
Introduction

Leishmaniosis is a widespread tropical disease
caused by protozoan Leishmania parasites,
primarily affecting developing countries [1–3].
Leishmaniosis is spread through the bite of infected
sandflies, including Lutzomyia and Phlebotomus
species [4]. The illness is categorized clinically into
cutaneous leishmaniosis (CL, most common),
mucocutaneous (MCL), and visceral leishmaniosis
(VL) types [5]. Studies showed the prevalence to be
12 million patients globally, with 350 million people
being vulnerable to leishmaniosis. Approximately
0.5 million of VL and 1–1.5 million new cases of
CL are reported annually [6–8]. 

Due to the lack of adequate vaccination and care,
climate warming, conflict, and displacement,
leishmaniosis affects many people worldwide
[9–11]. Chemotherapy is currently a successful
method for treating leishmaniosis. The first
medication option for Leishmania infections is
pentavalent antimonial compounds, including
sodium stibogluconate and meglumin antimonials
(Glucantime) [12,13]. While the next prescribed
drugs are amphotericin B, paromomycin, and
pentamidine, amphotericin B is considered to be
teratogenic and not safe for pregnant women [14].
The emergence of resistance to pentavalent
antimonials, which are widely used to treat
leishmaniosis, is confirmed by recent data [15].
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Some variables that limit their acceptability by
patients are high toxicity, cost, drug resistance,
multiple systemic adverse effects, painful injection,
and long-term cure [16].

The World Health Organisation (WHO) has
reported that nearly 80 percent of the World’s
population relies on traditional treatments for
fulfilling their primary health care needs [17]. Due
to the importance of new anti-leishmaniosis
medicines derived from the WHO’s natural sources,
recently, several studies have been carried out [6].
Natural products are being used this way, and many
products have shown to have anti-leishmanial
activity [18,19]. 

There are approximately 200 genera and 3000
species in the family Lamiaceae [20]. With over 900
different species worldwide and around 60 species
in Iran, Salvia is the largest genus in the family
Lamiaceae [21]. Traditionally, Salvia species have
been used to cure bronchitis, hemorrhage, colds,
measles, and menstrual conditions as well as more
than sixty different illnesses ranging from epilepsy
to aches [20,22]. 

S. mirzayanii (Marv-e-Talkh in Persian) is a
known native species of the genus Salvia and grows
in the southern regions of Iran. S. mirzayanii has been
used to treat spasms, diabetes, gastrointestinal
disorders, inflammation, and infections in Iranian
folk medicine, especially in the provinces of
Hormozgan, Shiraz, and Kerman [23]. Local
therapists still use S. mirzayanii as a traditional
treatment for leishmaniosis patients in Larestan,
(Fars-Iran). S. mirzayanii essential oils contains
alpha-guaiene (2.23%), linalyl acetate (2.55%), 7-
epi-alpha-selinene (3.23%), linalool (3.35%),  epi-
alpha-cadinol (4.20%), alpha-cadinol (4.58%),
globulol (5.12%), δ-cadinene (5.46%), bicyclo -
germacrene (6.47%), γ-cadinene (6.64%), alpha-
terpinyl acetate (9.64%), 1,8-cineol (11.23%), and 5-
neo-cedranol (15.48%) [24]. Anti-hyperglycemic,
antimicrobial, antioxidant, anti-inflammatory and
neuroprotective effects have been seen in
pharmacological trials for various S. mirzayanii
formulations [25,26]. However, there is no research
reporting the anti-leishmaniosis impact of S.
mirzayanii.

In the present study, the anti-leishmaniosis
effects of aqueous and alcoholic extracts of S.
mirzayanii were investigated both under in vitro and
in vivo conditions.

Materials and Methods

Plant collection

Aerial sections of S. mirzayanii were collected in
February and March 2019 from Larestan county,
Shiraz, Iran. The species was certified by the
Department of Traditional Medicines, Faculty of
Pharmacy, Shahid Beheshti University of Medical
Sciences, Iran to be S. mirzayanii. The plant’s
voucher (#1120) is kept in the herbarium of Faculty
of Pharmacy, Shahid Beheshti University of
Medical Sciences, Iran. The specified sections of
the plant were dried after collection at room
temperature in the shade without heat.

Preparation of extracts and medicines

For preparing aqueous extraction, the powdered
S. mirzayanii (50 grams) was macerated in distilled
water (200 ml) at room temperature (25°C) for 72
hours. Then, Whatman paper was used to filter the
mixtures. For alcoholic extract, 50 grams of
powdered S. mirzayanii was percolated with 500 ml
of ethanol 80–85% at room temperature for 72
hours. The extracts were centrifuged (5000 rpm) for
a half-hour, and Whatman paper was used to filter
the supernatants.

