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Abstract 
Background: Recent studies have shown an increasing number of patients with cutaneous 
leishmaniasis (CL) who do not respond to pentavalent antimonials as the first line of treat-
ment for CL. Nanocarriers such as extracellular vesicles (EVs) are efficient vehicles that might 
be used as drug delivery systems for the treatment of diseases. Therefore, we aimed to isolate 
and characterize the EVs of Leishmania major, load them with Amphotericin B (AmB), and 
investigate the toxicity and efficacy of the prepared drug form.  
Methods: The EVs of L. major were isolated, characterized, and loaded with amphotericin B 
(AmB), and the EVs-Amphotericin B (EVs-AmB) form was synthesized. Relevant in vitro 
and in vivo methods were performed to evaluate the toxicity and efficacy of EVs-AmB com-
pared to the control. 
Results: The anti-leishmanial activity of the EVs-AmB showed a higher percentage inhibition 
(PI%) (P = 0.023) compared to the AmB at different concentrations and time points. Ob-
tained data showed a significant increase in the lesion size and parasite load in the lesion, PBS, 
and EVs mice groups in comparison with EVs-AmB, AmB, and Glucantime groups (P < 
0.05), EVs-AmB had a significant decrease in lesion sizes in comparison with AmB (P < 
0.05). Results showed that EVs-AmB decreased its toxicity to the kidneys and liver (P < 0.05).  
Conclusion: EVs-AmB improved the efficacy of AmB in mouse skin lesions and reduced 
hepatorenal toxicity. Furthermore, EVs could be a promising nanoplatform for the delivery of 
AmB in CL caused by L. major. 
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Introduction 
 

eishmaniasis is a neglected tropical dis-
ease (NTD) caused by over 20 species 
of protozoan Leishmania parasites and is 

known to be endemic in 98 out of 197 coun-
tries.  Cutaneous leishmaniasis is the most 
common form of this disease in the Middle 
East, mainly caused by L. major and L. tropica, 
identified by ulcerative skin lesions on ex-
posed parts of the body resulting in life-long 
scar (1-7). 

The causative agents of cutaneous leishman-
iasis (CL) in Iran are L. major and L. tropical, 
which respectively are responsible for 67.3% 
and 32.1% of cases of CL. Every year about 
20,000 new cases of CL are reported by the 
disease control centers in 25 of the 31 prov-
inces in Iran (8-10). 

Pentavalent antimonials have been applied 
for many years and are widely administered 
for leishmaniasis treatment. However, these 
agents are highly toxic, with severe side effects, 
which can be life-threatening (11, 12). As ex-
pected, the emergence of drug resistance due 
to non-standard drug regimens is another 
concern (13). In recent years, due to the emer-
gence of antimonial resistance in Iran, ampho-
tericin B (AmB), paromomycin, miltefosine, 
and sitamaquine are applied alone or in com-
bination with antimonials to replace the old 
therapeutics (14, 15). 

Nanoplatforms can effectively push the bar-
riers of drug resistance and adverse reactions 

by improving drug delivery and absorption (16, 
17). In this regard, liposomal AmB has been 
using as a new treatment for leishmaniasis. It 
was the less toxic and therefore better tolerat-
ed, more bioavailable, and with a short half-
life in blood circulation (18). 

Extracellular vesicles (EVs) are small cell-
derived vesicles that naturally circulate in body 
fluids as an intracellular communication 
mechanism (19). Their content is believed to 
mediate the immunomodulatory effect (20). 
Recently, EVs have been introduced as nano-
delivery systems with superior properties to 
synthetic nanocarriers. They have longer circu-
lation half-life and an innate immunomodula-
tory effect. (21, 22).  

