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1  | INTRODUC TION

Leishmania parasites are the causative agents of leishmaniasis, a 
group of protozoan infection transmitted by a bite of female sand 
flies to human. Leishmaniasis is the world’s most devastating ne-
glected tropical disease (NTD) with a complicated ecology1-3 whose 
transmission needs parasites, vectors, reservoirs and human inter-
actions.4,5 Leishmaniasis is an important endemic disease across the 
five continents which involve 98 countries, especially the develop-
ing countries.4 Based on World Health Organization (WHO) reports, 
nearly 12 million people are affected and 350 million individuals 
are at risk of the disease.5-7 Leishmania infection has been clinically 
categorized into three major forms: visceral leishmaniasis (VL), cuta-
neous leishmaniasis (CL) and mucocutaneous leishmaniasis (MCL).1,8 

Globally, CL is the most prevalent form of the disease with approx-
imately 1.2 million new cases diagnosed each year, where 90% of 
cases occur in seven developing countries including Afghanistan, 
Iran, Algeria, Peru, Brazil, Saudi Arabia and Syria.9,10

Although different chemical compounds are available for the 
treatment of various clinical forms of leishmaniasis, there is no ef-
fective treatment against the disease and the current chemical ther-
apies suffer many critical disadvantages.11 The usual and common 
treatment of leishmaniasis is the prescription of pentavalent anti-
mony (antimonials) including Pentostam (sodium stibogluconate) 
or Glucantime (meglumine antimoniate) which have remained the 
first- line chemical drugs against leishmaniasis globally.12,13 Another 
alternative first- line treatment is antifungal drug amphotericin 
B (AMB) which is used in the case of resistance to the antimony 
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Summary
This is the first study aiming to determine the therapeutic effects of the Sambucus 
ebulus aquatic extract as an antileishmanial herbal drug and evaluate the immune 
responses in Leishmania major major infected BALB/c mice. The antileishmanial activ-
ity of S ebulus aquatic extract was evaluated using MTT test as well as parasite rescue 
and transformation assay. Footpad swelling and parasite load of infected mice were 
measured by several techniques. The immune responses were evaluated by measur-
ing the levels of IFN- γ, IL- 4, nitric oxide and arginase. The results indicated that S. eb-
ulus can significantly decrease L. major promastigotes and amastigotes viability, but it 
was not toxic to macrophages. The lesion size, parasite burden and the level of ARG 
decreased in the treated infected mice, while the IFN- γ- to- IL- 4 ratio and the level of 
NO increased significantly. Altogether, the S. ebulus extract is an effective compound 
for killing Leishmania parasite without excessive toxicity to the host cells and can cure 
the CL by switching the host immune responses towards Th1 response. Thus, it may 
be a perfect therapeutic option for CL treatment.
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treatment.1,14,15 Recently, new chemical therapeutic alternatives 
have been recommended for the treatment of leishmaniasis includ-
ing lipid- associated AMB, paromomycin, miltefosine, sitamaquine, 
azoles and itraconazole.1,13 All of the mentioned antileishmanial 
drugs have many shortcomings due to their negative side effects 
as well as the persistence of Leishmania infection because of host 
immunity and the ability of the parasite to modify the host immune 
responses.13,16 Although the recommended antileishmanial drugs 
such as antimonials can stimulate the host immune responses and 
resolve the Leishmania infection, several documented studies have 
described the insufficient antileishmanial activity and their differ-
ent adverse effects which can culminate in treatment failure. Hence, 
discovering novel compounds with lower toxicity, high immunomod-
ulatory effects and antileishmanial activity is vital.16

To date, use of natural product has been one of the main effec-
tive choices in the treatment of parasitic diseases including leish-
maniasis. Studies have suggested that a natural herbal compound 
does not have a high probability of causing adverse effects. They 
are sustainable, economical, available and more importantly have 
immunomodulatory effects compared with common antileishmanial 
compounds.16,17 These herbal extracts can be utilized as alternative 
natural treatments for cancers and serious infectious diseases such 
as CL, in which the host immune responses are critical for evolution 
of the disease.9,16,18

In traditional medicine, one of the less studied herbal plants 
for its antiparasitic characteristics is Sambucus ebulus L. (S ebulus), 
known as dwarf elder or elderberry,19,20 which is ubiquitously pres-
ent in different parts of Iran.21 S ebulus plant is known as Khamaan 
in Iranian (Persian) traditional medicine which is prescribed as a nat-
ural herbal remedy in several diseases and various painful conditions 
such as sore throat, arthritis, honey bee bites and haemorrhoid.19,21 
Further, this herbal plant has lately shown to have anti- Helicobacter 
pylori activity, antitumour, antinociceptive, anti- inflammatory, anti- 
angiogenic and anti- oxidative activities.20-24 Previous studies have 
revealed that S ebulus has different active compounds including gly-
cosides flavonoids, tannins, steroids, colchicine, ebulitins, anthocya-
nins, caffeic acids and volatile substances.20,21 The compounds such 
as flavonoids can trigger the host immune responses.20

To the best of our knowledge, this is the first comprehensive 
study measuring the major efficacy, safety, toxicity and antiparasitic 
prosperities of S ebulus aqueous extract against L major in both in 
vitro and in vivo situations and evaluating the immune responses in 
mice model of cutaneous leishmaniasis.

2  | MATERIAL S AND METHODS

2.1 | Chemicals and reagents

Phorbol 12- myristate 13- acetate (PMA) and 3- (4,5 dimethylthiazol- 2- 
yl)- 2,5- diphenyl tetrazolium bromide (MTT) were obtained from Sigma- 
Aldrich (Deisenhofen, Germany). Schneider’s Drosophila medium, M199 
medium, Dulbecco’s modified Eagle’s medium (DMEM) phenol red- 
free, RPMI- 1640, foetal calf sera (FCS), dimethylsulphoxide (DMSO), 

gentamicin, L- glutamine, adenosine, HEPES, hemin and amphotericin 
B (AMB) were purchased from Gibco (Gibco, Life Technologies GmbH, 
Karlsruhe, Germany) and Sigma (Darmstadt, Germany).

2.2 | Plant material

Sambucus ebulus leaves were collected from forest regions of Amol 
city	 (36°23′N	 52°20′E)	 located	 in	 the	 North	 of	 Iran	 (Mazandaran	
Province) in August 2016. The plant material identification was 
performed by a botanist in the Shahid Beheshti Medical Herbarium 
Center and Agricultural Research Center. A voucher specimen 
(1046A) was deposited at the Herbarium of Shahid Beheshti Medical 
Herbarium Center. The S ebulus material was dried at room tempera-
ture and coarsely grounded and powdered using a mixer and then 
kept in a dark amber- coloured bottle before herbal extraction.

2.3 | Herbal extraction

The aqueous extraction processes of powdered materials of S ebu-
lus were applied according to the method as described previously.25 
It was sterilized by filtration via a membrane filter (0.22 μm). The 
extract utilized freshly to prepare for different concentrations for 
evaluation of its antileishmanial activity.

