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Summary

Leishmaniasis is a group of parasitic diseases caused by various species of Leishmania. Cuta-
neous manifestations of the disease can cause protracted wounds, difficult to heal, thus it is
important to discover novel compounds that can augment in wound healing. The aim of this
study is to investigate antileishmanial activity of Medicago sativa extract. Parasites were treated
with different concentrations of plant extract (5, 100, 250, 500 and 1000 µg/ml) for 24, 48, and
72 hours. The characterization was done by reversed phase-high performance liquid chro-
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Introduction

Leishmaniasis is a group of parasitic diseases caused
by various species of Leishmania. Leishmania is a
member of Trypanosomatidae family and it can be
seen in two forms during its life cycle: promastigotes
seen in invertebrates and culture medium1-3 and in-
tracellular amastigotes seen in reticuloendothelial
cells and skin of vertebrates.4 There are four forms of
leishmaniases: cutaneous, mucocutaneous, visceral,
and post-kala-azar dermal leishmaniasis (PKDL). Un-
treated visceral leishmaniasis can be fatal.5 World
Health Organization (WHO) includes this disease
among the eight important parasitic disease in the
world. It is estimated that 350 million people world-
wide are at risk of developing the disease and almost
12 million people are affected, mostly in the tropical
and subtropical regions. annually, 1 to 5.1 million new
patients will be added in 88 countries, with the vast
majority of patients, reaching 90%, exhibiting cutane-
ous leishmaniasis. The majority of skin ulcers caused
by L. major/L.tropica recover in a few weeks to several
months without treatment. The parasites can cause
severe wounds that improve after several6-8 months
of treatment. Multiple treatments have been sugge-

sted for the disease, but there is no effective trea-
tment for it. Pentavalent antimony derivatives (so-
dium stibogluconate, meglumine antimoniate), are
actually the first line of treatment.9,10 The goal of the
treatment is rapid scar-free healing of wounds, and
prevention of secondary infection. Typically combina-
tions of pentavalent antimony such as meglumine an-
timoniateare used for the treatment of cutaneous
leishmaniasis. The use of these agent though is com-
plicated by side effects such as liver disorders, cardio-
vascular and biochemical changes because of
inherent dose-dependent toxicity and frequency of
injection.12 Furthermore, resistance to antimony has
increased in recent years leading to introduction of
some new antileishmanial compounds such as mitel-
fosine. However, all of these drugs have different side
effects.13 In between, extensive studies have been
conducted on plant extracts and compounds.14-16 na-
tural or plant-derived compounds are widely used for
inhibition of pathogenic microorganisms.17-20 Since
herbal medicines are available and cheap and have
no adverse effects, their use, according to local flora,
has been emphasized.2 M. sativa is used for the trea-
tment of diverse clinical conditions, including arthritis
and edema. This plant contains a lot of vitamins a and
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matography (RP-HPLC). The IC50 values were 566.62, 445.74, and 375.74 after 24, 48, and 72
hours incubation, respectively. The results showed that the survival of this parasite can be lim-
ited by increasing the incubation time and/or the extraction dosage. The analysis of extract
showed that this extract includes phenolic and flavonoid compounds. The total phenolic value
was more than total flavonoids compounds. The anti-Leishmania activity of M. sativa extract
may be due to the high concentration of phenolic compounds, especially caffeic acid. From
our results, it can be suggested that the M. sativa extract is a potential herbal drug against leish-
maniasis.
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C and thus, it may prevent bleeding and help in
wound healing, vitamin C deficiency, and anemia (due
to its high iron content).14 M. sativa exists in cold mo-
untain areas.  It has also been proposed that this herb
can cure diabetes, but there are no studies about its
effects on wound healing of Leishmania and its im-
pact on promastigote.21 The discovery of new drugs
increasing wound healing is very important for the
treatment of cutaneous Leishmaniasis. The present
study aimed at investigating the effect of Medicago
sativa fresh juice, used in wound healing, on the in
vitro survival of promastigotes.

Materials and Methods

Preparation of the alcoholic extract 
In this study, the shoots of M. sativa were collected
from yazd province. after drying at 37°C, extraction
was done by soaking method at temperatures of 15-
20°C with 75% ethanol. For this purpose, 1000 ml of
ethanol (75%) is poured on 100 grams of plant pow-
der so that powder is completely covered. The mix-
ture is placed on a shaker for better extraction of
active ingredients. after 48 hours, solution was pas-
sed from Whatman® filter paper. The filtrated solution
was concentrated by a vacuum distillation unit (rota-
tor) and thus, it was reduced to one-third of the ori-
ginal volume.