In this study, an EV-based formulation of 
the deoxycholate form of AmB (EVs-AmB) 
was prepared and evaluated for efficacy and 
toxicity in in vitro and in vivo studies. In brief, 
EVs have been purified and characterized 
from L. major culture media. AmB was incor-
porated into EVs by simple incubation, and 
the prepared formulation and free drug were 
compared for efficacy, toxicity, and half-
maximal inhibitory concentration (IC50) in 
macrophage cell culture. Subsequently, inocu-
lated animals were treated with EVs-AmB, 
AmB, EVs, and positive and negative controls 
and the efficacy of this therapeutic strategy 
was evaluated by relevant in vivo methods 
(Fig. 1). 

 

 
 

Fig. 1: The schematic illustration of the study (Re-shaped after www.biorender.com) 
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Material & Methods 
 

Cell culture 
This experimental study was conducted at 

Tehran University of Medical Sciences in 
2019-2022. L. major promastigotes 
(MRHO/IR/75/ER strain) were cultured at 
25±1 °C in RPMI 1640 medium (Gibco, 
Germany) supplemented with 10% heat-
inactivated fetal bovine serum (FBS; Gibco, 
Germany), and penicillin-streptomycin (pen-
strep; Merck KGaA, Germany). The medium 
was refreshed every five days, and pro-
mastigotes were isolated in the stationary 
phase. 

The murine macrophage cell line (RAW 
264.7) was cultured in FBS, and pen/strep 
supplemented high-glucose Dulbecco’s Modi-
fied Eagle Medium (DMEM; Gibco, Germa-
ny) at 37 °C with 5% CO2 according to the 
relevant guidelines (15). 

 
Purification of EVs 

EVs were purified from the culture media of 
promastigotes in the stationary phase. The 
isolation process was performed according to 
an ultracentrifugation-based method (23). In 
brief, the media were harvested and centri-
fuged at 2000 g for 10 min to remove the cel-
lular debris. The supernatant was centrifuged 
at 20,000 g for 30 min. The supernatant was 
transferred to ultracentrifuge tubes and ultra-
centrifuged at 110,000 g for 70 min (L5-65 
Ultracentrifuge, Beckman Coulter, Type 60 Ti 
Rotor, USA). The pellet was washed once 
with cold PBS and ultracentrifuged again un-
der the same prementioned condition. All 
procedures were carried out at 4 ºC. Finally, 
the pellet was resuspended in PBS, aliquoted, 
and stored at -80 ºC. 

 
Characterization of EVs 

According to the relevant guidelines, EVs 
were characterized regarding the presence of 
specific protein markers (CD6, CD63, 
TSG1021, and Calnexin), size, and morpholo-

gy (24). All tests repeat in duplicate and tripli-
cate.  

 
Identification 

 
Bicinchoninic acid (BCA) protein assay 

Protein concentration was estimated by the 
BCA method using bovine serum albumin 
(BSA) as a standard. In Brief, 5 μL of the 
sample was added in triplicate to a 96-well mi-
croplate containing 100 μL of BCA reagent 
(DNAbiotech, Iran). The plate was incubated 
at 37 °C for 30 min and the results were read 
at 560 nm (25). 

 
Western blotting 

Briefly, a 20 µg EV sample was dissolved in 
sample buffer, sonicated and boiled at 95 °C 
for 5 min, and subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) using Mini-Protein II electro-
phoresis cells (Bio-Rad, USA), as described 
earlier (24, 26). The proteins were visualized 
using the Coomassie brilliant blue. For west-
ern blotting, separated protein bands were 
transferred (25 V, 150 min) into a polyvinyli-
dene fluoride (PVDF) membrane (GE 
Healthcare, USA). The membrane was 
blocked with 5% BSA for an hour, then 
washed and incubated overnight at 4 °C with a 
primary antibody. Primary antibodies include 
Calnexin (1:500, Santa Cruz, USA), CD63 
(1:500, Santa Cruz, USA), CD9 (1:500, Santa 
Cruz, USA), and TSG 101 (1:500, Santa Cruz, 
USA). Then, the blot was washed and treated 
with a secondary anti-mouse (1:50000, Sigma-
Aldrich, Germany) for two hours. The band 
conjugates were detected by enhanced chemi-
luminescence (ECL) detection reagent (Amer-
sham, GE Healthcare, Buckinghamshire, UK) 
visualized by the Uvitec documentation sys-
tem (UK). 
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Size distribution 
Size distribution and polydispersity index 

(PDI) of EVs were determined (in triplicate) 
by dynamic light scattering (DLS) on a Mal-
vern Zetasizer (UK) at room temperature. To 
avoid aggregation, the sample was sonicated 
for 5 seconds before assay (27). 

