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Abstract 
Background: Due to numerous side effects of common drugs in treatment of 
leishmaniasis, new therapeutic approaches focus on herbal compounds. Therefore, 
we aimed to determine the effect of crocin and stigmasterol on in-vitro growth of 
promastigotes and amastigotes of Leishmania major in the Department of Parasitolo-
gy, Pasteur Institute, Tehran, Iran in 2018.  
Methods: The effect of different concentrations of crocin and stigmasterol were 
evaluated by determining their in-vitro inhibitory effects on promastigotes and 
amastigotes of the L. major using MTT assay. 
Results: The fatality rate was 65.27% and 71.96% for crocin and stigmasterol re-
spectively at 24 h post-culture in concentration of 50 μg/mL. The mean inhibitory 
effect of crocin and stigmasterol on L major amastigotes after 72 h were 52.22% 
and 38.96%. 
Conclusion: The crocin and stigmasterol had efficient adverse effects on pro-
mastigote and amastigotes of L. major, hence, further studies on the anti-leishmanial 
effects of these herbal compounds in human and animal models are recommended. 
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Introduction 
 

eishmaniasis is a group of protozoan 
diseases commonly found in both hu-
man and animal (Zoonoses) (1). Cuta-

neous lleishmaniasis (also known as oriental 
sore, tropical sore, chiclero ulcer, Aleppo boil) 
is the most common form of leishmaniasis in L 
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both dry (urban) and wet (rural) forms world-
wide including Iran (2). It has been considered 
as one of the six major diseases in the World 
Health Organization's Tropical Diseases Sur-
vey (3), about 19000 cases of reported annual-
ly (4, 5). 

Unfortunately, despite the high prevalence 
of cutaneous leishmaniasis in Iran, no efficient 
prevention and treatment method has been 
proposed. Therefore, efforts to discover new 
drugs with the least side effects need to be 
continued more decisively (6). Systemic thera-
pies are the first line of treatment against 
leishmaniasis (7). These compounds are toxic 
to parasites. Long duration of treatment, para-
sites resistance, high expense, and severe tox-
icity on the heart, liver and kidney could be 
referred as the most notable disadvantages of 
these drugs. Keeping in view these facts, re-
searchers are trying to use plant compounds 
to treat leishmaniasis (8). Commonly, useful 
botanical compounds are identified through 
study of plant extracts. In a study, it was col-
lected the Iranian traditional herbal remedies 
against leishmaniasis. Many native plants con-
stituents such as Zajuria multiflora Boiss, Law-
sonia inermis, Calendula officinalis, Nerium oleander, 
etc. have been effective in controlling the dis-
ease in different studies (9). 

Crocin is one of the most consequential al-
kaloids ingredients in plants such as saffron, 
and many of its helpful effects on health, such 
as antioxidant, anti-cancer, learning and 
memory invigoration effects, have been prov-
en in many studies (10). On the other hand, 
stigmasterol is also an herbal sterol with bene-
ficial therapeutic functions, including anti-
inflammatory, anti-cancer effects, as well as 
protective influence on the immune system 
(11).  

Considering the importance of using plant 
compounds, the main objective of the present 
study was the in-vitro investigation of benefi-
cial effects of the two herbal compounds, 
crocin and stigmasterol, on L. major standard 
strain (MHOM/IR/75/ER).  

 

Materials and Methods  
Our study has the control group included L. 

major promastigotes, uninfected macrophage 
and infected macrophage by L. major without 
crocin and stigmasterol, and case group in-
cluding promastigotes of L. major, uninfected 
macrophages and macrophage infected with L. 
major treated with different doses of crocin 
and stigmasterol. This project was performed 
in the Department of Parasitology, Pasteur 
Institute, Tehran, Iran in 2018. 

 
Parasite culture 

L. major standard strains 
(MHOM/IR/75/ER) were prepared from 
Parasitology Department of Pasteur Institute 
of Iran and cultured in flasks containing 
RPMI-1640 medium with 7%-10% inactivated 
FCS. 
 
Preparation of different concentrations of 
crocin and stigmasterol 

About 1 mg of crocin and stigmasterol 
powders purchased from Sigma Company, 
dissolved in 200 μl of methanol separately and 
various concentrations including 1.61, 3.12, 
6.24, 12.5, 25, 50 μg / mL were prepared from 
both compounds dissolving in the RPMI-1640 

medium and stored in the 4 C (12). The con-
centrations of crocin and stigmasterol were 
calculated according to Table 1.  
 
