
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: bashiralsiddiq@gmail.com, bayousef@uofk.edu; 

 
 

International Journal of TROPICAL DISEASE                         
& Health 
 
42(14): 26-31, 2021; Article no.IJTDH.74946 
ISSN: 2278–1005, NLM ID: 101632866  

 
 

 

Anti-Leishmanial Effect of Oral Zinc Sulfate in Acute 
Cutaneous Leishmaniasis: A Mini-review 

 
Tagwa A. M. Salih1 and Bashir A. Yousef2* 

 
1Department of Pharmacology, Faculty of Pharmacy, Nile University, Postal Code: 12217, Khartoum, 

Sudan. 
2Department of Pharmacology, Faculty of Pharmacy, University of Khartoum, Postal Code: 11111, 

Khartoum, Sudan. 
 

Authors’ contributions 
 

This work was carried out in collaboration between both authors. Both authors read and approved the 
final manuscript. 

 
Article Information 

 
DOI: 10.9734/IJTDH/2021/v42i1430515 

Editor(s): 
(1) Dr. Shankar Srinivasan, Rutgers - School of Health Professions, USA.  

Reviewers: 
(1) Zainab Sajid Mohammed, University of Ahl al-Bayt, Iraq. 

(2) Nilay Solanki, Charotar University of Science and Technology, India. 
Complete Peer review History: https://www.sdiarticle4.com/review-history/74946 

 
 
 

Received 01 August 2021 
Accepted 06 October 2021 
Published 12 October 2021 

 
 

ABSTRACT 
 

Cutaneous Leishmaniasis (CL) is an endemic parasitic infection caused by various Leishmania 
species, with a specific predisposition of each species into a particular geographical area. 
Cutaneous lesions can either be a single, limited skin lesion or multiple, large, locally destructions 
skin lesions.  Several therapies are proposed for CL, but severe side effects, high costs, and 
incomplete efficacy make researchers find replaceable therapies. Since the usage of zinc sulfate as 
a therapeutic agent has a long history in treating of various dermatological diseases, Zinc plays an 
essential role in the development and function of innate immunity cells (neutrophils and natural 
killer cells), which play significant roles in killing parasites. It also has a significant inhibitory effect 
on key enzymes involved in the carbohydrate metabolism and virulence of L. major and L.tropica. 
Therefore, its use as an oral therapy for CL might represent a significant addition to the 
armamentarium of anti-leishmanial medications.  This review summarizes and discusses previous 
and recent findings regarding the therapeutic roles of oral zinc sulfate in cutaneous leishmaniasis 
therapy.  
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1. INTRODUCTION 
 

Cutaneous leishmaniasis (CL) is an infection 
caused by Leishmania protozoa, are usually 
transmitted by biting various phlebotomine sand 
flies [1]. It is endemic in 88 countries, including; 
Sudan, Iraq, Iran, Brazil, Afghanistan, Peru, and 
Syria [1]. Epidemiologically, around 12 million 
people suffered from CL, with 1 - 1.5 million new 
cases each year. This disease is becoming a 
global health problem due to immigration and 
travel, leading to increased CL incidence [2]. 
 

Cutaneous lesions can either be a single, limited 
skin lesion or multiple, large, locally destructions 
skin lesions [3]. The disease presents as 
brownish, erythematous papules, which gradually 
enlarge and turn into nodules within six months. 
Subsequently, these nodules usually ulcerate 
from their center, and a brownish crust covers 
the infection area and ulcer [4]. Although CL is a 
self-healing disease, it may lead to a disfiguring 
of the scar and long-lasting stigmas, damaging 
underlying structures such as the ear, nose, or 
exposed skin sites that cause patients 
psychological distress [5]. 
 
Multiple treatment suggestions are available for 
cutaneous leishmaniasis [6]. Pentavalent 
antimonies are considered the first-line therapy. 
However, due to their severe side effects and 
consequences such as cardio-toxicity, kidney 
failure, pancreatitis, and leucopenia, high costs, 
increased cases of therapeutic failure, extended 
treatment duration, and new species emerging 
[7]. Considerable attempts are being made to 
find effective treatments that are more patient-
acceptable and have fewer side effects.  

 
Since zinc sulfate as a therapeutic agent has a 
long history in treating various dermatological 
diseases [8], its use as an oral therapy for CL 
might represent a significant addition to the 
armamentarium anti-leishmanial medications. In 
this mini-review, we will discuss the therapeutic 
roles of oral zinc sulfate in cutaneous 
leishmaniasis therapy. 
 