 
Morphology 

Briefly, 20 µl of EVs was placed on a car-
bon-coated grid and air-dried for 20 min, 
washed three times with PBS, fixed with 2.5% 

glutaraldehyde for 10 min, and then imaged by 
KYKY-EM3200 (China) for scanning electron 
microscopy (SEM) (27). 

 
Drug Loading into EVs 

Several loading studies were performed with 
different loading parameters (in duplicate) to 
achieve an optimized formulation. The load-
ing methods were based on a two-hour incu-
bation with or without prior sonication. Fur-
ther details of drug loading methods were 
summarized in Table 1. 

 
Table 1: Drug loading strategies. The details of different loading studies of EVs-AmB based on 2-hour in-

cubation. 

Formulation 
EV:Drug 

ratio (µg:µg) 
Sonication Sonication 

time (s) 
Incubation 
temperature Bath Probe 

1 70:50 - - - RT 

2 70:500 - - - RT 

3 70:50  - 30 RT 

4 70:500  - 30 RT 

5 70:50  - 60 RT 

6 70:500  - 60 RT 

7 70:500 - - - BT 

8 70:500 -  30 RT 

BT: body temperature; RT: room temperature 
 
After the encapsulation process, EVs-AmB 

were isolated by ultracentrifugation. The free 
AmB (Excitation: 326 nm, Emission: 473 nm) 
concentration of the supernatant was meas-
ured by a fluorometer (Cary, Eclipse, Varian, 
USA). The entrapment efficiency (EE%) was 
calculated by the following formula: EE% = 
(added drug (µg) – unloaded drug (µg))/added 
drug (µg) × 100 

 
In vitro study  

Macrophages were cultured in FBS-
supplemented high-glucose DMEM. Then, 
unattached macrophages were washed off 
with a pre-warmed medium. L. major pro-
mastigotes were then added to infect adherent 
macrophages and incubated at 37 °C for 24 h. 
Wells were rewashed with a warm medium to 
remove non-phagocytosed promastigotes and 
then treated for 24, 48, and 72 hours with a 

fresh medium containing AmB or EVs-AmB 
with concentrations of 15, 10, 5, 2.5, 1.25, and 
0.625 µg/mL. Uninfected macrophages and 
infected macrophages were considered as con-
trols. The wells were emptied at the time 
points, air-dried, fixed, and stained by Giemsa 
(15). 

 
Anti-leishmanial activity of EVs-AmB 

The anti-leishmanial activity was assessed as 
follows: (28). 

Percentage inhibition (PI%) = 100 - ((num-
ber of amastigotes in 100 macrophages 
(test)/number of amastigotes in 100 macro-
phages (control)) × 100) 

 
Macrophage cytotoxicity 

Cytotoxicity was performed in different time 
points and 100 microscopic fields and the 
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macrophages were directly counted and fur-
ther assessed by the following formula: (15). 

Cytotoxicity = Mean of macrophages (test) 
/mean of macrophages (control) × 100 

 
Determination of IC50 

IC50 was evaluated in 24, 48, and 72 hours, 
and calculated by GraphPad Prism software 
(V8, USA) (29). 

 

Animal Studies 
 

Animals 
Seventy inbred female Balb/c mice (5-7 

weeks old, 20 ± 3 g) were placed in standard 
cages kept at 25 °C, 55% humidity, a 12-

h/day/night cycle, and permanent access to 
water and food (30).  

All experiments were performed according 
to the Medical Ethics Committee of Tehran 
University of Medical Sciences guidelines, No; 
IR.TUMS.SPH.REC.1400.240. 