2.4 | Cells culture

Human monocyte cell line called THP1 (ATCC® TIB- 202 TM) was 
used in this study. They were cultured in RPMI- 1640 supplemented 
with FCS 10% at a temperature of 37°C in a CO2 5% incubator. To 
form differentiated and adherent macrophages, they were counted 
and treated with 5 μg/mL of PMA. Nonadherent macrophage cells 
were eliminated by washing twice with RPMI 1640 medium. THP1 
cells treated with PMA were utilized for further evaluations.26,27

2.5 | Extract cytotoxicity evaluations on 
macrophages

The cytotoxicity effects of S ebulus extract were assessed via culti-
vating PMA- treated human THP1 macrophages (5 × 106 cells) in the 
presence of increasing concentrations of the extract (125, 250, 500, 
1000, 2000, 4000, 8000, 16 000, 32 000 and 64 000 μg/mL), PBS 
and AMB as controls in 96- well microtiter culture plates (Orange 
Scientific, Braine-l’Alleud, Belgium.) at 37°C in CO2 5% for 48 hours. 
Cell viabilities were measured by colorimetric MTT assay as described 
previously elsewhere.28,29 Absorbance ratios were quantified at the 
optical density of 570 nm. The viability of macrophages was measured 
through comparing treated cells and untreated control samples, and 
finally, CC50 was calculated [50% cytotoxic concentration (μg/mL)].

2.6 | Promastigotes extract susceptibility assay

The efficacy of the various increasing concentrations of S. ebulus ex-
tract (125, 250, 500, 1000, 2000, 4000, 8000, 16 000, 32 000 and 
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64 000 μg/mL) on the stationary growth phase of L major promas-
tigotes (2 × 106 parasites) was measured at 26°C for 48 hours. PBS 
and AMB were used as controls. S ebulus extract susceptibility was 
determined by colorimetric MTT assay,26,30 and the concentration of 
the extract causing 50% inhibition in promastigotes growth (μg/mL) 
was computed (IC50).26

2.7 | Macrophages infection and EC50 determination

Phorbol 12- myristate 13- acetate- treated human THP1 macrophages 
(5 × 105 cells) were seeded into a glass chamber slide (Thermo 
Scientific Pierce Chemical Co, Waltham, MA) and in 96- well culture 
plate in RPMI- 1640 medium supplemented with FCS 10%, incubated 
at 37°C in CO2 5% for 24 hours. Then, the stationary growth phase 
promastigotes of L major were added into each chamber and well 
(1:10 macrophages to the parasite) and incubated at 37°C in CO2 
5% for 24 hours allowing the promastigotes to infect the THP1 cells. 
Thereafter, free promastigotes were removed through washing 
twice by serum- free RPMI- 1640 medium. The infected macrophages 
were treated with various increasing concentrations of S ebulus ex-
tract as mentioned previously for 48 hours at 37°C in CO2 5%.18,26,31

2.8 | Parasite rescue and transformation assay

The infected PMA- treated human THP1 macrophages in the 96- 
well culture plate from the previous step were washed twice with 
serum- free RPMI- 1640 medium to remove medium debris. Next, 
20 μL of RPMI- 1640 medium containing SDS 0.05% was added to 
each 96- well for lysis of the infected cells. The plate was shaken 
on the shaker for about 30 seconds, where Schneider’s Drosophila 
medium supplemented with FCS 10% was added to each well. 
Then, the plate was incubated for 72 hours at 26°C in order to 
transform the survived amastigotes of L major to promastigote 
forms. After 72 hours, the survived live amastigote forms of the 
parasite were transformed into flagellated promastigotes. Finally, 
the effect of the S ebulus extract was measured by colorimetric 
MTT assay and the effective concentration (EC50: 50%) (μg/mL) 
was calculated.27

2.9 | Ethical statement and mice conditions

This study was approved by the Human and Animal Research Ethics 
Committee of Shahid Beheshti University of Medical Sciences 
which is based on the guidelines of the Specific National Ethics 
for Biochemical Research issued by the Research and Technology 
Deputy of the Ministry of Health and Medical Education (MOHME) 
of Iran (issued 2005). In this study, attempts were made to minimize 
mice suffering within the course of our experiment. Female BALB/c 
mice (6- 8 weeks old) were purchased from Pasteur Institute of Iran 
(Tehran, Iran). The mice were housed in ventilated plastic cages and 
kept in a controlled animal care facility (23°C; humidity: 55%- 60%) 
with free access to tap water and enough rodent food.

2.10 | General safety assessment of S. ebulus 
extract in BALB/c mice

The toxicity of the S ebulus extract was assessed in susceptible 
BALB/c mice with the age of 6- 8 weeks weighing nearly 20 g. Seven 
groups (four mice per group) are chosen and nominated as GA to 
GF as presented in Table 1. Group GA, as the control, received no 
treatment; groups GB to GD received S ebulus intramuscularly (IM) at 
three concentrations of 100, 150 and 200 mg/kg, respectively, and 
GE to GF received S ebulus intralesionally (IL) at three concentrations 
of 100, 150 and 200 mg/kg, respectively (Table 1). After extract 
treatment, all mice were monitored for 1 week and their vital signs 
including body weight, sound sensitivity, sleepiness, diarrhoea and 
hair shedding were monitored.32,33

2.11 | Parasite and inoculation of mice

The pathogenic Iranian strain of L major (MRHO/IR/75/ER) was used 
in the current experiment. The parasite was maintained in a virulent 
state by a continuous passage in BALB/c mice. Isolated lymph nodes 
(LNs) from infected mice were cultured at 26°C in M199 medium 
at pH 7.4, supplemented with FCS 5% and gentamicin 50 μg/mL. 
The promastigotes of the parasite were subcultured and monitored 
daily. A total of 2 × 106 stationary phase metacyclic promastigotes 
(4- 5 days) isolated by Ficoll 400 was injected subcutaneously (SC) in 
their right hind footpad.32 Frozen and thawed (F/T) antigen prepara-
tion of L major parasite has been described in our previous study.32,33

2.12 | Schedule of animal study

For the infected mice, nine groups (n = 15 mice per each group) were 
used in the following way: G1: infected group with no treatment as 
control; G2: infected group treated with the standard antileishma-
nial drug, amphotericin B (AMB) 8 mg/kg; G3: infected group treated 
with PBS 1X; G4, G5 and G6 infected groups treated with S ebulus 
100, 150 and 200 mg/kg, respectively, administrated by IM route; 
and G7, G8 and G9 infected groups treated with S ebulus 100, 150 
and 200 mg/kg, respectively, administrated by IL route (Table 2). 
Four weeks post infection, G2 received AMB intraperitoneally (IP) 

TABLE  1 General safety assessment of Sambucus ebulus extract 
in mice model. GA with no treatment was used as the control group. 
Other groups (GB- GG) were treated with S ebulus. Routes of 
injection are presented in the table

Groups (G)
Concentrations 
(mg/kg) Injection route

GA - - 

GB 100 Intramuscular (IM)

GC 150 Intramuscular (IM)

GD 200 Intramuscular (IM)

GE 100 Intralesional (IL)

GF 150 Intralesional (IL)

GG 200 Intralesional (IL)
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on a daily basis, which continued for 14 days. Groups G4, G5, G6, 
G7, G8 and G9 received different concentrations of S ebulus (100, 
150 and 200 mg/kg,) by IM and IL routes, respectively, four times a 
week lasting for 4 weeks.