Culture of L. major parasites
Strain of L. major parasites (MRHO / IR / 75 / ER) were
obtained from Shahid Sadoughi University of Medical
Sciences, yazd, Iran. The novy-Macneal-nicolle me-
dium (nnn) (containing sodium chloride, glucose,
brain heart infusion (BHI), heparinized blood of rab-
bits and agar) was used for culture of parasites. The
flask was examined (under 25°C and every 48 h) for
the absence of contamination by fungi and bacteria,
as well as the growth of promastigotes. Flask was re-
peatedly examined until promastigote concentration
reached one million parasites per ml.

Treatment of Leishmania with extract 
One million/ml of parasites was counted using neobar
lam and one ml of this concentration was poured in
each tube. Seven groups were evaluated:

Group I: Exposure to 5 µg/ml of extract; Group II:
Exposure to 100µg/ml of extract; Group III: Exposure
to 250 µg/ml of extract; Group D: Exposure to 500
µg/ml of extract; Group E: Exposure to 1000 µg/ml of
extract; Group F (control group): there is no treatment;
and Group G (sterile saline control group): Exposure
to sterile saline serum 

Evaluation of anti-Leishmanial activity
all groups were examined in terms of the number and
activity after 24, 48, and 72 hours. Counting was done
by neobar lam. amphotericin B was used as positive
control. Growth inhibitory (GI) was calculated by the
equation: % GI= (1- Grextract/Grcontrol) x 100, where
GR=growth rate. Then, half-maximal inhibitory con-
centration (IC50) was calculated by SigmaPlot™13 so-
ftware (Systat Software Inc., USa) in different times
and concentrations. 

Determination of total compounds of extract
Total phenolic and flavonoid compounds of the ex-
tract was determined by colorimetric method. Briefly,
for determination of phenolic and flavonoid, the ex-
tract was measured at absorbance 765 and 510 nm,
respectively. For further analysis, reversed phase-high
performance liquid chromatography (RP-HPLC) was
used. In this quantitative mode, allic acid, syringic
acid, pyrogallol, salicylic acid, and caffeic acid were
used for standard curve for phenolic compounds and
quercetin, rutin, myricetin, kaempferol, naringin and
apigenin were used for standard curve for flavonoid
compounds. Elution was performed using solution a
[0.1% trifluoroacetic acid (TFa) in water] combined
with a 5 to 65% gradient of solution B [0.098% TFa in
acetonitrile] over a period of 65 min, at a flow rate of
2 ml/min. according to the absorbance at 280 nm for
phenolic compound and 350nm for flavonoid com-
pounds, the fractions were characterized. 

Results

Extract analysis
Seven compounds were characterized from M. sativa
extract using RP-HPLC technique. Phenolic compounds
included gallic acid, pyrogallol, salicylic acid, caffeic
acid, while flavonoid compounds included naringenin,
quercitin, and myrcitin (Figure 1 and 2). The concen-
tration of phenolic compounds [46.26 mg/g dry mass
(DM)] was more than flavonoid compounds [18.65 mg
Eq./g DM]. The highest concentration belonged to caf-
feic acid [726.32 μg/g DM] (Table 1). 

Antileishmanial activity
The result of antileishmanial activity of M. sativa ex-
tract was shown in Figure 3. The ethanol extracts had
potent activity against Leishmania. The antileishma-
nial activity increased along with increase of extract
concentration. This relationship was linear in concen-
trations greater than 400 μg/ml. The IC50 was 566.62,
445.74, and 375.74 after 24, 48, and 72 hours, respec-
tively.
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Figure 1 The RP-HPLC of phenolic compounds in M. sativa extract.

Figure 2 The RP-HPLC of flavonoid compounds in M. sativa extract.



Discussion

the consequences of the long duration of and the
scars caused by the cutaneous leishmaniasis, the role
of human and animal reservoirs, the obstacles in the
disease vector control (such as sandfly species diversity)
render research on the diagnosis, treatment and pre-
vention of this disease very important and necessary,
especially in endemic countries such as Iran.11 In the

classical treatment for leishmaniasis administration
of toxic and poorly tolerated drugs such as pentavalent
antimony derivatives, pentamidine, and amphotericin
B is used. moreover, there are no effective vaccines to
prevent leishmaniasis.26,27 herbal compounds are a
potential source of new compounds with suitable
biological activities. these compounds have different
activities such as antibacterial, antiviral, antifungal,
antioxidant, anticancer, and antiprotozoal activity.
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Figure 3

Antileishmanial activity of
M. sativa extract after 24,
48, and 72 hours incubation.