 
Parasite inoculation 

Briefly, 2×106 L. major promastigotes in the 
stationary phase were injected subcutaneously 
into the base of the mice’s tails.  2-3 weeks 
after injection, a lesion developed at the injec-
tion site. Animals were included in the study 
based on the lesion size (3-4 mm lesion), and 
eligible mice were randomly divided into sev-
en groups (n = 10), as presented in Table 2. 

 
Table 2: Groups design. A summary of different study groups and their relevant interventions. 

 

Variable Control Lesion 
PB

S 
EVs AmB EVs-AmB Glucantime 

Lesion - + + + + + + 
Treatment - - PBS EVs AmB EVs-AmB Glucantime 
Injection site - IV IV IV IV IV IP 
Number 10 10 10 10 10 10 10 

IV: Intravenous, IP: Intraperitoneal 

 
Drug administration 

As shown in Table 2, Negative control and 
lesion groups do not receive any treatment.  
PBS group was administered with 0.2 ml of 
PBS. EVs, AmB, and EVs-AmB groups were 
administered intravenously for five consecu-
tive days, followed by a sixth dose on day 10th 
with 1 mg/kg of respectively; crude isolated 
Leishmania extracellular vesicle, Amphotericin 
B and EVs-AmB. Glucantime (200 mg/kg) 
was administered intraperitoneally for 14 con-
secutive days as the positive control in the 
glucantime group. (31, 32). 

 
Efficacy evaluation 

The efficacy of the treatments was assessed 
based on the alteration in lesion size and para-
site load. The mean diameter of the lesions 
was measured horizontally and vertically with 

a caliper tool (Mitutoyo, Taiwan). The parasite 
load was evaluated by preparing a Giemsa-
stained smear of the lesion margins samples 
once a week for four weeks. The load of L. 
major amastigotes was analyzed as follows: +6 
(more than 100 amastigotes/1 field), +5 (1-
100 amastigotes/1 field), +4 (1-10 
amastigotes/1 field), +3 (1-10 amastigotes/10 
field), +2 (1-10 amastigotes/100 field), and +1 
(1-10 amastigotes/1000 field) (33). 

 
Toxicity study 

Renal and hepatic toxicity was evaluated to 
monitor probable drug-induced toxicity. The 
concentration of serum urea, creatinine, glu-
tamic oxaloacetic transaminase (SGOT), and 
glutamic pyruvic transaminase (SGPT) was 
measured at the end of the 4th week of the in 
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vivo study by an automated biochemistry ana-
lyzer (Hitachi, Japan) and relevant kits (Audit, 
Iran) (34). 
 
Statistical analysis 

Statistical analysis studies were performed by 
GraphPad Prism software (V8, USA), and a P 
< 0.05 was considered statistically significant. 

 

Results 

 
Characterization of EVs 
DLS data showed a mean diameter of 92.6 nm 
in an 89-124 nm distribution that is a sharp 
peak at 107±17.6 nm, with a PDI of 
0.218±0.18 (Fig. 2A). Also, SEM exhibited 

spherical nanostructures with the expected 
size (Fig. 2B). Western blot analysis confirmed 
the presence of EV markers (CD9, CD63, and 
TSG101) and the absence of Calnexin in the 
purified EV sample (Fig. 2C). 
 
Drug loading studies 

According to Table 1, eight formulations 
were prepared to achieve an optimal AmB 
nano-drug. As shown in Figs. 2D and F1 ex-
hibited the highest EE% (43.56 ± 1.33) by the 
simple incubation at RT for two hous without 
sonication. Further studies and method modi-
fications showed no superiority, and soni-
cation could not elevate the method's efficien-
cy (Fig. 2D) 

 

 
Fig. 2: Characterization studies on EVs. (A) Size distribution result from DLS method; (B) SEM image of purified EVs; (C) West-

ern blot images of obtained protein bands; (D) EE% data of loading studies on EVs-AmB (n=3; mean±SD) 