During the entire infection/treatment course, footpad swelling 
was monitored weekly and recorded for each mouse separately. 
The increase in the thickness and width of the infected and unin-
fected footpads was measured by a metric caliper. After 14 days of 
AMB treatment and 1 month of S ebulus treatment, five mice from 
each group were sacrificed. Then, their infected lymph nodes (LNs), 
spleens and footpads were isolated and evaluated for parasite load, 
cytokine levels and arginase activity.

2.13 | Quantification of parasite burden using 
limiting dilution assay

Eight weeks after infection, five mice from each group were sacri-
ficed and the motile promastigotes of Leishmania in the drained LNs 
were counted microscopically. Also, the parasite burden was quanti-
fied by limiting dilution assay as previously described.32,34

2.14 | Quantification of parasite burden using real- 
time PCR

Eight weeks following infection, quantification of parasite burden 
(PB) in the isolated LNs was performed using real- time PCR. After 
LNs homogenization, the total genomic DNA was extracted by GF- 1 
DNA extraction kit (Vivantis, Canada) according to the manufac-
turer’s instruction. The DNA content was determined by NanoDrop 
(Nanodrop, ND- 1000, USA). A total of 40 ng of extracted genomic 
DNA was used for real- time PCR. Two sets of primers targeting a 
region of Leishmania kinetoplastid minicircle DNA including RV1 
and	 RV2	 primers	 (forward:	 5′-	CTTTTCTGGTCCCGCGGGTAGG-	3′	
and	reverse:	5′-	CCACCTGGCCTATTTTACACCA-	3′)	were	utilized	in	
this experiment. For quantification of parasite load, 5 μL of genomic 
DNA, 9 μL of SYBER Green PCR master mix (Qiagen) and 5 pmol of 
all forward and reverse RV1 and RV2 primers were used in a total 
volume of 25 μL per PCR. The PCR amplification program was as 
follows: 95°C for 5 minutes; 40 cycles of 15 seconds at 95°C; 30 sec-
onds at 58°C; and 72°C for 40 seconds. Leishmania major genomic 

DNA was used in eightfold dilutions corresponding to 1 × 107 para-
sites to draw the standard curve using Applied Biosystem 7500 real- 
time PCR.32,35 All of the reactions were done in duplicate.

2.15 | Cytokine production by splenocytes in mice

IL- 4 and IFN- γ productions were measured in the supernatant of 
splenocytes as described elsewhere.32,33 Briefly, at the end of the 
treatment (8 weeks after infection), five mice from each group were 
sacrificed with the spleen of each mouse homogenized using DMEM 
phenol red- free medium supplemented with inactivated FCS 5%. 
Then, the cell suspension was treated with ACK lysis buffer (NH4CL 
0.15 mol/L; KHCO3 1 mmol/L; Na2EDTA 0.1 mmol/L) at room tem-
perature for 5 minutes to eliminate the erythrocytes. The cells were 
washed thrice in DMEM phenol red- free by centrifugation at 580 g 
for 8 minutes. To assess the cell viability, they were counted via 
trypan blue staining. The cells were seeded at a density of 4 × 106 per 
well in the presence of the medium alone (no antigen) as a negative 
control, concanavalin A (Con A) (5 μg/mL) as the positive control and 
L major F/T (10 μg/mL) for all experiments, where the plates were 
incubated for 5 days at 37°C in CO2 5% in humidified atmosphere. 
After 3 days for IL- 4 and 5 days for IFN- γ, the production of IL- 4 and 
IFN- γ in supernatants of splenocyte of each mouse in response to no 
antigen, Con A and F/T was quantified by sandwich ELISA kits (R&D, 
Minneapolis, MN), following the manufacturer’s recommendations. 
All experiments were done in triplicate.

2.16 | Determination of arginase activity

Four weeks after the treatment, the enzymatic activity of arginase 
(ARG) was assessed in the footpads of sacrificed mice. It measures 
the conversion of L- arginine to L- ornithine through the microplate 
method which has been described elsewhere.36-38 Briefly, cell sus-
pensions of isolated footpads were homogenate in 500 μL of PBS 
1X. The suspensions were centrifuged for 5 minutes at 500 g, and 
cell- free supernatants were centrifuged at 12 000 g for 10 min-
utes. A total of 25 μL of cell lysates was solubilized with 25 μL of 
lysis buffers (Triton 0.1% x- 100, MnCl2 10 mmol/L, and Tris- HCl 
50 mmol/L; pH 7.5). Arginase was activated by heating for 7 min-
utes at 56°C. L- arginine hydrolysis was performed by incubating 

Groups (G) Treated with Concentrations Injection route

G1 No treatment - - 

G2 AMB 8 mg/kg Intraperitoneal (IP)

G3 PBS 1X Intramuscular (IM)

G4 S ebulus 100 mg/kg Intramuscular (IM)

G5 S ebulus 150 mg/kg Intramuscular (IM)

G6 S ebulus 200 mg/kg Intramuscular (IM)

G7 S ebulus 100 mg/kg Intralesional (IL)

G8 S ebulus 150 mg/kg Intralesional (IL)

G9 S ebulus 200 mg/kg Intralesional (IL)

TABLE  2 Distinct groups of mice for in 
vivo experiment: the treatment, 
concentrations and routes of Sambucus 
ebulus extract injection are outlined for 
each group
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the activated lysates with 50 μL of L- arginine (pH 9.7) at 37°C for 
60 minutes. The reaction was stopped by the addition of 400 μL 
of acid solution (H2SO4 (96%)/H3PO4 (85%)/H2O (1:3:7, v/v/v). 
The urea concentration was measured at 540 nm after addition 
of 20 μL of α- isonitrosopropiophenone (ISPF, dissolved in 100% 
ethanol, Sigma) using a spectrophotometer (Power Wave XS, BIO- 
TEK, VT), followed by heating at 100°C for 45 minutes. One unit 
of enzyme activity is defined as the amount of enzyme catalysing 
the formation of 1 μmol of urea per minute. The protein content of 
each sample (25 μL) was measured by BCA Protein Assay Reagent 
(Thermo Scientific Pierce Chemical Co, Waltham, MA) using seri-
ally diluted bovine serum albumin (BSA) as standard.8,35

2.17 | Nitric oxide measurement

A total of 100 μL of the stimulated splenocytes supernatant (after 
3 days) was obtained from each well and subsequently mixed with an 
equal volume of Griess reagent [0.1 N (1- naphthyl) ethylenediamine di-
hydrochloride, sulphanilamide 1% in H3PO4 5%], and then incubated 
10 minutes at room temperature. The absorbance of the coloured com-
plex was measured at 570 nm. The nitric oxide (NO) concentration of 
each sample was estimated based on standard curve formula plotted 
with NaNO2 serial dilution in the culture medium.32,35

2.18 | Statistical analysis

CC50, ED50 and IC50 calculations and statistical analyses were con-
ducted using Prism 6.0 for Windows (GraphPad Prism, San Diego, CA). 
The differences were analysed by one- way ANOVA and Student’s t test. 
The P- values less than 0.05 were considered statistically significant.

3  | RESULTS

3.1 | Cytotoxicity evaluation

As demonstrated in Figure 1, the results of colorimetric MTT assay indi-
cated that S ebulus aqueous extract did not exert any toxic effects to the 

PMA- treated human THP1 macrophages, even at its higher concentra-
tions (125- 64 000 μg/mL). The obtained CC50 (μg/mL) of S ebulus extract 
on THP1 macrophages and AMB was 30 000 and 1.9 μg/mL, respectively.

