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Abstract

Objective

Leishmaniasis is one of the most prevalent parasitic unicellular diseases worldwide, which is
caused by the Leishmania genus. Currently, pentavalent antimony compounds such as
Glucantime and amphotericin B are used to treat cutaneous leishmaniasis. In many cases, herbal
remedies have no adverse effects and are both affordable. Therefore, finding an herbal medicine

to treat leishmaniasis is one of the global objectives. This study aimed to evaluate the anti-

leishmanial activity of Nepeta ispahanica L. leaves alcoholic extract on promastigote stage of

Leishmania major by in vitro colorimetric method.

Materials and methods

Different concentrations of Nepeta ispahanica L. leaf extract were used against L. major
promastigotes compared to amphotericin B. L. major promastigotes were cultured in RPMI-1640
medium supplemented with 10 Percent FBS. Optical absorption (OD) was measured by the
ELISA method to determine the 50 Percent inhibitory concentration (IC50) of drugs.
Promastigotes were added to the 96-well plate and incubated for 72 h with different
concentrations of bay laurel leaf extract and amphotericin B (800, 600, 400, 200, 50, 25, and 10
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pug mL™). Flow cytometry was used to evaluate apoptosis. All concentrations were incubated in

the MTT assay for 3 min and the flow cytometric assay for 2 h. Statistical data were analyzed by

Duncan, ANOVA, and SAS software at P<0.05.

Results

In N. ispahanica L. leaf extract treatments, the greatest amount of apoptosis (42.47 Percent) was
related to treatment of 800 ug mL"! concentration. Maximum amount of apoptosis (97.35 Percent)
in amphotericin B treatments as positive control was related to treatment 800 pg mL!
concentration. CCso of Amphotericin B and leaf extract of bay laurel treatments was obtained in
129.6 and 162 pg mL!' concentrations, respectively. Inhibitory concentration (IC50) of
amphotericin B and N. ispahanica L. leaf extract treatments were 18.5 and 2989.5 pg mL" on L.

major promastigotes.

Conclusions

The results showed an increase in dose-dependent apoptosis based on flow cytometric analysis.

Also, the proximity of N. ispahanica L. leaf extract and amphotericin B treatments in apoptosis-

like cell death, which increases with increasing drug concentration. According to the IC50 results

of N. ispahanica L. leaf extract and its high apoptotic efficiency, further studies are needed to

evaluate of N. ispahanica L. leaf extract on Leishmania parasite and also, to design a clinical

setting for this herbal drug.
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Introduction

Leishmaniasis is one of the common diseases between humans and animals which is occurred
by one of the prevalent parasitic unicellular organisms by genesis of Leishmania. Leishmaniasis
is one of the world‘s health problems, especially in tropical and subtropical countries. Given that
herbal medicines in many cases do not have any side effects and are also available and
inexpensive, this emphasizes the necessity of using indigenous plants of each region to treat
common diseases in that region. Some natural products, such as the extract of black pepper plant
(Sarcorhachis naranjoana (Piperaceae) are considered a rich source of anti-leishmanial
compounds. The results of a study showed the anti-leishmanial effect of lavender, which
significantly reduced the rate of promastigote proliferation after adding the plant's essential oil

compared to the control group (P <0.05). In another study, the effect of aqueous extracts of

Artemisia and Thirst on the growth of Leishmania major showed that L. major promastigotes in
RPM1-1640 cultured medium were destroyed on the first day under the influence of 20% and
25% Artemisia extract concentrations. While Thirst caused the death of the parasite at a
concentration of 25% extract and on the third day. By investigating the anti-leishmanial activity
of olive tree extracts, it was shown that hydroxytyrosol has the highest anti-leishmanial effect
against stationary and logarithmic growth stage promastigotes of L. major among all-natural
compounds tested, 50.1 + 4.8 and 105 £+ 13 pg mg™" respectively. This study was conducted to
investigate the anti-leishmanial effects of the alcoholic extract of Nepeta ispahanica on L. major
promastigotes. It was carried out by using a colorimetric method. The objectives of this research
include the following statements: Does the extract of the medicinal plant N. ispahanica have anti-
leishmanial properties? If this property exists in the extract, how does it affect compared to
chemical drugs commonly used in medicine against L. major, such as amphotericin B, and what

is the percentage of its inhibition and lethality on Leishmania promastigotes?