Promastigotes viability Determination 

107 parasites were cultured in 96-well plates 
in RPMI-1640 medium with 10% bovine se-
rum. Crocin and Stigmasterol, with final con-
centrations of 1.61, 3.12, 6.24, 12.5, 25, 50 
μg/mL were added to the wells in three repe-
titions (triplicate) (13). The wells were exam-
ined 24 h post-culture by MTT method in 
which 20μl of MTT solution was added into 
wells and incubated at 37 °C in the dark for 2 
to 5 hours. After centrifuging at 2500 rpm, the 
supernatant was discarded and 20μl of DMSO 
added and light absorption at 650 nm was ex-
amined (14). 
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Table 1: Calculation of different concentrations of crocin and stigmometol compounds 

 

Ccompounds 
(Concentration (μg/ml)) 

      

Crocin 
Mass 
(Microgram) 

 
1.61 

 
3.12 

 
6.24 

 
12.5 

 
25 

 
50 

Concentration 
(micromolar) 

1.6377 3.1936 6.3872 12.7948 25.5896 51.179 

Volume 
(Milliliter) 

1      

m. weight 
(g/mol) 

976.96      

Stigmasterol       
Mass 
(Microgram) 

1.61 3.12 6.24 12.5 25 50 

Concentration 
(Micromolar) 

3.877 7.754 15.1203 30.2891 60.5782 121.1563 

Volume 
(Milliliter) 

1      

m. weight 
(g/mol) 

412.69      

 
Amastigotes viability Determination 

To evaluate the EC50 of crocin and stigmas-
terol on L. major amastigotes, mouse macro-
phage J774A.1 cells were used. Primarily, the 
macrophage cells cultured in RPMI-1640 and 
incubated at 37 °C with CO2 5% for allowing 
them to adhere and were then exposed to L. 
major promastigotes. To infect macrophages, 
106 promastigotes of the parasite added to 
each well-containing macrophage and kept at 
37 °C with CO2 5%. After 6 h, the superna-
tant discarded to remove the unshielded mac-
rophages, fresh culture medium were replaced, 
and solution light absorption was measured by 
MTT assay. 

 
Statistical Analysis 

The experiment was arranged in Completely 
Randomized Design (CRD) with three replica-
tions per treatment. All data were assessed by 
using SPSS version 20.0. (Chicago, IL, USA). 
The homogeneity of variance was checked 
using One-Sample Kolmogorov-Smirnov Test. 
Differences between treatment means in all 

experiments were analyzed based on Scheffea 
test using the probability of five percent.  

 

Results 
 

The mean of promastigotes counted in wells 
containing various concentrations of crocin 
and stigmasterol (0, 1.61, 3.12, 6.24, 12.5, 25, 
50 μg/mL) were 15.77, 12.87, 12.61, 11.54, 
8.51, 5.79, 5.49 (Fig. 1.A) and 7.12, 6.41, 5.85, 
5.87, 4.55, 2.49, 1.99, respectively (Fig. 1.B). 
The results of One-Sample Kolmogorov-
Smirnov Test clearly confirmed the homoge-
neity of variance in both of crocin (P=0.79) 
and stigmasterol (P=0.52) groups. According 
to the findings, the mean number of pro-
mastigotes showed highly significant differ-
ences in different concentrations of crocin 
(P≤0.0001). The mean number of pro-
mastigotes counted stigmasterol was also sig-
nificantly different (P≤0.0001). In different 
concentrations ranging from 0 to 50 μg/mL). 
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Fig. 1: The means and standard errors of promastigotes counted in different concentrations of A) crocin, and 

B) stigmasterol 

 
According to Fig. 2, the graphs determined 

that all examined concentrations of crocin and 
stigmasterol had a significant effect on the 
number of parasites compared to control 
group. In another word, by increasing the 
concentration, there was a significant decrease 
in the number of parasites. After 24 h, the 
concentration of crocin and 19 of stigmasterol 
causes 50% of the parasite population to be 
dead. The lowest concentration of stigmaster-
ol showed 10.07% growth inhibitory effect 
after 24 h and higher concentrations were 
more efficient so that at 50 and 25 μg/ml, the 
percentage of fatality was reported to be 
71.96% and 65.03%, respectively. 

 
The light absorption indicated less para-
sites exist in higher concentrations 

As shown in Table 1, the optical density (15) 
decreased when the concentration of extrac-
tions increased from 0 to 50 μg/mL. The OD 
was 0.95 in 1.61 μg/mL of Crocin; meanwhile, 
the OD reached the lowest number (0.49) in 
the highest concentration (50 μg/mL). The 
same pattern could observe in various concen-
trations of stigmasterol showing that more the 
concentrations increased, more the OD de-
creased (Table 2).  

 
Table 2: The measured OD of crocin and stigmasterol in various concentrations 

 

Concentration (μM) OD* 
Crocin Stigmasterol Crocin Stigmasterol 

0 ** 0 ** 1.40 ±0.003 9.80 ±0.08 
1.6 3.8 0.95 ±0.07 0.68 ±0.11 
3.1 7.7 0.81 ±0.01 0.63 ±0.08 
6.3 15.1 0.85 ±0.02 0.61 ±0.44 
12.7 30.2 0.77 ±0.02 0.49 ±0.13 
25.5 60.5 0.71 ±0.04 0.32 ±0.02 
51.1 121.1 0.49 ±0.02 0.22 ±0.15 

* Data are presented in Mean ± SD 
** Control group 
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L. major promastigotes exposing to high 
concentrations has been led to death more in 
comparison to counterparts exposed to low 
concentrations in both crocin and stigmasterol 
extractions (Fig. 2). The crocin had better in-

hibitory effect in lower concentrations. How-
ever, in higher concentrations including 25 
μg/mL and 50 μg/mL, the stigmasterol ex-
traction had efficacy compared to crocin (Fig. 
3). 