3.2 | Effects of extract on Leishmania 
promastigotes and IC50 estimation

The antileishmanial effect of S ebulus aquatic extract was evaluated 
against promastigotes of L major in order to estimate the IC50 values 
(Figure 2). The results revealed that the extract significantly affected 
the promastigotes growth, and the IC50 of the extract was effec-
tive at the concentration of 3500 μg/mL killing 50% of the parasites 
(Figure 2A). PBS, as a negative control, had no effects on promas-
tigotes of L major (Figure 2B). For AMB (tested at 1.1- 3.1 μg/mL), as 
a positive reference control, 50% growth inhibition of L major was 
observed at the concentration of 1.2 μg/mL (Figure 2C).

3.3 | Parasite rescue and transformation assay and 
EC50 estimation

Using the MTT test, the EC50 (μg/mL) of S ebulus aquatic extract 
for amastigotes form of L major is shown in Figure 3, which dem-
onstrates that for L major amastigotes, the EC50 of the extract was 
6000 μg/mL (Figure 3A). PBS, as the negative control, had no effects 
on amastigotes of L major (Figure 3 B). For AMB (positive control), 
the EC50 of the extract was 2.6 μg/mL (Figure 3C). As the cytotoxic-
ity (CC50) results revealed, the CC50 of PMA- treated human THP1 
macrophages (Figure 2A) and the EC50 of the S ebulus aquatic extract 
were 30 000 and 6000 μg/mL, respectively. This means that S ebulus 
extract was not only toxic to human THP1 cells, but also killed the 
L major amastigotes (Figures 2 and 3).

3.4 | Sambucus ebulus extract as a safe compound in 
BALB/c mice

The results of toxicity assay in BALB/c mice in Figure 4 indicated 
no evidence of toxicity in any of them after 7- day administration of 

F IGURE  1 Cytotoxicity assay of different concentrations of Sambucus ebulus aqueous extract using PMA- treated human monocyte 
cell line (THP1) after 48 h via MTT assay (A) S ebulus extract is only toxic to cells at higher concentrations (30 000 μg/mL); (B) PBS; and (C) 
amphotericin B (AMB) was used as negative and positive reference controls, respectively. The data are reported here as mean ± SD of three 
repeated experiments with identical outcomes
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S ebulus extract. There were no considerable changes in the body 
weight suggesting no toxicity of the different concentrations of the 
extract. All of the mice across different groups (Table 1) elucidated 
normal behaviour and body weight as followed daily. There was no 
difference between treated and untreated groups.

3.5 | Lesion development in Leishmania major 
infected BALB/c mice treated with Sambucus 
ebulus extract

The footpad lesion development across all the infected mice with 
L major was monitored weekly for 10 weeks. Four weeks after the 
treatment with extract, G2 (AMB, 8 mg/kg), G4 (SE 100 mg/kg, IM), 
G5 (SE 150 mg/kg, IM), G6 (SE 200 mg/kg, IM), G7 (SE 100 mg/kg, 
IL), G8 (SE 150 mg/kg, IL) and G9 (SE 200 mg/kg, IL) exhibited sig-
nificantly smaller lesions compared with G1 (no treatment group) 
and G3 (PBS group) (P < 0.05) (Figure 5). All of the three intralesional 
(IL) injected groups (G7, G8 and G9) had significantly smaller lesions 
compared with intramuscularly (IM) injected and control groups as 
shown in Figure 5 (P < 0.05). Note that G2 (AMB 8 mg/kg) as the 
positive control and G9 (SE 200 mg/kg, IL) among the test groups 
had the smallest lesion size among all of the groups (P < 0.05).

F IGURE  2 The inhibitory effect (IC50) of different concentrations of Sambucus ebulus aqueous extract on promastigotes of Leishmania 
major after 48 h using MTT assay; (A) the IC50 of S ebulus extract killed 50% of the parasites at the concentration of 3500 μg/mL; (B) PBS; 
and (C) amphotericin B (AMB) was used as negative and positive controls, respectively. The data are reported here as mean ± SD of three 
repeated experiments with identical outcomes

F IGURE  3 Parasite rescue and transformation assay (PRTA) and EC50 for Leishmania major amastigotes using MTT assay; (A) EC50 of 
S ebulus aquatic extract against amastigotes of L major; (B) PBS; and (C) amphotericin B (AMB) was used as negative and positive controls, 
respectively. The data are reported here as mean ± SD of three repeated experiments with identical outcomes

F IGURE  4 Evaluations of toxicity of Sambucus ebulus (SE) 
aquatic extract in BALB/c mice by assessing the vital signs such as 
body weight (mg); group GA as the control received no treatment; 
groups GB to GD received different concentrations of SE (100, 150 
and 200 mg/k) intramuscularly (IM); and GE to GF received them 
intralesionally (IL) (n = 4, 8 groups)
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3.6 | Sambucus ebulus extract reduces the parasite 
burden in the lymph nodes of BALB/c mice

The Leishmania parasite burden in the lymph node of BALB/c 
mice was assessed using conventional limiting dilution assay  
(microtitration) (Figure 6A) and quantitative real- time PCR (qPCR) 
(Figure 6B), at 8 weeks after infection in all mice groups. As dis-
played in Figure 6A,B, in G2 (AMB 8 mg/kg), G4 (SE 100 mg/kg, IM), 
G5 (SE 150 mg/kg, IM), G6 (SE 200 mg/kg, IM), G7 (SE 100 mg/kg, 
IL), G8 (SE 150 mg/kg, IL) and G9 (SE 200 mg/kg, IL), the parasite 
burden decreased significantly in the lymph nodes compared with 
both control groups including G1 (no treatment group) and G3 (PBS 
group) (P < 0.001). Intralesional- routed (IL) groups including G7 (SE 
100 mg/kg, IL), G8 (SE 150 mg/kg, IL) and G9 (SE 200 mg/kg, IL) had 
the lowest parasite burden compared with intramuscular- routed (IM) 
groups G4 (SE 100 mg/kg, IM), G5 (SE 150 mg/kg, IM) and G6 (SE 
200 mg/kg, IM) (P < 0.001). Among all groups treated with S ebulus 
extract, G9 (SE 200 mg/kg, IL) presented the lowest level of parasite 
load (P < 0.001). Importantly, the data showed no significant differ-
ence between G9 (SE 200 mg/kg, IL) and G2 (AMB 8 mg/kg). Thus, 
intralesionally treated (IL) S ebulus extract with the concentration of 
200 mg/kg and AMB have a similar efficiency with regards to the 
parasite proliferation and killing (Figure 6).