A concentration of 1 μg/ml of amphotericin B
and 100 μg/ml of Glucantime (Glucantime®
Rhone-Merieux, France) was chosen as the
medication option for leishmaniosis in this report.

Promastigotes assay

L. major promastigotes of the Iranian standard
strain (MRHO/IR/75/ER) were cultured in RPMI
1640 (Gibco, Germany) with antibiotics (100 μg/ml
streptomycin and 100 IU/ml penicillin) and 10
percent fetal bovine serum (FBS; Gibco, Germany)
at room temperature (24±2°C). To investigate the
anti-leishmanial effects, L. major promastigotes in
the logarithmic growth phase (2×106 parasites/ml)
added 100 μl to 96-well plates, then 100 μl of 7
specific dilutions (6.25, 12.5, 25, 50, 100, 200, and
400 μg/ml) of the S. mirzayanii extracts were also
used to treat the promastigotes for 24, 48, 72 h at
24±2°C. After incubation, the number, and
morphology of the promastigotes were analyzed
under an optical microscope, using Hemocytometer
slide and compared with control groups, including
those not treated and treated with glucantime (100
μg/ml) and amphotericin B (1μg/ml)  to determine
the anti-leishmanial effects. Experiments were done
in triplicates. 
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Amastigote assay

In this study, a 12-well culture plate was seeded
with macrophages and incubated for 24 h at 37°C
under 5% CO2. Non-adherent cells were washed
with phosphate buffer salt (PBS). To acquire
amastigotes, macrophages were contaminated with
promastigotes (1:10) for 24 h. The extra non -
penetrating promastigotes was washed and removed
with PBS. Afterwards, S. mirzayanii extracts (6.25,
12.5, 25, 50, 100, 200, and 400 μg/ml) were added to
contaminated macrophages. After incubation for 72
h, coverslips were fixed and the samples stained
using methanol and Giemsa. Mean amastigote-
infected macrophages have been determined using an
optical microscope and compared with control
groups.

MTT assay for macrophages

The MTT solution was prepared by mixing 5 mg
of MTT powder (Sigma Chemical Co., Germany)
with sterile PBS (1 ml) in a dark room. For
macrophage inhibition, murine macrophage cell line
(J774) was used for MTT assay (Sigma Aldrich,
USA). The cells were cultured in RPMI 1640
(Gibco, Germany) with antibiotics (100 μg/ml
streptomycin and 100 IU/ml penicillin) and 10%
FBS under 5% CO2 at 37°C. After seeding cells in
96-well plates, (2×106/ml),  S. mirzayanii extracts
added at various concentrations (6.25, 12.5, 25, 50,
100, 200, and 400 μg/ml) and glucantime (50μg/ml)
and amphotericin B (1μg/ml) was used as the
positive control at 37°C for 72 h. To allow the cells
to convert tetrazolium salt into insoluble formazan,
20 μl (5 mg/ml) MTT was added to each well, and
the plate was incubated at 37°C for five h. DMSO
(100 μl) was added to each well in a dark place at
25°C, and the crystals of formazan are solubilized in
DMSO. ELISA reader (Stat Fax, USA) was used to
measure the optical density at 540 nm. The
percentage of macrophage inhibition rates was
calculated using the following formulas in both
treated and untreated groups [27,28].
Macrophage inhibition (%) = 100 - Macrophage
viability (%)
Macrophage viability (%) =(AT-AB)/(AC-AB)×100
AT: Absorbance of treated cells
AB: Absorbance of the blank
AC: Absorbance of untreated (control) cells

MTT assay for L. major promastigotes

The inhibition of L. major promastigotes was
evaluated using the MTT assay, and promastigotes

(2×106/ml) were cultured as briefly stated earlier. L.
major promastigotes were cultured in plates
containing serial dilutions of S. mirzayanii (6.25,
12.5, 25, 50, 100, 200, and 400 μg/ml) 24°C for 72
h. On each well, 5 mg/ml (20 μl) MTT was added.
The incubation was carried out at 25°C for five
hours. DMSO (100 μl/well) was added to each well
after draining the supernatant. ELISA reader (Stat
Fax, USA) was used to read the optical density at
540 nm. The percentage of inhibition of L. major
promastigotes was calculated using the
aforementioned formulas [27,28].