 
Anti-leishmanial activity, macrophage toxicity, and IC50 of EVs-AmB and AmB 

The process of etogitramorp’t  invasion into 
macrophages and release of amastigotes are 
shown in Figs. 3A and 3B. The IC50 of EVs-
AmB and AmB was evaluated by GraphPad 
Prism software. It was observed that EVs-
AmB had a lower IC50 compared to the free 
AmB (Fig. 3C). The PI% formula determine 
the anti-Leishmania activity of the drug and its 
EV-based formulation and EVs-AmB showed 
higher PI% compared to AmB at different 

concentrations and time points (Fig. 3D). The 
macrophage toxicity of drug forms was evalu-
ated and the macrophages survival rate is 
shown in Fig. 3E. Two drug forms exhibited 
similar macrophage toxicity, which was to be 
slightly higher for AmB. At concentrations of 
10 μg / ml of both drugs, only macrophages 
at the 48-hour time point for EVs-AmB could 
be able to survive and at other time points and 
drugs, all macrophages were killed (Fig. 3E). 
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Fig. 3: In vitro studies for comparison of the efficacy of EVs-AmB compared to free AmB. (A) The inva-

sion of promastigotes into macrophages (at 1000X magnification); (B) The release of amastigotes from mac-
rophages (at 1000X magnification); (C) Calculated IC50 for EVs-AmB and AmB; (D) The PI study results at 
24, 48, and 72 hours; (E) The survival rate of macrophages incubated with different concentrations of AmB 

and EVs-AmB at different time points (n=3; Mean ± SD; uppercase letters are used to check the significance 
between drug concentrations in the same time frames for the same drug. 

Lowercase letters are used to check the significance between drug concentrations in the different time 
frames for the same drug, and α and β letters are used to check the significance between two drug forms in 

the same time frames; different letters indicate significant differences (P < 0.05)) 

 
 

In vivo evaluation of EVs-AmB as a treat-
ment strategy for cutaneous leishmaniasis 

Eligible mice were treated and divided into 
seven groups (n = 10). Animals were evaluat-
ed weekly for lesion size and parasite load. In 
Fig. 4A, shows the lesion improvement in the 
group of EVs-AmB-treated mice presented, 
compared to a lesion control animal. Obtained 
data showed a significant increase in lesion 

size and parasite load in the lesion, PBS, and 
EVs control groups, compared with EVs-
AmB, AmB, and Glucantime groups (P < 
0.05). EVs-AmB had a significant decrease in 
lesion sizes in comparison with AmB (P < 
0.05) (Figs. 4B and 4C). According to the re-
sults of the kidney and liver toxicity studies, 
the encapsulation of AmB into EVs decreased 
its toxicity (P < 0.05) (Figs. 4D-4G). 
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Fig. 4: In vivo studies on the efficacy and safety of EVs-AmB. (A) The wound improvement in a mouse 

who received EVs-AmB, compared to an untreated mouse at the end of 4th week of the treatment; (B) The 
mean size of lesions at the end of each week of the study; (C) The parasite load of the lesions during four 

weeks of the study; The amounts of (D) urea, (E) creatinine, (F) SGOT, and (G) SGPT in different groups at 
the end of the experiment (n=10; mean ± SD) 

 

Discussion 

 
Leishmaniasis is a complex neglected tropi-

cal disease in the world caused by the Leishma-
nia genus (13).  Antimonials and miltefosine 
are considered first-line chemotherapeutic 
agents for cutaneous leishmaniasis, but they 
have life-threatening side effects (11). In addi-
tion, the emergence of drug resistance led to 
the consideration of the demand for new anti-
leishmanial agents with bearable adverse ef-
fects (35). In this regard, using of nanocarriers 
for efficient and targeted delivery of available 
options is a promising approach to maximize 
efficacy and minimize side effects and re-
sistance risk. EVs are nanovesicles secreted by 
most cell types in the body and medium cul-
ture and many studies reveal that can be used 
as vehicles for drug delivery purposes (36). 
EVs mediate some signaling pathways of in-
nate immune responses in leishmaniasis (37). 
With this approach, liposomal AmB was in-

troduced to the market and showed higher 
bioavailability and fewer adverse reactions 
compared to the conventional form of AmB. 
However, its blood circulation half-life was 
not favorable (18). 