3.7 | Effects of Sambucus ebulus extract on cytokine 
production in mice

To compare the active immune responses by S ebulus extract treated 
groups and those of positive and negative controls and to find their 
functions against L major challenge in susceptible BALB/c mice, two 
important cytokine productions including IFN- γ (T- helper 1 (Th1) ef-
fector cytokine) and IL- 4 (T- helper 2 (Th2 effector cytokine) were 
evaluated (Figure 7). Concanavalin A (Con A) functioned as a positive 
control in all performed experiments (data not shown). Significantly 
higher levels of IFN- γ were found in G2 (AMB 8 mg/kg), G9 (SE 
200 mg/kg, IL), G8 (SE 150 mg/kg, IL), G7 (SE 100 mg/kg, IL), G6 (SE 
200 mg/kg, IM), G5 (SE 150 mg/kg, IM) and G4 (SE 100 mg/kg, IM), 
respectively (Figure 7A). The highest level of IFN- γ production was 
found in G2 (AMB 8 mg/kg) and G9 (SE 200 mg/kg, IL). In contrast, 
in groups including G1 (no treatment), G3 (PBS), G4 (SE 100 mg/kg, 

IM), G5 (SE 150 mg/kg, IM), G6 (SE 200 mg/kg, IM), G7 (SE 100 mg/
kg, IL), G8 (SE 150 mg/kg, IL) and G9 (SE 200 mg/kg, IL), the level of 
IL- 4 production decreased significantly with elevation of the con-
centration of S ebulus extract (P < 0 .01) (Figure 7B). Furthermore, 
we determined the ratio of both cytokines (IFN- γ/IL- 4) across all 
mice groups (Figure 7C). The data indicated that the ratio of IFN- γ 
/IL- 4 was significantly higher in groups G2 (AMB 8 mg/kg), G9 (SE 
200 mg/kg, IL), G8 (SE 150 mg/kg, IL), G7 (SE 100 mg/kg, IL), G6 (SE 
200 mg/kg, IM), G5 (SE 150 mg/kg, IM) and G4 (SE 100 mg/kg, IM), 
respectively, compared with the other controls (G1 and G3) (P < 0 
.01) (Figure 7C). The highest level of IL- 4 production was found in G1 
(no treatment), G3 (PBS) and G4 (SE 100 mg/kg, IM).

3.8 | High NO level and low ARG activity in groups 
treated with Sambucus ebulus extract

The vital amino acid, L- Arginine, is metabolized via iNOS or ARG 
based upon the important signals from the medium of macrophages. 
Inside these cells, immune responses through Th1 cytokines (IFN- γ) 
enhance the iNOS induction and NO production, while the Th2 cy-
tokines (IL- 4) promote the generation of ARG enzyme.9,35 Parasites 
clearance into macrophage cells and their survival are mediated 
through NO and ARG, respectively.9

As presented in Figure 8A, all of the S ebulus extract concentra-
tions including G4 (SE 100 mg/kg, IM), G5 (SE 150 mg/kg, IM), G6 
(SE 200 mg/kg, IM), G7 (SE 100 mg/kg, IL), G8 (SE 150 mg/kg, IL), 
G9 (SE 200 mg/kg, IL) and G2 (AMB 8 mg/kg) significantly raised the 
level of NO production as an antileishmanial compound compared 
to the G1 (no treatment) and G3 (PBS), respectively. Intralesionally 
injected (IL) groups including G9 (SE 200 mg/kg, IL), G8 (SE 150 mg/
kg, IL) and G7 (SE 100 mg/kg, IL) had the highest NO production, 
respectively, compared to intramuscularly injected groups (IM) 
(P < 0.05). Among all groups treated with S ebulus extract, G9 (SE 
200 mg/kg, IL) had the maximum rise in the NO level. This is in a 
direct correlation with the increased IFN- γ induction and the active 
cellular immunity (Th1) through intralesionally injected (IL) groups 
(G7, G8 and G9) (Figure 8A).

As we expected, ARG level was inversely reduced across all the S eb-
ulus treated groups including G4, G5, G6, G7, G8, G9 and G2, respec-
tively, when compared to the control groups (P < 0.05) (Figure 8B). As 

F IGURE  5 Lesion development/
swelling of footpad in Leishmania major 
infected BALB/c mice before and after 
treatment with Sambucus ebulus (SE) 
aquatic extract. The lesion size was 
documented by a metric caliper through 
measuring the increase in footpad 
thickness/width from 1 to 10 wk after 
infection
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presented in Figure 8, the data revealed a direct relationship between 
ARG level and NO production; when NO production was elevated, 
the ARG level diminished in the treated groups. Our data exhibited 
that G9 in the treated and G2 in control groups had the highest NO 

production, while G9 in the treated and G2 in control groups had the 
lowest ARG activity (Figure 8). According to the increasing production 
of NO and diminishing ARG activity, the cellular immune responses 
(Th1) were active through S ebulus extract treatment.

F IGURE  6 Parasite burden in the lymph nodes of distinct mice groups after infection with Leishmania major and treatment with Sambucus 
ebulus (SE) aquatic extract at 8 wk postinfection; (A) conventional limiting dilution assay; and (B) quantitative real- time PCR (qPCR) through 
two administration routes including intralesional (IL) and intramuscular (IM) (*P < 0.05, **P < 0.01, ***P < 0.001)

F IGURE  7 Evaluation of cytokine production in the supernatant of frozen and thawed (F/T) antigen- stimulated splenocytes of Sambucus 
ebulus extract treated BALB/c mice groups compared to positive and negative controls; the cytokines including (A) IFN- γ, (B) IL- 4 and (C) 
IFN- γ/IL- 4 ratio were evaluated (*P < 0.05, **P < 0.01, ***P < 0.001)

F IGURE  8 Quantification of nitric oxide (NO) production and arginase (ARG) activity in the mice treated with different concentrations of 
Sambucus ebulus extract in the spleen and footpad of BALB/c mice, respectively (n = 5); (A) NO production (μmol/L) was quantified via Griess 
assay; (B) ARG activity (mU/mL) was measured by microplate method. (*P < 0.05, **P < 0.01, ***P < 0.001)
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4  | DISCUSSION

To date, there has been an urgent increasing need to find novel al-
ternative natural drugs for the treatment of disfiguring cutaneous 
leishmaniasis capable of providing the best efficiency, high safety, 
low price and easy drug administration.13 In addition, due to lack of 
effective vaccines, the only efficient tool for fighting the disease 
is antileishmanial drugs.33 Therefore, in such a scenario, the use of 
novel herbal drugs as a natural compound such as S ebulus is one 
of the major attractive chemotherapeutic candidates for triggering 
intense and suitable immune responses in order to kill Leishmania 
inside the host macrophages’ cells.

According to WHO, approximately four- fifths of the world’s pop-
ulation, mainly in the Middle Eastern and low- income countries, meet 
their daily primary health care demands via herbal and natural thera-
pies as well as traditional medicines.39 Nowadays, in developing coun-
tries such as Iran, traditional medicine has been utilized as the main 
source of complementary or alternative medicine in new health care 
and medicinal products. The use of herbal plants in pharmaceutical 
research and the drug’s development are of uttermost importance.39 
Although the anti- inflammatory, antioxidant, anti- Helicobacter pylori 
and antigiardial activities of S ebulus extract have previously been re-
ported,20,22-24 the antileishmanial activity has not been described yet. 
Hence, to confirm the claimed traditional administration of S ebulus in 
Iranian traditional medicine (Persian traditional medicine) as a major 
source for antioxidants,21 the current work is the first comprehen-
sive study aiming to examine the main therapeutic effects of S ebulus 
aqueous extract as an antiparasitic herbal drug with the plausible im-
munoregulation of immune cells without excessive toxicity to the host 
cells and direct antileishmanial activities in in vitro and mice model.