Flow cytometry analysis

Annexin-V can be used in this method to
differentiate between apoptotic (only annexin-V
positive as early apoptosis/lower right – both
annexin-V and PI-positive as late apoptosis/upper
right), necrotic (PI-positive/upper left) and living
cells (both annexin-V and PI negative/lower left)
[27]. As mentioned before, promastigotes
(2×106/ml) treated with S. mirzayanii (100, 200
μg/ml) and untreated L. major promastigotes were
centrifuged for 10 min at 1400g with cold PBS
solution. 5 μl PI and 5 μl annexin V plus 500 μl
buffer (IQ Products BV, Groningen, Netherlands)
were added to samples. After incubation at 25°C for
20 minutes, the samples were analyzed using a flow
cytometer (BD FACSCanto II, USA), and FlowJo
software was used to analyze the data.

In vivo assay

In this study, six- to eight-week-old BALB/c
female mice (from Razi Institute, Karaj, Iran) were
used. Mice were kept in standard cages at ambient
humidity, room temperature, and 12-hour normal
light-dark cycle and fed ad libitum. Animal
experimentation was carried out upon the approval
of the Animal Care Committee of Tarbiat Modares
University, Tehran, Iran. Using stationary phase
promastigotes (2×106) at a volume of 100 μl, mice
were subcutaneously injected at the tail base.
Nodules were observed in the injection site after one
month. The ointment was prepared by combining
aqueous and alcoholic extracts of S. mirzayanii (400
μg/ml) with vitamin A ointment.  Mice were divided
into five groups (N=5 mice):

1. Untreated mice (negative control)
2. Mice treated with 60 mg/kg of glucantime
(positive control)
3. Mice treated with vitamin A ointment 
4. Mice treated with aqueous extract of S.

A study 215



mirzayanii (400 μg/ml) + vitamin A 
5. Mice treated with alcoholic extract of S.
mirzayanii (400 μg/ml) + vitamin A
After 28 days, each group's mice were checked

to measure parasite burden and lesion size [27,28].

Statistical analysis

Data were analyzed using GraphPad Prism 5.0
(Graphpad Inc., USA). One-way ANOVA was used
to compare the mean differences in different groups.
To ensure data normalization, the Kolmogorov-
Smirnov test was used. The values are displayed as
the mean ± SD, and p-value < 0.05 was considered
significant.

Results

Promastigote assay

Longer treatment times (72 h) and higher extract
concentrations (200, 400 μg/ml) resulted in increased
toxicity to promastigotes. The alcoholic extract of S.
mirzayanii demonstrated a more significant lethal

impact on promastigotes than aqueous extract (Fig.
1 A,B).

Amastigote assay

Generally, the results demonstrated that aqueous
and alcoholic extracts of S. mirzayanii reduce the
number of L. major amastigotes in macrophages.
The percentage of macrophages infected with
amastigotes are summarized in Fig. 2 A,B.

MTT assay for macrophages

MTT test showed that concentrations of 200 and
400 μg/ml of aqueous and alcoholic extracts of S.
mirzayanii have toxic effects on cells after 72 h.
However, they were less toxic than amphotericin
and glucantime. Briefly, the results are shown in
Fig. 3 A,B. 

MTT assay for promastigotes

The percentage of parasite inhibition was
evaluated using the MTT test. This test showed that
concentrations of  200 and 400 μg/ml aqueous and

Figure 1. A,B. Mean and standard deviation of the number of promastigotes of L. major exposed to concentrations of
aqueous and alcoholic extracts of S. mirzayanii for 24, 48, 72 h. There are statistical differences in all groups with the
control group (P < 0.05).
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alcoholic extracts of S. mirzayanii induced more
inhibitory effects on the parasite than amphotericin
and glucantime (Fig. 4 A,B).

Flow cytometry analysis

In this study, concentrations of 100 and 200
μg/ml of aqueous and alcoholic extracts of S.
mirzayanii were used for flow cytometry. In the
samples treated with concentrations of 100 and 200
μg/ml of aqueous extract, the percentage of

apoptosis was estimated at 8.92% and 35.39%,
respectively. The rate of primary apoptosis was
estimated at 16.37% and 80.19% in the samples
treated with concentrations of 100 and 200 μg/ml of
alcoholic extract respectively. However, in the
control group that received no drugs, 99.70% of the
cells were alive and 0.20% were apoptotic. The
results of flow cytometry are shown in Fig. 5 A–C.