In the present study, AmB was loaded into 
Leishmania EVs to provide a nanoplatform of 
AmB with an optimal circulation half-life. In 
this regard, EVs were purified from pro-
mastigotes culture media and characterized by 
DLS, western blot analysis, and SEM micros-
copy. The results of morphological characteri-
zation studies confirmed the vesicular struc-
ture of EVs with acceptable size distribution. 
Furthermore, western blot analysis identified 
the nanovesicles as EVs (Figs. 2A-2C). The 
data is in agreement with other studies and 
MISEV2018 guideline (1, 38). 

After that, EVs were loaded with AmB in 
different loading methods varying in loading 
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parameters. Two EV: drug ratios were investi-
gated in two incubation conditions of room 
and body temperatures for a fixed duration (2 
hours). As expected, a higher EV: drug ratio 
exhibited more EE% due to the higher load-
ing space of nanostructures. In addition, 
probe and bath sonication with different soni-
cation durations did not significantly improve 
EE% compared to the simple incubation (Fig. 
2D). This can be due to the saturation of EV 
structures by the drug molecules. Eventually, 
the formulation prepared by incubation at 
room temperature and a higher EV. Drug ra-
tio was selected for further studies because of 
its higher EE% (43.56 ± 1.33) and this rate of 
EE% was almost similar to Kanchanapally 
study (42.5%) (39), but was higher than 
Ebrahimian study (20.8%) (40). 

Our cellular assessments (Fig. 3) suggest the 
superior potential of this new formulation 
compared to the currently used AmB drug.  
Importantly when considering the clinical ef-
fects of the nephrotoxic, hepatotoxic, and 
cardiotoxic administration of the AmB, the 
lowest IC50 = 0.95 µg/ml was associated with 
EVs-AmB at 48 hours (Fig. 3C). This may be 
due to the reduced toxicity of the drug in the 
encapsulated form, but macrophage survival 
was almost similar between the two drug 
forms. 

The serum levels of urea and creatinine in 
Mishra's study of the amphiphilic formulation 
of amphotericin B (KalsomeTM10) compared 
to the pharmaceutical form of Fungizon were 
51.5±1.92 and 0.04±0.40 respectively, which 
is somewhat similar to our study (59.1±5.29 
and 0.35±0.3 respectively) (41). 

 In addition, EVs-AmB showed a higher 
PI% compared to AmB (Fig. 3D), which may 
mean that EVs facilitate the internalization of 
AmB. Drug encapsulation in nanocarriers may 
lead to higher bioavailability at lower drug 
concentrations and less toxicity and this con-
dition reported in same study (28).  

Our in vivo studies also confirmed the com-
parable efficacy of EVs-AmB to the conven-
tional form of the drug (Fig. 4). This result 

may be an indication that amphotericin B is 
safe when it is loaded into EVs as similar to 
Parvez et al report (28). 

Based on our knowledge, our study is the 
first one to report the therapeutic efficiency of 
Amphotericin B-loaded EVs derived from 
Leishmania. However, more studies including 
the Optimization of this formulation, further 
characterization of drug-loaded EVs, and 
studies that are more animal are required to 
pave the road to the administration of this 
formulation in clinical settings.  

 

Conclusion 

 
EVs-AmB improved the efficacy of AmB in 

mouse skin lesions and lowered its systemic 
toxicity for macrophages and hepatorenal sys-
tems. It can be proposed that EVs can be a 
promising nanoplatform for delivering AmB 
in CL caused by L. major. Future studies 
should consider the collection of complemen-
tary evidence for introducing this introduction 
of this formulation into clinical trials. 
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