 

 
 

Fig. 2: The growth inhibitory effect of different concentrations of crocin and stigmasterol on L. major pro-
mastigotes Standard strain in RPMI 1640 after 24 h 

 

 
 

Fig. 3: The crocin and stigmasterol inhibitory effect on L. major promastigote standard strain in dif-
ferent concentrations ranging from 0 to 50 μg/mL 

 
The mean of amastigotes counted in each 

macrophage decreased after 72 h in control, 
Crocin-treated and Stigmasterol-treated 
groups in three treatments. Table 3 shows the 
mean number of amastigotes counted in 100 
macrophages in control, Crocin-treated and 
Stigmasterol-treated groups in the three treat-

ments (Table 2). The mean inhibitory effect of 
these compounds on L. major amastigotes has 
been measured 52.2% and 38.96% for crocin 
and Stigmasterol, respectively. The results in-
dicate the higher efficiency of crocin anti-
leishmaniasis effect compared to stigmasterol 
(Table 2).  
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Table 3: The crocin and stigmasterol EC50 inhibition activity on L. major promastigote standard strain 

 

Groups Mean  

(100 macrophages 106) 

Growth inhibitory (%) 

Crocin Stigmasterol Crocin Stigmasterol 

Treated Control 1 2.25 2.79 0 0 

Crocin/ stigmasterol treated 1 1.06 1.61 52.48 42.2 
Treated Control 2 2.17 3.04 0 0 
Crocin/ stigmasterol treated 2 0.99 1.88 57.64 38.18 
Treated Control 3 2.21 2.89 0 0 
Crocin/ stigmasterol treated 3 1.18 1.83 46.48 36.51 

 

Discussion 
 

Leishmaniasis is a group of parasitic diseases 
caused by the protozoan Leishmania species 
(16). Annually, between 1.5 and 2 million 
people suffer from cutaneous leishmaniasis 
globally, 90% of whom live in 9 countries, in-
cluding Iran (17). Since the efforts for design-
ing vaccine has failed in clinical trials so far, 
there is a dire need for new treatments. Herbal 
bioactive compounds extracted from a variety 
of plants exhibit anti-leishmanial properties 
(18).  

Traditional medicine, particularly those are 
based on the use of plants, has been regarded 
as an ancient root stone to prevent and treat 
many infections from centuries ago to now 
(19, 20). Natural products and their derivatives 
that are originated from plants have potential 
activities against microbial agents including 
parasites (21, 22).  
 Stigmasterol has been shown to stimulate cy-
tokines release by which the differentiation of 
CD4+ T cells into Th1 cells occurs (23). Mac-
rophages, are known as parasite host cells and 
presents parasitic antigens to immune cells 
(24). Stigmasterol can stimulate cellular im-
munity and activates macrophage cells and 
natural killers cells (NKs) (25). 

In a study, anticoagulant activity and the ef-
fects of immune modulation of tannins were 
investigated. The effects of polyphenol on in-
tracellular leishmaniasis parasites are due to 

activation of macrophages instead of direct 
antiparasitic activity (26).  

Stigmasterol induce the caspase-3 activation 
and anti-apoptotic protein Bcl-2 decrement 
and thus results in apoptosis (27). L. major 
contributes to its survival in the host body by 
preventing the release of cytochrome C from 
mitochondria and as a result, harnesses Caspa-
se-3 activation and apoptosis in infected mac-
rophage (28). Phytosterols such as stigmaster-
ol trigger the activation of Caspase-3 and in-
duce internal pathways apoptosis (mitochon-
drial) (29). In addition to activating caspase, 
stigmasterol increases the production and ac-
tivation of certain enzymes involved in the L. 
delimitation, such as calmodulin and cellular 
kinases (30).  

The investigation of Inhibitory effect of saf-
fron and its major components, Safranal and 
Crocin, revealed that Helicobacter pylori was vul-
nerable to saffron aquatic and alcoholic ex-
tracts (31). Safranal and crocin had more anti-
bacterial effects in comparison to alcoholic 
extracts (15). In this regard, the Iranian native 
plants had potential therapeutic effects on cu-
taneous leishmaniasis. They pointed to medic-
inal plants of different parts in Iran, although 
the saffron compounds were not named due 
to expensive, the high prevalence of leishman-
iasis in Khorasan Province and the abundance 
of this product in the city shows the im-
portance of the effective compounds in this 
Area (32). 
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Two herbal compounds of saffron, stigmas-
terol and crocin had concentration-dependent 
inhibitory effect on the growth of L. major 
amastigotes and promastigotes in macrophage 
cells. As expected, we deduced that the higher 
concentration of stigmasterol and crocin ac-
company the lower growth rate of the parasite. 
Therefore, the survival rate of the parasite 
promastigote and amastigote is also dependent 
on the concentration of these compounds.  

 
Conclusion 
 

Since stigmasterol and crocin have anti-
leishmaniasis influence in-vitro, the in-vivo 
studies in animal models are recommended in 
achieving the appropriate medicine combina-
tion in the treatment of cutaneous leishmania-
sis. 
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