2. ZINC SULFATE IN 
DERMATOLOGICAL DISEASES 

 
Zinc as an element or in different forms of zinc 
salts, have been used as therapeutic modalities 
for centuries for several dermatological 
conditions, including infections (warts, 
leishmaniasis), inflammatory dermatoses (acne 
vulgaris, rosacea), pigmentary disorder 

(melasma), and neoplasias (basal cell 
carcinoma) [9]. 
 

3. MECHANISMS OF ACTION 
 

3.1 Role of Zinc in Host Immunity 
 
Zinc is an essential element and affects the 
multiple aspects of the immune system, it is 
involved in the normal development and function 
of cell-mediating innate immunity, neutrophils, 
and natural killer cells. Phagocytosis, intracellular 
killing, and cytokine production are affected by 
zinc deficiency [10,11]. Additionally, zinc 
deficiency also severely affected the growth and 
function of the acquired immune system cells (T 
and B cells) [12]. 
 
Interferon-γ (IFN-γ) and IL-12 play significant 
roles in killing parasites, viruses, and bacteria by 
macrophages-monocytes. The gene expression 
of IL-2 and IFN-γ (Th1 cytokines) are zinc-
dependent [13]. Zinc induces isolated leukocytes 
to produce cytokines. It also induces the 
production of interleukin-1, interleukin-6, and 
tumor necrosis factor- α by monocytes [14]. Also, 
IL-2 is involved in the activation of NK and T-
cytotoxic cells. IL-12 is generated by stimulated 
macrophages-monocytes and is zinc-dependent. 
Zinc deficiency adversely affects the secretion 
and functions of cytokines, the essential 
messengers of the immune system [13]. 

 
Furthermore, IFN-γ induces massive infiltration of 
macrophages and chemokine such as Monocyte 
Chemoattractant Protein-l (MCP-l) in the dermis 
of patients affected by CL. High levels of MCP-l 
expression are facilitated by the healing process 
in patients with self-healing CL. MCP-l and IFN-γ 
synergistically activate monocytes to clear 
intracellular parasites, whereas IL-4 abrogates 
the effect of MCP-l [15,16]. Predominant T helper 
(Thl)-type cell responses are associated with 
IFN-γ-induced macrophage activation, indicating 
a network of pleiotropic cytokines, in which IL-12, 
produced by activated antigen-presenting cells 
(APC), such as macrophages and dendritic cells, 
shapes the essential response, and IFN-y and 
other cytokines also participate [17]. 
 
It has been reported that in CL, there is a 
depression of helper T cell function. Zinc sulfate 
showed a potent stimulatory effect on T-
lymphocytes, which contributed to its 
immunomodulatory activity. Moreover, zinc is an 
essential component of thymulin, a thymic 
hormone involved in the maturation and 
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differentiation of T-cells [18]. Another possible 
site for the action of zinc is the macrophages. In 
CL, macrophages engulf Leishmania 
amastigotes which divide inside them [19]. Zinc 
is known to influence macrophage function [20]. 

 
3.2 Role of Zinc in Parasite Metabolism 

Pathway 
 

Zinc sulfate has a significant inhibitory effect on 
key enzymes involved in the carbohydrate 
metabolism and virulence of L. 
major and L.tropica [20]. The Embden–Meyerhof 
pathway is one of the important pathways in 
carbohydrate metabolism. Zinc sulfate is 
reported to have an inhibitory effect on the key 
enzymes of this pathway [21]. The pentose 
phosphate pathway (PPP) is a fundamental 
component of cellular metabolism. The PPP is 
vital to maintain carbon homeostasis, to provide 
precursors for nucleotide and amino acid 
biosynthesis. Key enzymes of the hexose-
monophosphate (pentose-phosphate) shunt and 
citric-acid cycle were all dose-dependently 
inhibited by zinc sulfate [20]. 

 
4. ANTI-LEISHMANIAL ACTIVITIES OF 

ZINC SULFATE 
 

4.1 In-vitro Anti-leishmanial Effect of 
Zinc Sulfate 

 
Zinc sulfate displayed potent in-vitro and in-
vivo anti-leishmanial activities. Zinc sulfate has 
been reported to inhibit parasite growth and 
proliferation in a concentration-dependent 
manner [22]. One study showed that both 
strains L. major and L.tropica were sensitive to 
zinc sulfate, and their perspective LD50221.9 
mg/ml were lower than the LD50of the 
pentavalent antimony compound (334.7 mg/ml) 
[22]. The same results were shown by another 
study conducted in Iran; the LD50 for zinc sulfate 
was 221.9 mg/mL, and the LD50 for pentavalent 
antimony compounds was 334.7 mg/mL [23]. 
 