As mentioned earlier, S ebulus has been utilized as an important 
herbal drug in traditional medicine for the treatment of different dis-
eases.20,40,41 The various medicinal activities of Sambucus species have 
been previously described including anti- Helicobacter,41 antibacterial,42 
antiviral,43 anti- inflammatory22 and radical scavenging44 effects, as well 
as inhibitory effects of interleukin 1 (IL- 1) and tumour necrosis factor- α 
(TNF- α).22 Further, it has also shown a rapid wound healing activity.20,40

In order to confirm the antileishmanial activity of S ebulus ex-
tract, cytotoxicity (CC50), inhibitory (IC50) and effective (EC50) con-
centration assessments were performed. In this work, the results 
suggested that the extract had a direct and strong action on both 
forms of L major promastigotes and amastigotes without adversely 
affecting the host macrophages. The best concentrations of the 
extract for reducing promastigotes and amastigotes growth were 
3500 and 6000 μg/mL, respectively, killing 50% of both forms of 
the parasite. The exact mechanism of action by which S ebulus kills 
the Leishmania parasites has remained unclear. Shokrzadeh and col-
leagues have found that the S ebulus has anti- Helicobacter pylori ac-
tivity.20 There is strong evidence to suggest that the extract may 
inhibit the urease and growth of Helicobacter. The possible explana-
tions for antileishmanial activity of S ebulus may involve rapid and 
intense wound healing activity of the S ebulus extract as well as inhi-
bition of parasite urease pathway.40

After in vitro assessment of S ebulus extract on L major, the aquatic 
extract was used as a safe therapeutic herbal drug in the parasite in-
fected susceptible mice. We used three distinct S ebulus extract con-
centrations (100, 150 and 200 mg/kg) and evaluated the efficiency 
of S ebulus extract in the treatment of infected BALB/c mice with 
L major. In infected BALB/c mice treated with S ebulus extract and 
AMB, the footpad swelling was lower when compared to no treat-
ment and PBS groups. In this study, we utilized two distinct methods 
for Leishmania parasite burden measurement including conventional 
limiting dilution assay (microtitration) and quantitative real- time PCR 
(qPCR). The results of both methods revealed a similarly significant 
difference between parasite burden in S ebulus extract and AMB 
treated groups compared to both control groups (no treatment and 
PBS groups). Our results suggested that the immune response to the 
S ebulus treated groups was similar to that of the AMB group. AMB 
can cause elevated NO, IFN- γ and IFN- γ/IL- 4 ratios and diminished 
arginase activity, where our data showed similar results for S ebulus. 
In other experiments, in vitro and in vivo studies have demonstrated 
that AMB can induce inflammatory cytokine with antileishmanial ac-
tivity and increase the level of IFN- γ and NO.45-47

We observed that in comparison with the control groups (no 
treatment and PBS groups), test groups especially the intralesion-
ally (IL) injected ones could intensely induce cytokines such as IFN- γ 
and NO expression as one of the reliable cell- mediated (Th1) im-
mune responses. Different studies have suggested that clearance of 
Leishmania parasite via classically activated macrophage cells (M1) is 
controlled through the production of superoxide, and they are killed 
directly by the production of NO.48,49 The possible explanation for 
this function can be increase in the direct effects of IFN- γ (as Th1 
cytokine) with the production of NO in order to induce Leishmania 
clearance, which contributes to the disease healing.49,50

Studies have demonstrated that L- arginine can be catabolized to 
urea and polyamines via ARG activity and/or NO via iNOS induction 
in activated macrophages. Th2 cytokines such as IL- 4 stimulate ARG 
activity and polyamine generation, which can help in Leishmania 
proliferation. The current data revealed that the lowest ARG activ-
ity and IL- 4 production (as Th2 cytokine) were seen across all test 
groups especially intralesionally (IL) injected samples as compared 
to both control groups (no treatment and PBS groups). In the infec-
tion caused by Leishmania parasite, IL- 4 induction (as Th2 cytokine) 
and increased ARG activity with L- arginine metabolism in alternative 
activated macrophages’ cells (M2) play a significant role in establish-
ing the infection and parasite proliferation.35,51 Both elevated IL- 4 
and maximum ARG activity are the signs of humoral immunity (Th2), 
in which the Leishmania parasite benefits from49 and have negative 
regulatory effects on cytokines in the cell- mediated response (Th1). 
Our results are in agreement with other studies.49,52,53

The ratio of IFN- γ/IL- 4 in splenocytes isolated from mice stim-
ulated with Leishmania frozen and thawed treated with S ebulus 
extract was significantly higher than that of control groups (no treat-
ment and PBS groups). Both IFN- γ (as a Th1 cytokine) and IL- 4 (as a 
Th2 cytokine) inductions are utilized as main signatures of Th1 and 
Th2 immune responses, respectively.49,53 Our results support the 
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findings of other studies demonstrating the induction of IL- 4- driven 
Th2 immune responses, which have proven to boost nonhealing re-
sponse in Leishmania infection.53,54

Notably, in both in vitro and in vivo studies, the antileishmanial 
activity of S ebulus extract was dose- dependent suggesting that with 
the rise in their concentrations, the effects of the extract were po-
tentiated. This dose- dependent activity is in agreement with other 
studies.55 In addition, in the current study, we administered two dif-
ferent treatment routes including intralesional (IL) and intramuscular 
(IM) for assessing the effects of S ebulus extract on mice infected with 
L major. Interestingly, our results indicated significant differences in 
the parasite load, IFN- γ/IL- 4 ratio, NO production and ARG activity. 
Intralesionally (IL) injected groups (G7, G8 and G9) had significantly 
smaller lesions compared with intramuscularly (IM) injected and con-
trol groups. One possible explanation for the inadequate responses to 
IM injected therapy of Leishmania infection in mice is that even low 
concentrations of the extract and AMB can reach the CL infection 
site. Our findings provide more evidence for the other studies.56,57

Altogether, our findings on in vitro assessment of CC50, IC50 
and EC50 as well as in vivo measurement of parasite burden, cyto-
kine production and ARG activity suggest that treatment of L major 
infection with the S ebulus aquatic extract as an herbal drug in 
traditional medicine is effective, safe and capable of efficiently con-
trolling L major proliferation in the infected BALB/c mice. To date, no 
documented reports have investigated the antileishmanial effects 
of S ebulus extract in mice model. Hence, the S ebulus extract may be 
an ideal herbal drug candidate and a novel alternative treatment of 
CL caused by L major which induces Th1 responses. Finally, it can be 
concluded that the use of S ebulus extract can open a novel gate for 
the treatment of neglected tropical diseases such as leishmaniasis.

ACKNOWLEDG EMENTS

This work was financially supported by Shahid Beheshti University of 
Medical Sciences with grant number 12020 to Vahid Fallah- Omrani. 
We declare that we have no conflict of interest in relation to this study.

ORCID

Alireza Badirzadeh  https://orcid.org/0000-0001-5315-2559 

R E FE R E N C E S

 1. Ponte-Sucre A, Gamarro F, Dujardin J-C, et al. Drug resistance and 
treatment failure in leishmaniasis: a 21st century challenge. PLoS 
Negl Trop Dis. 2017;11(12):e0006052.