Materials and methods

Leaves of the N. ispahanica plant were collected from the native population in Sirch village
of Kerman province of Iran. After washing, the leaf samples were dried in the shade at room
temperature and then ground. The resulting powder was extracted using 96% ethanol solvent. It
was carried out by the Fine Tech Soxhlet apparatus (made in Korea). The extracts were
concentrated using an Eyel 4 rotary apparatus (made in Japan) for one hour, dried slowly under a
laminar hood, and then stored at refrigerator temperature. Different concentrations of N.
ispahanica L. leaf extract were used against L. major promastigotes compared to amphotericin B.
L. major promastigotes were cultured in RPMI-1640 medium supplemented with 10 Percent FBS.
Optical absorption (OD) was measured by the ELISA method to determine the 50 Percent
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inhibitory concentration (IC50) of drugs. Promastigotes were added to the 96-well plate and
incubated for 72 h with different concentrations of bay laurel leaf extract and amphotericin B
(800, 600, 400, 200, 50, 25, and 10 ug mL"). Flow cytometry was used to evaluate apoptosis. All

concentrations were incubated in the MTT assay for 3 min and the flow cytometric assay for 2 h.

Statistical data were analyzed by Duncan, ANOVA, and SAS software at P<0.05.

Results

The results of this study showed that due to the proximity of the drug and the parasite,
promastigotes undergo programmed cell death or apoptosis, and the percentage of programmed
cell death increases with drug concentrations (N. ispahanica L. leaf extract and amphotericin B).
In N. ispahanica L. leaf extract treatments, the greatest amount of apoptosis (42.47 Percent) was
related to treatment of 800 ug mL"! concentration. Maximum amount of apoptosis (97.35 Percent)
in amphotericin B treatments as positive control was related to treatment 800 pg mL™!
concentration. CCsy of amphotericin B and leaf extract of bay laurel treatments was obtained in
129.6 and 162 ug mL! concentrations, respectively. Alcoholic leaf extract of N. ispahanica L.
and amphotericin B both inhibited the growth of L. major promastigotes in vitro. Inhibitory
concentration (IC50) of amphotericin B and N. ispahanica L. leaf extract treatments were 18.5
and 2989.5 ug mL! on L. major promastigotes, respectively. The results of a study indicated that
there was a relationship between phenolic compounds antimicrobial effect of plant extracts also
the antifungal and antioxidant effects of the ethanolic extract of lemon balm. The results of this
study showed that the tested extracts had a high antimicrobial effect and attributed this effect to
the high concentration of caryophyllene and caryophyllene oxide. They also stated that the
chemical compounds of the extracts, such as monoterpene hydrocarbons, have a visible protective
effect. A study showed that the best concentration of N. ispahanica L. essential oil in terms of
inhibiting the growth of Staphylococcus aureus and producing cheese with desirable flavor
properties was 0.015% in combination with probiotic bacteria. Also, the mentioned essential oil
had the highest effect on the growth of S. aureus at two concentrations, 0.015 and 0.03%
respectively, and in combination with probiotics, it significantly prevented the count of these
bacteria from reaching its toxic dose in the studied product. Also, increasing the concentration of
essential oil was significantly effective in reducing the number of S. aureus (P<0.05). The highest
compound present in the N. ispahanica L. essential oil studied was pulgone. The antimicrobial
effects of pulgone have been reported in previous studies. In another study, it was shown that V.
ispahanica L. essential oil has very high antimicrobial power, so it can be used in combination
with other preservatives to protect food against microorganisms that cause infection and
poisoning. Also, chemical analysis of N. ispahanica L. essential oil led to the identification of 22
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compounds with a total of 95.3%. Polugone (31.54%), 1-8 cineole (15.89%), menthofuran
(11.8%), and cis-isopulgone (9.74%) were the major compounds of the essential oil. The
minimum inhibitory concentration of S. aureus bacteria was in the range of 75 to 1200 pg mL"'.
A study was shown that the presence of ethanolic propolis extract alone in the initial formulation
of polylactic acid films was not effective against four foodborne pathogens studied, while the
addition of this compound to films containing N. ispahanica essential oil increased the effective
antibacterial properties of the resulting films. As a result, the simultaneous use of these two
compounds in the structure of hydrophobic films, such as polylactic acid film, is recommended
for the production of active food packaging films. The anti-leishmanial effect of green tea plant
extract on promastigotes of L. major and L. infantum parasites using the MTT colorimetric
method has an efficiency equivalent to that of glucantim. Another study has shown a significant
anti-leishmanial effect of extracts of Artemisia angustifolia and cotton boll on L. major
promastigotes. Extracts of Shirazi thyme, Peganum harmala, and Myrtus communis were also

investigated in vitro by the colorimetric method and showed relative effectiveness.