      Total               value            Phenolic and            Value 
 compounds                                 flavonoid          (µg g/g DM)
                                                     contents

      Total         46.26 mg /g        Gallic acid              352.12
   phenolic             DM               Pyrogallol              425.12
                                                  Caffeic acid             726.32
                                                 salicylic acid             128.3

      Total           18.65 mg          naringenin               498.3
   flavonoid        eq./g DM            quercitin                572.6
                                                    Myricetin                365.4

Total phenolic and flavonoid compounds as well as
phenolic and flavonoid contents in M. sativa extractTable 1



These activities correspond to diverse chemical groups
in plant extracts.17-20 Since fresh juice of M. sativa is
traditionally used in wound healing, we investigated
the effect of M. sativa extract on Leishmania parasites.14

The characterization of extract showed that this extract
includes many phenolic and flavonoid compounds.
The content of phenolic compounds was more than
flavonoid compounds. Between phenolic compounds,
the highest value belonged to caffeic acid. Other
studies showed almost similar compounds for M.
sativa leaves extract, but their quantity was different.
In all studies, the content of phenolic compounds
was more than flavonoid compounds. Functional pro-
perties including antioxidant, anti-inflammatory, and
xanthine oxidase (xO) inhibitory activities were pre-
viously reported for M. sativa extract.28-31 We found
that the ethanol extracts had also potent activity
against Leishmania. The antileishmanial activity in-
creased along with increase of extract concentration.
This relationship was linear in concentrations greater
than 400 μg/ml. an increase in incubation time from
24 to 72 hours led to a higher activity (IC50=566.62,
445.74, and 375.74 after 24, 48, and 72 hours, respec-
tively).) Tasdemir et al investigated the in vivo antilei-
shmanial activity of six flavonoids: luteolin, luteolin-
7-O-glucoside, 3-hydroxyflavone, fisetin, quercetin,
and myricetin. The result of this study showed that
only quercetin had activity by inhibiting the infection
by 15.3% and all other flavonoids were inactive.32 In
our extract, there was quercetin as flavonoid compound,
thus its antileishmanial activity may be due to this
agent. Vila-nova et al showed that quercetin and rutin
have leishmanicidal activity in both the promastigote
and amastigote stages. Their activity was similar to
that of pentamidine and amphotericin B, established
agents used to treat leishmaniasis.33 Researchers also
studied the potential antileishmanial activity of phenolic
compounds, such as caffeic acid, ferulic acid, syringic
acid.34-36 The activity of phenolic compounds, especially

caffeic acid, on Leishmania parasites have been pro-
ven.33,37,38 M. sativa extract had high concentrations
of phenolic compounds, especially caffeic acid. Thus,
M. sativa extract’s potent antileishmanial activity may
be due to phenolic and flavonoid compounds (quer-
cetin and caffeic acid). a proposed mechanism for
antileishmanial activity might include the flavonoids
binding to the nucleotide binding domains (nBD) of
Leishmania aTP binding cassette (aBC) transporters.39

Different researches showed the potent effect of M.
sativa extract on wound healing. These studies indi-
cated that M. sativa extract increased the wound hea-
ling because of vitamin a and C content.40 In endemic
countries with high prevalence of leishmaniasis, hea-
ling of ulcerative lesions is delayed by bacterial and/or
fungal infections. So, it can cause severe wounds that
improve after several months of treatment.41,42 accor-
ding to previous studies and results derived from this
study, M. sativa extract has potent antileishmanial and
wound healing activity. Thus, this extract can inhibit
parasite growth and heal the related wound.