4.2  In vivo Anti-leishmanial Effect of Zinc 
Sulfate 

 
Zinc sulfate has been reported to exhibit 
potent in-vivo anti-leishmanial effects. One study 
showed that oral zinc sulfate was effective in 
treating mice infected with cutaneous 
leishmaniasis at the dose of 10 mg/kg/day for 
five days. It demonstrated the effectiveness of 
orally administered zinc sulfate against the 
lesions induced by inoculation of the leishmania 
parasite. In this model, the ED50 of zinc sulfate 
was reported as 59 mg/kg compared to 37.64 
mg/kg of meglumine antimoniate in the same 
model [22]. In another study, 2mg/kg daily doses 
of oral zinc sulfate did not show any treatment 
effect on the growth of L.major in Balb/c mice 
[24]. 
 

4.3 Clinical Effect of Zinc Sulfate 
 
Many reports also indicated the anti-leishmanial 
activity of zinc sulfate in humans (Table 1). 
Results of Sharique study indicated a probable 
therapeutic effect against CL of zinc sulfate in a 
dose range of 2.5± 10 mg/kg. The cure rates 
were 83.9% and 93.1%for 2.5 mg/kg and 5 
mg/kg group, respectively, within the 45 days of 
follow-up. While, 10 mg/kg dose gave a cure rate 
of 96.9%. Although the results appear to be 
dose-dependent, the treatment groups' 
difference was not statistically significant [25]. 
 

According to the study of Yazapanh et al., oral 
zinc sulfate seemed to have little effect on CL; 
because only 9% of patients were cured after 
being treated with 10 mg/kg/day for 45 days [26]. 
The absence of any secretion and ulcerative 
lesions in our patients, 1.5 months after 
completion of treatment, favored the diagnosis of 
dry-type leishmaniasis compared with the study 
of Sharique et al., in which oral zinc sulfate gives 
excellent therapeutic results [25]. The possible 
difference in drug resistance of Leishmania 
species in Iran and Iraq might have accounted 
for the failure of treatment in this study [26]. 

 
Table 1. Clinical effect of oral zinc sulfate against cutaneous leishmaniasis 

 

Dose Duration of treatment Number of patients Cure rate Reference 

2.5 mg/kg 45 day 31 83.9%  
25 5 mg/kg 45 day 29 93.1% 

10 mg/kg 45 day 32 96.9% 
10 mg/kg 45 day 31 9 % 26 
10 mg/kg 45 day 26 30.2% 27 
10 mg/kg 6 weeks 24 60% 28 



 
 
 
 

Salih and Yousef; IJTDH, 42(14): 26-31, 2021; Article no.IJTDH.74946 
 
 

 
29 

 

Another study revealed the effectiveness of zinc 
sulfate in comparison to systemic meglumine 
antimoniate injections. Acceptable cure after 
completing 45 days of follow-up occurred in 
30.2% of patients treated with 10mg/kg/day zinc 
sulfate, while it was 35.5% for the patient treated 
with antimoniates [27]. In another study, the cure 
rate of zinc sulfate10mg/kg/day was 60% within 
six weeks of therapy [28].  
 

4.4 The Effect of Combination of Oral 
Zinc Sulfate and Oral Ketoconazole 

 
The current standard treatment regimens for 
cutaneous leishmaniasis all involve mono-
therapy. The use of combination therapy may 
improve efficacy, and if toxic drugs can be used 
at lower levels, improve tolerance [29]. Single 
therapies, using oral zinc sulfate or oral 
ketoconazole, have given a good satisfactory 
result, while the combination of both drugs gave 
a cure rate of 96%, [20] which was comparable 
with intra-lesional sodium stibogluconate with a 
cure rate reaching 94% with one or two injections 
[30]. 
 

5. CONCLUSION 
 

Most studies showed that oral Zinc Sulfate was 
effective in treating cutaneous leishmaniasis. 
More research is required to determine its daily 
proper dose and concentration, duration, and 
possible side effects. 
 

CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. World Health Organization (WHO). The 
leishmaniasis. Technical report, 1990:793, 
27. 

2. Desjeux P. Leishmaniasis: Current 
Situation and New Perspectives. Comp 
ImmunolMicrobiol Infect Dis. 2004;27:305-
318.  

DOI:https://doi.org/10.1016/j.cimid.2004.03
.004. 

3. Blum J, Buffet  P, Visser  L, Harms  G, 
Bailey  MS, Caumes  E. Leish Man. 
Recommendations for Treatment of 
Cutaneous and Mucosal Leishmaniasis in 
Travelers. J Travel Med. 2014;21(2):116–
129.  
DOI: https://doi.org/10.1111/jtm.12089. 