Conclusions

The results showed an increase in dose-dependent apoptosis based on flow cytometric
analysis. Also, the proximity of N. ispahanica L. leaf extract and amphotericin B treatments in
apoptosis-like cell death, which increases with increasing drug concentration. According to the
IC50 results of N. ispahanica L leaf extract and its high apoptotic efficiency, further studies are
needed to evaluate of N. ispahanica L. leaf extract on Leishmania parasite and also, to design a

clinical setting for this herbal drug.
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1. phosphate buffered saline
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Figure 1. The flow cytometric results of treated apoptotic promastigote cells of Leishmania
major by different concentrations 10, 25, 50, 200, 400, 600, 800 png/mL of alcoholic extract

of leaves of Nepeta ispahanica and control
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Figure 2. The flow cytometric results of treated apoptotic promastigote cells of Leishmania
major by different concentrations of 10, 25, 50, 200, 400, 600, 800 pg/mL of amphotericin B,

and control
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Table 1. Mean comparison of apoptosis results of different concentrations 10, 25, 50, 200,
400, 600, 800 pg/mL of amphotericin B, Nepeta ispahanica alcoholic extract and control on

promastigote cells of Leishmania major

(P<0/05) s)ls 2o

o jsgl duoyd el .
. . (ng/mL) clle sless
Significance ApoptOSI.S Concentration Treatment
concentration
F 76.21 10
E 87.11 25
E 87.45 50 B s Seial
D 88.04 200 Oy s
C 92.40 400 Amphotericin B
B 94.25 600
A 97.35 800
M 7.30 10
M 7.39 25
M 7.37 50 gy S o jlac
M 7.42 200 Nepeta ispahanica
M 7.38 400 alcoholic extract
L 41.11 600
K 47.42 800
v V.o _ (91> 0g) ol

Control

2k oo bjlass 1Sle Cps (PDS+/00) Jd dme ©olds 33 pie odimd Ui ygw 50 alde 5V Cigy> -)

1- Synonym Latin words do not show significant difference between mean of treatments

(P<-/-0)
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Table 2. Amount of ICsy, CCso, and SI index of amphotericin B and leaves extract of bay

Nepeta ispahanica on promastigote cells of Leishmania major.

. 1C50¢
ol Jona il £ Sl CC50P
Treatments : U SI¢
Mean =+ Standard
deviation
oy s 18.5 £0.22 129.6 7.00
Amphotericin B
dig S ojlac
Nepeta ispahanica 2989.5 £111.01 162 0.05

alcoholic extract

o Jskes 2oy B+ 05 J1 & g1y 51 ol =b 9o y3le Lileuid (slacgSutlagyy (sl sk 5l o yd B+ 53y oy jl el a5 o)l 5 ke =a

(CCso/ICso) OeSatwlogyy (Bl adls =C WS o 5 S sl

a= Treatment concentration which kills 50 percentage from the promastigote cells of Leishmania major, b=
Treatment concentration which limits growth of 50 percentage of the cells, c= Promastigote selective index

(CCso/1Cs0)

S92 b)) QLS (2950 35 Sl J5 SlS 5 G o 39 (nl )53l 55 (2024) Chen et al. gl o) gl

390 1y g0 )0b  Jgibl slaoylas SlawsT sl g (2B as 13U 55 ,S0s o), Simgs (Chen et al., 2024) cusls
36Ty 3 ol g wian oV 0L yShas Sl gl (talef] 3)90 (slaosliac 4 ol (Lis Jimgh ol gl 03l 58 oy
oS Jed il ojlas (oland Gl 5 o8 80,8 ol (izpen 9 A 28T 585 5 (b5 (YL el |
Cyiae b ol (2010) Mahmoudi et al. .,y (Yazdani et al., 2020) )b ssalie JB oblis 3l oy 5gse
N0 clale Cgllae el ol b sty M5 G g gl osS oS hdlinl W) I Cuiles Jla5 Sl (a8 Ay (uilul clale
26 VLl s 4 8oyd [o¥ g o [00 clald 93 )3 5e5 00 uilul Gizmen D9 Ssmgn s pSL L plg e 5 Ao
35° 4 L cnl h)led e Sl ) re ssb & Sigman L el Jlosd 13 5 0392 )0y55 50 eghgl S oS glidlinl A
olass lS (gl ins s 2 il CALE Jul33l pizman 13,8 (53 gl SIS sy 3390 03,508 53 95 (liCuogenne
d9r 05y adlas )00 (255 Wy uilul ) dgpse S S VL (PS/00) g Sge egysl (S sS shidlinl
Mahmoudi et al. yumen .culoss (555 LE Gldlbs 3 6Ke (09,5 Lo ol il (Mahmoudi et al., 2010)
ol olge olpl aunl o8 52 2V Sl (29,500 1 olgi 51 (268 gy uilis] 3l L5 (6,505 asllles 5 (2011)
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