Oliveira, "Olive by-products: Challenge application in
cosmetic industry," Ind. Crops. Prod., vol. 70, pp. 116-124, 2015.

[25] D. M. Yang and F. Y. Liew, "Effects of ginghaosu (artemisinin) and its derivatives on
experimental cutaneous leishmaniasis,” Parasitol., vol. 106 (1), pp. 7-11, 1993.

[26] P. Ebrahimisadr, F. Ghaffarifar and Z. M. Hassan, "In-vitro evaluation of antileishmanial activity
and toxicity of artemether with focus on its apoptotic effect,” Iranian journal of pharmaceutical
research: IJPR, vol. 12 (4), pp. 903, 2013.

[27] N. J. Avery, R. M. King, S. Knight and J. O. Hourihane, "Assessment of quality of life in children
with peanut allergy," Pediatr. Allergy Immunol., vol. 14 (5), pp. 378-382, 2003.

[28] M. Islamuddin, G. Chouhan, M. Y. Want, M. Tyagi, M. Z. Abdin, D. Sahal and F. Afrin,
"Leishmanicidal activities of Artemisia annua leaf essential oil against Visceral Leishmaniasis,"
Front. Microbiol., vol. 5, pp. 626, 2014.

[29] R. Sen, S. Bandyopadhyay and A. Dutta, "Artemisinin triggers induction of cell-cycle arrest and
apoptosis in Leishmania donovani promastigotes,” J. Med. Microbiol., vol. 56 (9), pp. 1213-1218,
2007.

[30] D. T. Avery, S. L. Kalled, J. I. Ellyard, C. Ambrose, A. Bixler, M. Thien, R. Brink, Mackay, P.
D. Hodgkin and S. G. Tangye, "BAFF selectively enhances the survival of plasmablasts
generated from human memory B cells,” J. Clin. Investig., vol. 112 (2), pp. 286-297, 2003.

[31] R. W. Caldwel, P. C. Rodriguez, H. A. Toque, S. P. Narayanan and R. B. Caldwell, "Arginase: a
multifaceted enzyme important in health and disease," Physiol. Rev., vol. 98(2), pp. 641-665,
2018.

[32] G. Pessenda and J. S. da Silv, "Arginase and its mechanisms in Leishmania persistence,” Parasite
immunol., vol. 42(7), pp. e12722, 2020.

[33] G. Serarslan and E. Atik, "Expression of inducible nitric oxide synthase in human cutaneous
leishmaniasis,” Mol. Cell. Biochem., vol. 280 (1), pp. 147-149, 2005.

[34] R. Sen, S. Ganguly, P. Saha and M. Chatterjee, "Efficacy of artemisinin in experimental visceral
leishmaniasis,” Int. J. Antimicrob. Agents, vol. 36(1), pp. 43-49, 2010.

[35] S. Santos-Pereira, F. O. Cardoso, K. S. Calabrese and T. Z. do Valle, "Leishmania amazonensis
resistance in murine macrophages: Analysis of possible mechanisms,” PLoS One, vol. 14 (12),
pp. 0226837, 2019.

534



Neamah et al. Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 525-535

[36] I. Vouldoukis, P. A. Bécherel, V. Riveros-Moreno, M. Arock, O. da Silva, P. Debré, D. Mazier
and M. D. Mossalayi, "Interleukin-10 and interleukin-4 inhibit intracellular killing of Leishmania
infantum and Leishmania major by human macrophages by decreasing nitric oxide generation,"
Eur. J. Immunol., vol. 27(4), pp. 860-5, 1997.

[37]E. N. Loria-Cervera and F. Andrade-Narvaez, "The role of monocytes/macrophages in
Leishmania infection: a glance at the human response,” Acta Tropica, vol. 207, pp. 105456, 2020.

[38] L. PROUDFOOT, N. V. NIKOLAEV, G.-J. FENG, X.-Q. WEI, M. A. J. FERGUSON, J. S.
BRIMACOMBE and F. Y. LIEW, "Regulation of the expression of nitric oxide synthase and
leishmanicidal activity by glycoconjugates of Leishmania lipophosphoglycan in murine
macrophages,"” Proceedings of the National Academy of Sciences, vol. 93(20), pp. 10984-10989,
1996.

[39] S. Stenge, . H. Th~rin, M. Rollinghoff and C. Bogdan, "Tissue expression of inducible nitric
oxide synthase is closely associated with resistance to Leishmania major," JEM, vol. 180(3), pp.
783-793, 1994.

[40] I. Arevalo, B. Ward and G. Matlashewski, "Detection of iNOS gene expression in cutaneous
leishmaniasis biopsy tissue," Mol. Biochem. Parasitol., vol. 121(1), pp. 145-147, 2002.

[41] N. L. Di'az, M. Ferna' ndez, E. Figueira, R. Rami'rez, I. B. Monsalve and F. J. Tapia, "Nitric
oxide and cellular immunity in experimental cutaneous leishmaniasis,” Exp. Dermatol., vol.
28(3), pp. 288-293, 2003.

[42] T. C. Calegari-Silva, R. M. S. Pereira, L. D. B. De-Melo, E. M. Saraiva, D. C. Soares, M. Bellio
and U. G. Lopes, " NF-kB-mediated repression of iNOS expression in Leishmania amazonensis
macrophage infection," Immunol. Lett., vol. 127(1), pp. 19-26, 2009.

[43] E. N. Loria-Cervera and F. Andrade-Narvaez, "The role of monocytes/macrophages in
Leishmania infection: a glance at the human response,” Acta Tropica, vol. 207, p. 105456, 2020.

535