In vivo assay

Figure 2. A,B. Mean and SD of percentage of infected macrophages with amastigote of L. major in treatment groups
with aqueous and alcoholic extracts of S. mirzayanii and control group after 72 h

Figure 3. A.B. Mean and SD of the percentage of macrophage inhibition exposed to different concentrations of
aqueous and alcoholic extracts of S. mirzayanii after 72 h. There is a statistical difference with the control group (P <
0.05).
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Figure 4. A,B. Mean and SD of the percentage of promastigotes inhibition exposed to different concentrations of
aqueous and alcoholic extracts of S. mirzayanii after 72 h. There is a statistical difference with the control group (P <
0.05).

Figure 5. A–C. The results obtained from flow cytometry analysis on L. major promastigotes after treatment with 100
and 200 μg/ml concentrations of aqueous (B), alcoholic (C) extracts of S. mirzayanii, and control (A) after 72 h, in
vitro
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The wound diameters in mice receiving
glucantime, aqueous, vit. A and alcoholic extracts of
S. mirzayanii, and control are shown in Figs 6,7.
The findings revealed that in the groups receiving
aqueous and alcoholic extracts of S. mirzayanii, and
glucantime, the mean size of lesions decreased
compared with the negative control group. The
effect of the alcoholic extract of S. mirzayanii was
greater than that of the aqueous extract, according to
the consequences (p < 0.05).

Discussion

Being prevalent in around 98 countries,
leishmaniosis is known to be one of the most
significant health issues in the world  [29,30]. Anti-
leishmaniosis medications, including glucantime,
amphotericin B, and sodium stibogluconate
(pentostam), have been used as first-line therapies
for the disease in recent years. Due to drugs’ side
effects, high cost and drug resistance [31], many
researchers have focused on finding new drugs that
are cheaper, safer, and with less side effects. To this
end, natural compounds extracted from plants are
good sources for new drugs [32]. In the same vein,
this study was designed to comparatively evaluate
the anti-leishmaniosis effects of aqueous and
alcoholic extracts of S. mirzayanii on L. major both
under in vitro and in vivo  conditions.

In previous research, a wide variety of biological

functions, such as antioxidant, anti-inflammatory,
cytotoxic, insecticidal, anti-diabetic, and anti -
microbial, have been attributed to essential oils,
crude extracts, and purified compounds from
different sections of the Salvia genus [33–36].

However, until this study, no research has been
conducted to examine the anti-leishmaniosis effect
of S. mirzayanii. Our findings revealed that
promastigotes and amastigotes of L. major were
susceptible to different concentrations of aqueous
and alcoholic S. mirzayanii extracts. A study by
Zomorodian et al. [37] shows that S. mirzayanii
essential oil has a wide range of antibacterial and

Figure 6. The figures of lesions in control (A), treated
mice with glucantime (B), Vit A (C), aqueous extract of
S. mirzayanii (D), and alcoholic extract of S. mirzayanii
(E) 28 days after finishing treatment
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antifungal effects. In the present research, aqueous
and alcoholic extracts of S. mirzayanii have lowered
the survival rate of promastigotes, suggesting that
this plant has anti-leishmaniosis efficacy.

Comparing the effects of aqueous and alcoholic
S. mirzayanii extracts, we found that the anti-
leishmaniosis efficacy of alcoholic extracts was
higher than that of aqueous extracts for longer
periods. The compounds responsible for anti-
leishmaniosis activity of S. mirzayanii can also be
proposed to be more soluble in ethanol than in
water. 

Recent research has shown that in S. mirzayanii
plant, phenolic compounds demonstrate antioxidant
function by inactivating free lipid radicals or
preventing hydroperoxides’ decomposition into free
radicals [38]. The major constituents of S. mirzayanii
essential oil  considered as antibacterial agents are 5-
neo-cedranol, alpha-terpinyl acetate, 1,8-cineol,
bicyclogermacrene, δ-cadinene, globulol, alpha-
cadinol, tau-cadinol, 7-epi-alpha-selinene, linalyl
acetate, linalool, β-elemene, γ-cadinene and alpha-
guaiene [39]. These phyto chemicals found in S.
mirzayanii may also have relevance to the anti-
leishmaniosis effects of S. mirzayanii. To elucidate
the key constituents of S. mirzayanii for its anti-
leishmaniosis properties, more research is suggested
to be done in the future.

The findings of this study revealed anti-
leishmaniosis effects of S. mirzayanii against L.
major promastigotes and amastigotes. Moreover,
compared with the control group, the wound sizes of
L. major-infected BALB-c mice which received
treatments with the plant derivatives were reduced
significantly, and their survival rate also improved.
These results suggest that S. mirzayanii can be used
alone or in combination with common anti-
leishmanial drugs to treat leishmaniosis. 
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