Conclusion

In conclusion, the results of his study showed that the
M. sativa extract has highly leishmanicidal activity.
Thus, the M. sativa extract is a potential herbal drug
against leishmaniasis as well as wound healing caused
by Leishmania. Further experiments need to be done
in order to investigate M. sativa extract’s anti-Leishma-
nial activity in animal models.
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In vitro διερεύνηση της αντιλεϊσμανιακής θεραπευτικής δράσης του
εκχυλίσματος Medicago sativa
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Η λεϊσμανίαση είναι μια ομάδα λοιμώξεων που προκαλούνται από διάφορα είδη παρασίτων
του γένους Leishmania. Οι δερματικές εκδηλώσεις της νόσου μπορεί να προκαλέσουν πληγές
μακράς διάρκειας, με δυσχερή αντιμετώπιση, συνεπώς είναι απαραίτητη η εύρεση νέων ου-
σιών που μπρούν να βοηθήσουν στην επούλωση. Ο στόχος αυτής της μελέτης είναι να διε-
ρευνήσει τη  θεραπευτική δράση του εκχυλίσματος Medicago sativa. Τα παράσιτα L. major
υποβλήθηκαν σε επεξεργασία με διαφορετικές συγκεντρώσεις φυτικού εκχυλίσματος M.
sativa (5, 100, 250, 500 και 1000 μg / ml) για 24, 48 και 72 ώρες. Ο χαρακτηρισμός του εκχυ-
λίσματος έγινε με υγρή χρωματογραφία αντίστροφης φάσης υψηλής απόδοσης (RP-HPLC).
Οι τιμές IC50 ήταν 566,62, 445,74 και 375,74 μετά από 24, 48 και 72 ώρες επώασης, αντίστοιχα.
Τα αποτελέσματα έδειξαν ότι η επιβίωση του παρασίτου L. major μειώνεται αυξάνοντας τον
χρόνο επώασης και / ή τη δοσολογία του φυτικού εκχυλίσματος. Η ανάλυση του εκχυλίσματος
έδειξε ότι αυτό περιλαμβάνει φαινολικές και φλαβονοειδείς ενώσεις. Η συνολική τιμή των
φαινολικών ενώσεων ήταν μεγαλύτερη από αυτή των φλαβονοειδών ενώσεων. Η αντι-Leis-
mania δραστικότητα του εκχυλίσματος M. sativa πιθανά οφείλεται στην υψηλή συγκέντρωση
φαινολικών ενώσεων και ειδικά καφεϊκού οξέος. Συμπερασματικά, σύμφωνα με τα αποτελέ-
σματα της μελέτης, μπορεί να προταθεί ότι το εκχύλισμα M. sativa είναι ένα πιθανό φυτικό
φάρμακο κατά των δερματικών βλαβών της λεϊσμανίασης.

Λέξεις κλειδιά
IC50, Leishmania, Medicago sativa, φαινόλες,
φλαβονοειδή, επούλωση δερματικών βλαβών

Περίληψη



242

H. GHaFOORI, R.S. SanDOUGHSaz, F. MIRzaEI, H. zaRE-zaRDInI, H. SOLTanInEjaD

VOL. 65 • ISSUE 4, October-December 2020

1. Kolodziej H, Kiderlen AF. Antileishmanial activity
and immune modulatory effects of tannins and related
compounds on Leishmania parasitised RAW 264.7
cells. Phytochemistry. 2005; 66: 2056-2071

2. Lamidi M, DiGiorgio C, Delmas F, Favel A, Eyele
Mve-Mba C, Rondi ML, et al. In vitro cytotoxic, an-
tileishmanial and antifungal activities of ethnophar-
macologically selected Gabonese plants. J of
Ethnopharmacol. 2005; 102: 185-190.

3. Leandro C, Campino L. Leishmaniasis: efflux pumps
and chemoresistance. Int J Antimicrob Agents.2003;
22: 352-357.

4. Dowlati Y. Cutaneous leishmaniasis: clinical aspect.
Clin Dermatol.1996; 14: 425-431.

5. Desjeux P. Leishmaniasis. Public health aspects and
control. Clin Dermatol. 1996; 14: 417-423.

6. Avirutnan P, Mehlhop E, Diamond MS. Complement
and its Role in Protection and Pathogenesis of Flavivirus
Infections. Vaccine. 2008; 26(Suppl 8): I100-107.

7. Effects of Microbes on the Immune SystemCytotoxic
CellsNutrition and Immunology. Immunol Cell Biol.
2000; 78: 571-573.

8. Tonui WK, Mejia JS, Hochberg L, Mbow ML, Ryan
JR, Chan AST, et al. Immunization with Leishmania
major Exogenous Antigens Protects Susceptible
BALB/c Mice against Challenge Infection with L.
major. Infect Immun. 2004; 72: 5654-5661.