 2. Badirzadeh A, Mohebali M, Sabzevari S, et al. Case report: first 
coinfection report of mixed Leishmania infantum/Leishmania major 
and Human Immunodeficiency Virus–Acquired Immune Deficiency 
Syndrome: report of a Case of disseminated cutaneous leishmania-
sis in Iran. Am J Trop Med Hyg. 2018;98(1):122-125.

 3. Badirzadeh A, Mohebali M, Asadgol Z, et al. The burden of leish-
maniasis in Iran, acquired from the global burden of disease during 
1990- 2010. Asian Pac J Trop Dis. 2017;7(9):513-518.

 4. Alvar J, Vélez ID, Bern C, et al. Leishmaniasis worldwide and global 
estimates of its incidence. PLoS One. 2012;7(5):e35671.

 5. Mesa LE, Vasquez D, Lutgen P, et al. In vitro and in vivo antileishma-
nial activity of Artemisia annua L. leaf powder and its potential use-
fulness in the treatment of uncomplicated cutaneous leishmaniasis 
in humans. Rev Soc Bras Med Trop. 2017;50:52-60.

 6. Lima JT, Gennari SM, Soares HS, et al. Serodiagnosis of visceral and 
cutaneous leishmaniasis in human and canine populations living in 
Indigenous Reserves in the Brazilian Amazon Region. Rev Soc Bras 
Med Trop. 2017;50:61-66.

 7. Hashemi SA, Badirzadeh A, Sabzevari S, Nouri A, Seyyedin M. First 
case report of atypical disseminated cutaneous leishmaniasis in an 
opium abuser in Iran. Rev Inst Med Trop Sao Paulo. 2018;60:e5.

 8. Badirzadeh A, Taheri T, Abedi-Astaneh F, et al. Arginase activity 
of Leishmania isolated from patients with cutaneous leishmaniasis. 
Parasite Immunol. 2017;39(9):e12454-n/a.

 9. Montakhab-Yeganeh H, Abdossamadi Z, Zahedifard F, et al. 
Leishmania tarentolae expressing CXCL- 10 as an efficient immuno-
therapy approach against Leishmania major- infected BALB/c mice. 
Parasite Immunol. 2017;39(10):e12461-n/a.

 10. Desjeux P. Leishmaniasis: current situation and new perspectives. 
Comp Immunol Microbiol Infect Dis. 2004;27(5):305-318.

 11. Aronson N, Herwaldt BL, Libman M, et al. Diagnosis and Treatment of 
Leishmaniasis: clinical Practice Guidelines by the Infectious Diseases 
Society of America (IDSA) and the American Society of Tropical 
Medicine and Hygiene (ASTMH)*. Am J Trop Med Hyg. 2017;96(1):24-45.

 12. Berman J. Current treatment approaches to leishmaniasis. Curr Opin 
Infect Dis. 2003;16(5):397-401.

 13. de Oliveira-Silva F, de Morais-Teixeira E, Rabello A. Antileishmanial 
activity of azitahromycin against Leishmania (Leishmania) amazon-
ensis, Leishmania (Viannia) braziliensis, and Leishmania (Leishmania) 
chagasi. Am J Trop Med Hyg. 2008;78(5):745-749.

 14. Hadighi R, Boucher P, Khamesipour A, et al. Glucantime- resistant 
Leishmania tropica isolated from Iranian patients with cutaneous 
leishmaniasis are sensitive to alternative antileishmania drugs. 
Parasitol Res. 2007;101(5):1319-1322.

 15. Heidari-Kharaji M, Badirzadeh A, Khadir F, Soori M, Nilforoushzadeh 
MA. Herbal drugs with promising anti- leishmanial activity: new 
hope for leishmaniasis treatment. J Skin Stem Cell. 2016;3(2):e66527.

 16. Demarchi IG, Terron M, Thomazella MV, et al. Antileishmanial and 
immunomodulatory effects of the essential oil from Tetradenia ri-
paria (Hochstetter) Codd. Parasite Immunol. 2016;38(1):64-77.

 17. Singh N, Mishra BB, Bajpai S, Singh RK, Tiwari VK. Natural prod-
uct based leads to fight against leishmaniasis. Bioorg Med Chem. 
2014;22(1):18-45.

 18. López R, Cuca LE, Delgado G. Antileishmanial and immuno-
modulatory activity of Xylopia discreta. Parasite Immunol. 
2009;31(10):623-630.

 19. Schwaiger S, Zeller I, Pölzelbauer P, et al. Identification and phar-
macological characterization of the anti- inflammatory principal of 
the leaves of dwarf elder (Sambucus ebulus L.). J Ethnopharmacol. 
2011;133(2):704-709.

 20. Shokrzadeh M, Saravi SS. The chemistry, pharmacology and clin-
ical properties of Sambucus ebulus: a review. J Med Plants Res. 
2010;4(2):095-103.

 21. Jabbari M, Hashempur MH, Razavi SZE, Shahraki HR, Kamalinejad 
M, Emtiazy M. Efficacy and short- term safety of topical Dwarf Elder 
(Sambucus ebulus L.) versus diclofenac for knee osteoarthritis: a 
randomized, double- blind, active- controlled trial. J Ethnopharmacol. 
2016;188(Supplement C):80-86.

 22. Yesilada E. Evaluation of the anti- inflammatory activity of the 
Turkish medicinal plant Sambucus ebulus. Chem Nat Compd. 
1997;33(5):539-540.

	23.	 Balkan	 İA,	 Akülke	 AZ,	 Bağatur	 Y,	 et	 al.	 Sambulin	 A	 and	 B,	 non-	
glycosidic iridoids from Sambucus ebulus, exert significant in vitro 

https://orcid.org/0000-0001-5315-2559
https://orcid.org/0000-0001-5315-2559


     |  11 of 11HEIDARI- KHARAJI Et Al.

anti- inflammatory activity in LPS- induced RAW 264.7 macrophages 
via inhibition of MAPKs’s phosphorylation. J Ethnopharmacol. 
2017;206:347-352.

 24. Rahimi-Esboei B, Ebrahimzadeh M, Gholami S, Falah-Omrani V. 
Anti- giardial activity of Sambucus ebulus. Eur Rev Med Pharmacol Sci. 
2013;17(15):2047-2050.

 25. Abdala S, Dévora S, Martín-Herrera D, Pérez-Paz P. Antinociceptive 
and anti- inflammatory activity of Sambucus palmensis link, an en-
demic Canary Island species. J Ethnopharmacol. 2014;155(1):626-632.

 26. Kharaji MH, Doroud D, Taheri T, Rafati S. Drug targeting to macro-
phages with solid lipid nanoparticles harboring paromomycin: an in 
vitro evaluation against L. major and L. tropica. AAPS PharmSciTech. 
2015;17:1-10.

 27. Jain SK, Sahu R, Walker LA, Tekwani BL. A parasite rescue and 
transformation assay for antileishmanial screening against intra-
cellular Leishmania donovani amastigotes in THP1 human acute 
monocytic leukemia cell line. J Vis Exp: JoVE. 2012;70:e4054. doi: 
10.3791/4054.

 28. Sadeghi S, Seyed N, Etemadzadeh M-H, Abediankenari S, Rafati 
S, Taheri T. In vitro infectivity assessment by drug susceptibility 
comparison of recombinant Leishmania major expressing enhanced 
green fluorescent protein or EGFP- luciferase fused genes with 
wild- type parasite. Korean J Parasitol. 2015;53(4):385-394.