4. Uzun S, Gürel MS, Durdu M, Akyol M, 
Fettahlıoğlu Karaman B, Aksoy M. Clinical 
practice guidelines for the diagnosis and 
treatment of cutaneous leishmaniasis in 
Turkey. Int J Dermatol. 2018;57(8):973–
982.  
DOI: https://doi.org/10.1111/ijd.14002. 

5. Bryceson ADM, Hay RJ. Parasitic worms 
and protozoa in Rook Textbook of 
Dermatology, R. H. Champion, J. L. 
Burton, D. A. Burns, and S. M. Breathnach, 
Eds. Blackwell Science, London, UK, 6 
edition. 1998;1411–1412. 

6. Oumeish OY. Cutaneous leishmaniasis: a 
historical perspective.Clin Dermatol. 1999; 
17(3):249–254. 

7. Lawn SD, Yardley V, Vega-Lopez F, 
Watson J, Lockwood D.N. New World 
Cutaneous Leishmaniasis in Returned 
Travelers: Treatment Failures Using 
Intravenous Sodium Stibogluconate. Trans 
R Soc Trop Med Hyg. 2003;97:443-445. 
DOI:https://doi.org/10.1016/s0035-
9203(03)90084-8  

8. Neldner KH. Zinc deficiency and the skin. 
In S Maddin, Current Dermatological 
Therapy, WB Saunders & Co., Philadelphia 
1982b;50-54. 

9. Gupta M, Mahajan VK, Mehta KS, 
Chauhan PS. Zinc Therapy in Dermatology 
A Review. Dermatol Res Pract. 2014;1–11.  
DOI: https://doi.org/10.1155/2014/709152. 

10. Prasad A.S. Clinical, immunological, anti-
inflammatory and antioxidant roles of zinc. 
Exp Gerontology. 2008; 43:370–377.  
DOI:https://doi.org/10.1016/j.exger.2007.10
.013. 

11. Shankar A.H, Prasad A.S. Zinc and 
immune function: the biological basis of 
altered resistance to infection. Am J 
ClinNutr. 1998; 68 (suppl):447S– 463S. 
DOI:https://doi.org/10.1093/ajcn/68.2.447S 

12. Prasad AS. Zinc: role in immunity, 
oxidative stress and chronic inflammation. 
Curr Opin Clin Nutr Metab Care. 2009; 
12:646-652.  
DOI:https://doi.org/10.1097/MCO.0b013e3
283312956. 

https://doi.org/10.1016/s0035-9203(03)90084-8
https://doi.org/10.1016/s0035-9203(03)90084-8


 
 
 
 

Salih and Yousef; IJTDH, 42(14): 26-31, 2021; Article no.IJTDH.74946 
 
 

 
30 

 

13. Prasad A.S. Zinc disorders. In: Ston J. ed. 
Dermatology Immunology and Allergy. St 
Louis: C. V. Mosbey and Co., 1985:              
759-65. 

14. Rink L., Kirchner H., Zinc-Altered Immune 
Function and Cytokine Production. J Nutr. 
2000;130(5):1407S–1411S. DOI: 
https://doi.org/10.1093/jn/130.5.1407S. 

15. Steigerwald M., Moll H. Leishmania major 
modulates chemokine and chemokine 
receptor expression by dendritic cells and 
affects their migratory capacity. Infect 
Immun. 2005;73:2564. 

DOI: https://doi.org/10.1128/IAI.73.4.2564-
2567.2005 

16. Ritter U, Moll H. Monocyte chemotactic 
protein-I stimulates the killing of 
Leishmania major by human monocytes, 
acts synergistically with IFNgamma and is 
antagonized by IL-4. Eur J Immunol. 
2000;30:3111-20.  

DOI:https://doi.org/10.1002/1521-
4141(200011)30:11<3111::AID-
IMMU3111>3.0.CO;2-O. 

17. Constantinescu CS, Hondowicz BD, Elloso 
MM, Wysocka M, Trinchieri G, Scott P. The 
role of IL-12 in the maintenance of an 
established Thl immune response in 
experimental leishmaniasis. Eur J 
Immunol. 1998;28:2227-33.  

DOI: https://doi.org/10.1002/(SICI)1521-
4141(199807)28:07<2227::AID-
IMMU2227>3.0.CO;2-N. 

18. Griffthis WAD, Croft SL. Cutaneous 
leishmaniasis. Postgrad Doctor Middle 
East 1980;3:338-40. 

19. Griffiths WAD, Sodeify M. Use of 
metronidazole in cutaneous leishmaniasis. 
Arch Dermatol 1976;112:1791. 

20. Al-MullaHummadi YM, Al-Bashir NM, 
Najim RA. The mechanism behind the 
antileshmanial effect of zinc sulphate II 
effects on the enzymes of the 
parasites.Ann Trop Med Parasitol. 2005; 
99:131-139. 