9. Croft SL, Seifert K, Yardley V. Current scenario of
drug development for leishmaniasis. Indian J Med
Res. 2006; 123: 399-410.

10. Minodier P, Parola P. Cutaneous leishmaniasis treat-
ment. Travel Med Infect Dis. 2007; 5: 150-158.

11. Soleimanifard S, Arjmand R, Hejazi SH. Investigation
and Comparison of Leishmania major Promastigote
and Amastigote Protein Content by Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis. Avicenna
J Clin Med. 2013; 20: 1-8.

12. Kazemi E, Talari S, Hooshyar H. The effect of an al-
coholic extract of Berberis Vulgaris on Cutaneous
leishmaniasis (L. major) in BALB/c mice.sjsph. 2007;
5: 35-42.

13. 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: 119-122.

14. Santos DO, Coutinho CE, Madeira MF, Bottino CG,
Vieira RT, Nascimento SB, et al. Leishmaniasis treat-
ment--a challenge that remains: a review. Parasitol
Res. 2008; 103: 1-10.

15. Le Pape P. Development of new antileishmanial
drugs--current knowledge and future prospects. J En-
zyme Inhib Med Chem. 2008; 23: 708-718.

16. Rando DG, Avery MA, Tekwani BL, Khan SI, Ferreira
EI. Antileishmanial activity screening of 5-nitro-2-het-
erocyclic benzylidene hydrazides. Bioorg Med Chem.
2008; 16: 6724-6731.

17. Memarpoor-Yazdi M, Mahaki H, Zare-Zardini H. An-
tioxidant activity of protein hydrolysates and purified
peptides from Zizyphus jujuba fruits. J Function
Foods. 2013; 5: 62-70.

18. Daneshmand F, Zare-Zardini H, Tolueinia B, Hasani
Z, Ghanbari T. Crude Extract from Ziziphus Jujuba
Fruits, a Weapon against Pediatric Infectious Disease.
Iran J Pediatr Hematol Oncol. 2013; 3: 216-221.

19. Daneshmand F, Zare-Zardini H, Ebrahimi L. Investi-
gation of the antimicrobial activities of Snakin-Z, a
new cationic peptide derived from Zizyphus jujuba
fruits. Nat Prod Res. 2013; 27: 2292-2296.

20. Zare-Zardini H, Tolueinia B, Hashemi A, Ebrahimi L,
Fesahat F. Antioxidant and cholinesterase inhibitory ac-
tivity of a new peptide from Ziziphus jujuba fruits. Am
J Alzheimers Dis Other Demen. 2013; 28: 702-709.

21. Gray AM, Flatt PR. Pancreatic and extra-pancreatic
effects of the traditional anti-diabetic plant, M. sativa
(lucerne). Br J Nutr. 1997; 78: 325-334.

22. Bahrami S, Khademvatan S, Razi Jalali MH, Pour-
baram S. Amiodarone triggers induction of apoptosis
in cutaneous leishmaniasis agents. Pathog Glob
Health. 2016; 24: 1-5.

23. Singh K, Garg G, Ali V. Current therapeutics, their
problems and thiol metabolism as potential drug tar-
gets in leishmaniasis. Curr Drug Metab. 2016; 19: 19.

24. Sundar S, Rai M. Laboratory Diagnosis of Visceral
Leishmaniasis. Clin Diagn Lab Immunol. 2002; 9:
951-958.

25. Salam N, Al-Shaqha WM, Azzi A. Leishmaniasis in
the Middle East: Incidence and Epidemiology. PLoS
Neglect Trop Dis. 2014; 8: e3208.

26. Chakravarty J, Sundar S. Drug Resistance in Leish-
maniasis. J Glob Infect Dis. 2010; 2: 167-176.

27. Palumbo E. Treatment Strategies for Mucocutaneous
Leishmaniasis. J Glob Infect Dis. 2010; 2: 147-150.

28. Al-Dosari MS. In vitro and in vivo antioxidant activity
of alfalfa (M. sativa L.) on carbon tetrachloride intox-
icated rats. Am J Chin Med. 2012; 40: 779-793.

29. Bora KS, Sharma A. Evaluation of Antioxidant and
Cerebroprotective Effect of M. sativa Linn. against Is-
chemia and Reperfusion Insult. Evid Based Comple-
mentary Alternat Med. 2011; 2011: 792167.