 29. Giudice A, Camada I, Leopoldo PT, et al. Resistance of Leishmania 
(Leishmania) amazonensis and Leishmania (Viannia) braziliensisto 
nitric oxide correlates with disease severity in Tegumentary 
Leishmaniasis. BMC Infect Dis. 2007;7(1):7.

 30. Dutta A, Bandyopadhyay S, Mandal C, Chatterjee M. 
Development of a modified MTT assay for screening antimonial 
resistant field isolates of Indian visceral leishmaniasis. Parasitol Int. 
2005;54(2):119-122.

 31. Shivahare R, Ali W, Singh US, et al. Immunoprotective effect 
of lentinan in combination with miltefosine on Leishmania- 
infected J- 774A.1 macrophages. Parasite Immunol. 2016;38(10): 
618-627.

 32. Heidari-Kharaji M, Taheri T, Doroud D, Habibzadeh S, Badirzadeh 
A, Rafati S. Enhanced paromomycin efficacy by Solid Lipid 
Nanoparticle formulation against Leishmania in mice model. Parasite 
Immunol. 2016;38:599-608.

 33. Heidari-Kharaji M, Taheri T, Doroud D, Habibzadeh S, Rafati S. 
Solid lipid nanoparticle loaded with paromomycin: in vivo efficacy 
against Leishmania tropica infection in BALB/c mice model. Appl 
Microbiol Biotechnol. 2016;100:1-10.

 34. Titus RG, Marchand M, Boon T, Louis J. A limiting dilution assay 
for quantifying Leishmania major in tissues of infected mice. Parasite 
Immunol. 1985;7(5):545-555.

 35. Badirzadeh A, Taheri T, Taslimi Y, et al. Arginase activity in patho-
genic and non- pathogenic species of Leishmania parasites. PLoS 
Negl Trop Dis. 2017;11(7):e0005774.

 36. Corraliza IM, Campo ML, Soler G, Modolell M. Determination of ar-
ginase activity in macrophages: a micromethod. J Immunol Methods. 
1994;174(1–2):231-235.

 37. Getaneh A, Tamrat A, Tadesse K. Arginase activity in peripheral 
blood of patients with intestinal schistosomiasis, Wonji, Central 
Ethiopia. Parasite Immunol. 2015;37(7):380-383.

 38. Kropf P, Fuentes JM, Fähnrich E, et al. Arginase and polyamine syn-
thesis are key factors in the regulation of experimental leishmania-
sis in vivo. FASEB J. 2005;19(8):1000-1002.

 39. Mohammadi A, Mansoori B, Baradaran PC, et al. Urtica dioica ex-
tract inhibits proliferation and induces apoptosis and related gene 
expression of breast cancer cells in vitro and in vivo. Clin Breast 
Cancer. 2017;17:463-470.

	40.	 Süntar	IP,	Akkol	EK,	Yalçın	FN,	Koca	U,	Keleş	H,	Yesilada	E.	Wound	
healing potential of Sambucus ebulus L. leaves and isolation of an 

active component, quercetin 3- O- glucoside. J Ethnopharmacol. 
2010;129(1):106-114.

	41.	 Yeşilada	E,	Gürbüz	İ,	Shibata	H.	Screening	of	Turkish	anti-	ulcerogenic	
folk remedies for anti- Helicobacter pylori activity. J Ethnopharmacol. 
1999;66(3):289-293.

 42. Neto CC, Owens CW, Langfield RD, et al. Antibacterial activity of 
some Peruvian medicinal plants from the Callejon de Huaylas. J 
Ethnopharmacol. 2002;79(1):133-138.

 43. Martinez MJA, Del Olmo LMB, Benito PB. Antiviral activities 
of polysaccharides from natural sources. Stud Nat Prod Chem. 
2005;30:393-418.

 44. Dawidowicz AL, Wianowska D, Baraniak B. The antioxidant proper-
ties of alcoholic extracts from Sambucus nigra L.(antioxidant prop-
erties of extracts). LWT- Food Sci Technol. 2006;39(3):308-315.

 45. Mozaffarian N, Berman JW, Casadevall A. Enhancement of nitric 
oxide synthesis by macrophages represents an additional mech-
anism of action for amphotericin B. Antimicrob Agents Chemother. 
1997;41(8):1825-1829.

 46. Murray HW, Delph-Etienne S. Roles of endogenous gamma inter-
feron and macrophage microbicidal mechanisms in host response to 
chemotherapy in experimental visceral leishmaniasis. Infect Immun. 
2000;68(1):288-293.

 47. Modolell M, Choi B-S, Ryan RO, et al. Local suppression of T cell 
responses by arginase- induced L- arginine depletion in nonhealing 
leishmaniasis. PLoS Negl Trop Dis. 2009;3(7):e480.

 48. Horta MF, Mendes BP, Roma EH, et al. Reactive oxygen spe-
cies and nitric oxide in cutaneous leishmaniasis. J Parasitol Res. 
2012;2012:1-11.

 49. Abdossamadi Z, Seyed N, Zahedifard F, et al. Human Neutrophil 
Peptide 1 as immunotherapeutic agent against Leishmania infected 
BALB/c mice. PLoS Negl Trop Dis. 2017;11(12):e0006123.

 50. Alexander J, Bryson K. T helper (h) 1/Th2 and Leishmania: paradox 
rather than paradigm. Immunol Lett. 2005;99(1):17-23.

 51. Wanasen N, Soong L. L- arginine metabolism and its impact 
on host immunity against Leishmania infection. Immunol Res. 
2008;41(1):15-25.

 52. Kedzierski L, Evans KJ. Immune responses during cutaneous and 
visceral leishmaniasis. Parasitology. 2014;141(12):1544-1562.

 53. Lazarski CA, Ford J, Katzman SD, Rosenberg AF, Fowell DJ. IL- 4 
attenuates Th1- associated chemokine expression and Th1 traffick-
ing to inflamed tissues and limits pathogen clearance. PLoS One. 
2013;8(8):e71949.

 54. Hurdayal R, Brombacher F. The role of IL- 4 and IL- 13 in cutaneous 
Leishmaniasis. Immunol Lett. 2014;161(2):179-183.

 55. Ebrahimzadeh M, Nabavi S, Nabavi S. Antioxidant activities of 
methanol extract of Sambucus ebulus L. flower. Pakistan J Biol Sci. 
2009;12(5):447.

 56. Tareen A, Ahmad SA, Khan I. Comparison of the efficacy of intral-
esional versus intramuscular injection Meglumine Antimoniate in 
the treatment of sores of Cutaneous Leishmaniasis. Int J Pathol. 
2016;14(1).

 57. Alkhawajah A, Larbi E, Al-Gindan Y, Abahussein A, Jain S. 
Treatment of cutaneous leishmaniasis with antimony: intramus-
cular versus intralesional administration. Ann Trop Med Parasitol. 
1997;91(8):899-905.

How to cite this article: Heidari-Kharaji M, Fallah-Omrani V, 
Badirzadeh A, et al. Sambucus ebulus extract stimulates cellular 
responses in cutaneous leishmaniasis. Parasite Immunol. 
2019;41:e12605. https://doi.org/10.1111/pim.12605

https://doi.org/10.1111/pim.12605