DOI:https://doi.org/10.1179/136485905x19
900  

21. Bar-Even A, Flamholz A, Noor E, Milo R. 
Rethinking glycolysis: on the biochemical 
logic of metabolic pathways. Nat Chem 
Biol. 2012;8:509–517.  

DOI: https://doi.org/10.1038/nchembio.971 
 

22. Najim RA, Sharquie KE, Faarjou IB. Zinc 
sulfate in the treatment of cutaneous 
leishmaniasis: an in vitro and animal 
studyMemInst Oswaldo Cruz. 1998; 
93(6):831-837.  

DOI:https://doi.org/10.1590/s0074-
02761998000600025. 

23. Fattahi Bafghi A, Noorbala M, Taghi 
Noorbala M, Aghabagheri M. Anti 
Leishmanial Effect of Zinc Sulphate on the 
Viability of Leishmania tropica and L. 
major Promastigotes. Jundishapur J 
Microbiol. 2014;7(9):e11192. 

24. Zamani F, Alavi AM. Therapeutic effect of 
sodium selenite and zinc sulphate as 
supplementary with meglumineantimoniate 
against cutaneous leshmaniasis in BALB/C 
MICE.Iranian J Parasitol.2010;5(3):11-19. 

25. Sharquie KE, Najim RA., Farjou IB, Al-
Timimi DJ. Oral Zinc Sulphate in the 
treatment of acute cutaneousleishmaniasis 
cutaneous. Clin Exp Dermatol. 200l;26(1): 
21-26. 

DOI:https://doi.org/10.1046/j.1365-
2230.2001.00752.x. 

26. Yazdan Panah MJ, Mostoufi SK, Soleimani 
M. Oral Zinc Sulfate in the treatment of 
acute cutaneous Leishmaniasis. Iranian 
Red Crescent Medical J.2007; 9(4):205-
208. 

27. Yazdan panah MJ, Banihashemi M, 
Pezeshkpoor F, Khajedaluee M, Famili S, 
Rodi IT, Yousefzadeh H. Comparison of 
oral zinc sulphate with systemic 
meglumineantimoniate in the treatment of 
cutaneous leshmaniasis. Dermatol Res 
Pract. 2011; 269515-4. 

DOI: https://doi.org/10.1155/2011/269515 

28. Sharquie KE, Noaimi AA, Al-Salam WS. 
Treatment of acute cutaneous 
leshmaniasis by oral zinc sulfate and oral 
ketoconazole singly and in combination. 
Dermatol Sci Appl. 2016;6:105-115.  

DOI:https://doi.org/10.4236/jcdsa.2016.630
14 

29. Miranda-Verastegui C, Tulliano G, Gyorkos 
TW, Calderon W, Rahme E, Ward B, 
Matlashewski G. First-Line Therapy for 
Human Cutaneous Leishmaniasis in Peru 
Using the TLR7 Agonist Imiquimod in 
Combination with Pentavalent Antimony. 
PLoSNegl Trop Dis. 2000;3(7):e491. 

 

 

https://dx.doi.org/10.1128%2FIAI.73.4.2564-2567.2005
https://dx.doi.org/10.1128%2FIAI.73.4.2564-2567.2005
https://doi.org/10.1179/136485905x19900
https://doi.org/10.1179/136485905x19900
https://doi.org/10.1038/nchembio.971
https://doi.org/10.1590/s0074-02761998000600025
https://doi.org/10.1590/s0074-02761998000600025
https://dx.doi.org/10.1155%2F2011%2F269515
http://dx.doi.org/10.4236/jcdsa.2016.63014
http://dx.doi.org/10.4236/jcdsa.2016.63014


 
 
 
 

Salih and Yousef; IJTDH, 42(14): 26-31, 2021; Article no.IJTDH.74946 
 
 

 
31 

 

DOI:https://doi.org/10.1371/journal.pntd.00
00491. 

30. Berman JD, Waddell D, Hanson BD. 
Biochemical Mechanisms of the 

Antileishmanial Activity of Sodium 
Stibogluconate. Antimicrob Agents 
Chemother. 1985;27:916-920.  

DOI: https://doi.org/10.1128/aac.27.6.916 
_________________________________________________________________________________ 
© 2021 Salih and Yousef; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/74946 

https://dx.doi.org/10.1128%2Faac.27.6.916
http://creativecommons.org/licenses/by/4.0