30. Choi KC, Hwang JM, Bang SJ, Kim BT, Kim DH,
Chae M, et al. Chloroform extract of alfalfa (M. sativa)
inhibits lipopolysaccharide-induced inflammation by
downregulating ERK/NF-kappaB signaling and cy-
tokine production. J Med Food. 2013; 16: 410-420.

References



31. Hong Y-H, Chao W-W, Chen M-L, Lin B-F. Ethyl ac-
etate extracts of alfalfa (M. sativa L.) sprouts inhibit
lipopolysaccharide-induced inflammation in vitro and
in vivo. J Biomed Sci. 2009; 16: 64.

32. Tasdemir D, Kaiser M, Brun R, Yardley V, Schmidt
TJ, Tosun F, et al. Antitrypanosomal and antileishma-
nial activities of flavonoids and their analogues: in
vitro, in vivo, structure-activity relationship, and quan-
titative structure-activity relationship studies. Antimi-
crob Agents Chemother. 2006; 50: 1352-1364.

33. Vila-Nova NS, Morais SM, Falcão MJC, Bevilaqua
CML, Rondon FCM, Wilson ME, et al. Leishmanici-
dal and cholinesterase inhibiting activities of phenolic
compounds of Dimorphandra gardneriana and
Platymiscium floribundum, native plants from
Caatinga biome. Pesq Vet Bras. 2012; 32: 1164-1168.

34. Mohammad BI, Al Shammary MN, Abdul Mageed
RH, Yousif NG. Herbal extract targets in Leishmania
tropica. J Parasit Dis. 2015; 39: 663-672.

35. de Melo JO, Bitencourt TA, Fachin AL, Cruz EMO,
de Jesus HCR, Alves PB, et al. Antidermatophytic and
antileishmanial activities of essential oils from Lippia
gracilis Schauer genotypes. Acta Trop. 2013; 128:
110-115.

36. Radtke OA, Foo LY, Lu Y, Kiderlen AF, Kolodziej H.
Evaluation of sage phenolics for their antileishmanial
activity and modulatory effects on interleukin-6, inter-
feron and tumour necrosis factor-alpha-release in RAW
264.7 cells. Z Naturforsch C. 2003; 58: 395-400.

37. Montrieux E, Perera WH, García M, Maes L, Cos P,
Monzote L. In vitro and in vivo activity of major con-

stituents from Pluchea carolinensis against Leishma-
nia amazonensis. Parasitol Res. 2014; 113: 2925-
2932.

38. Calixto Júnior JT, de Morais SM, Gomez CV, Molas
CC, Rolon M, Boligon AA, et al. Phenolic composi-
tion and antiparasitic activity of plants from the Brazil-
ian Northeast “Cerrado”. Saudi J Biol Sci. 2016; 23:
434-440.

39. Perez-Victoria JM, Chiquero MJ, Conseil G, Dayan
G, Di Pietro A, Barron D, et al. Correlation between
the affinity of flavonoids binding to the cytosolic site
of Leishmania tropica multidrug transporter and their
efficiency to revert parasite resistance to daunomycin.
Biochemistry. 1999; 38: 1736-1743.

40. Khayatzadeh J, Rafiei H, Farhoodi M. The wound
healing effect of M. sativa extract on pinna rabbit car-
tilage. J Arak Uni Med Sci. 2009; 12: 29-38.

41. Jebran AF, Schleicher U, Steiner R, Wentker P, Mah-
fuz F, Stahl H-C, et al. Rapid Healing of Cutaneous
Leishmaniasis by High-Frequency Electrocauteriza-
tion and Hydrogel Wound Care with or without DAC
N-055: A Randomized Controlled Phase IIa Trial in
Kabul. PLoS Neglect Trop Dis. 2014; 8: e2694.

42. Stahl H-C, Ahmadi F, Schleicher U, Sauerborn R,
Bermejo JL, Amirih ML, et al. A randomized controlled
phase IIb wound healing trial of cutaneous leishmania-
sis ulcers with 0.045% pharmaceutical chlorite (DAC
N-055) with and without bipolar high frequency elec-
tro-cauterization versus intralesional antimony in
Afghanistan. BMC Infect Dis. 2014; 14: 1-12.

243

InVESTIGaTIOn OF THE anTILEISHManIaL aCTIVITy OF Medicago sativa ExTRaCT: an IN VITRO STUDy

ΤΟΜΟΣ 65 • ΤΕΥΧΟΣ 4, Οκτώβριος-Δεκέμβριος 2020


