
INTRODUCTION
Global public health is seriously threatened by leishmaniasis, 
a neglected tropical disease that is expanding quickly.It is 
brought on by several types of protozoan parasites known 
as Leishmania, which are spread via the sand fly bites from 
females.1 A broad variety of protozoa in the genus Leishmania 
are responsible for the vector-borne illness leishmaniasis. 
There are three main ways it presents itself: cutaneous, 
mucocutaneous, and visceral.2 Bright yellow chemical 
curcumin (CUR) is added to meals as an ingredient. The 
literature review has recently focused a lot of emphasis on CUR 
and the bioactive chemicals that are related to it. This systematic 
review aims to give an overview of CUR’s antileishmanial 
properties and mechanism; potentially, the study’s findings 
will lead to therapeutic and preventive applications.3 Visceral, 
mucocutaneous, and cutaneous symptoms are the main 
manifestations of this illness, which presents an urgent risk 

because of the high rates of morbidity and mortality. Curcumin 
has several medicinal benefits, two of which are related to its 
anti-inflammatory and antioxidant qualities.4 With or without 
the use of herbal extracts, electrospinning is a simple and 
effective technique for creating nanofibers of various diameters 
by using electric force to pull charged threads out of polymer 
solutions.5 This work aimed to identify various bioactive 
compounds from the methanolic extract of C. longa rhizomes 
through a thorough phytochemical analysis, evaluate the 
extract’s antioxidant potential through in-vitro testing using 
the DPPH free radical scavenging assay, and investigate the 
possible uses of curcumin as a natural antioxidant source in 
various industries.6 The protozoan can be identified in both 
cutaneous or mucosal ulcers (particularly at the borders) and 
non-ulcerated lesions. Another diagnostic method that must 
be obtained at the active edge of the lesion is a biopsy with an 
amount from two to twenty in one cell, the smear can reveal 
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parasites in free form, inside macrophages or, less often, in 
polymorphonuclear leukocytes Its dimensions are 2 to 5 μm 
in length and 1 to 2 μm in breadth, with an oval or pyriform 
shape with a rounded or oval nucleus.7 Systemic therapy such 
as intramuscular or intravenous pentavalent antimonials, oral 
miltefosine, or intramuscular pentamidine isethionate, as well 
as topical medications such as paromomycin and intralesional 
application of pentavalent antimonials, are available for the 
treatment of CL.8

Types of Leishmaniasis

Mucocutaneous leishmaniasis (ML) 
Mucocutaneous leishmaniasis, commonly called “espundia,” 
is characterized by the pharyngeal and oral-nasal canals 
deteriorating, sometimes leading to abnormalities. Years 
after cutaneous leishmaniasis, it happens. The early signs and 
symptoms are merely minor nasal irritation and stuffiness, 
though ulceration and septal perforation may emerge gradually.9 

Figure 1 shows mucocutaneous leishmaniasis (MCL). A study 
has reported patient who developed ocular leishmaniasis as 
an uncommon side effect of long-term immunosuppressive 
therapy-induced multifocal MCL masquerades as an idiopathic 
midline granulomatous illness.10 Leishmaniasis diagnosis 
is made more difficult by the fact that it can mimic both 
infectious and malignant disorders. For the same species, 
different endemic regions may respond differently to the same 
medication. Given that specific species of diseases have a 
higher probability of causing visceral involvement, knowing 
the species is very helpful in real-world situations.11

Visceral leishmaniasis (VL)
The protozoan Leishmania donovani, which belongs to the 
Kinetoplastida class, is the cause of visceral leishmaniasis 
(VL), commonly referred to as kala-azar. The disease known as 
VL, which can be lethal if untreated, is spread by phlebotomine 
sand flies it, is shown in Figure 2. Five nations account for 
90% of the 500,000 yearly cases of VL: Sudan, Bangladesh, 
India, Nepal, and Brazil. 200 million people in more than 
60 nations are impacted by VL.by 2015, the World Health 
Organization (WHO) hoped to abolish tropical diseases that 
are often ignored, such as VL.12

Cutaneous leishmaniasis
There are several clinical symptoms associated with 
leishmaniasis, the most prevalent of which is cutaneous 
leishmaniasis. The disease’s epidemiology and clinical features 
vary greatly because of the interactions between various 
parasites, hosts, vectors, and environmental factors. Figure 
3 shows microscopic picture of Leishmania.13 Leishmaniasis 
is a disease caused by a genus of protozoan parasites, and the 
main carriers of the disease are sandflies, especially female 
Phlebotomus and Lutzomyia species. Leishmaniasis has 
been identified by the World Health Organization (WHO) as 
a neglected tropical disease (NTD), highlighting the illness’s 
substantial effects on public health and society, particularly 
among low-income populations.14 One of the biggest global 
health issues, leishmaniasis, is becoming more common. 
Travelers returning from endemic areas are observed to exhibit 
it in Northern Europe. Sandflies carry the protozoa, which 
can cause anything from a minor ulcer to a deadly systemic 
illness. Leishmania braziliensis lesions have the potential to 
develop into “espundia,” a mucocutaneous variant, and should 
be treated with systemic antimony.15

Drugs for leishmaniasis treatment
The conventional therapy for pentavalent antimony (Sb5+) has 
long been in place. Pentamidine, on the other hand, was taken 
off the market due to growing toxicity and resistance, while 
amphotericin B, although effective, can be extremely costly and 
necessitate hospitalization. Multiple medication combination 
therapy has demonstrated superior efficacy, resulting in 
reduced adverse effects and shortened treatment durations. 
Drug resistance has also been brought on by incorrect drug use. 
We shall go into further depth about the many kinds of these 
drugs.16 These symptoms are frequently linked to the host’s 
immunological state. Studies on the mechanisms of action of 
medications used to treat leishmaniasis are scarce. Previous 
research has demonstrated that sodium stibogluconate [Sb(V)] 
inhibits amastigotes from generating macromolecules.17 
Pentavalent antimony (Sb 5+)
Under certain conditions, sodium stibogluconate and 
meglumine antimoniate (MA), two pentavalent antimony 
medicines, have demonstrated considerable promise in treating 
both cutaneous leishmaniasis (CL) and visceral leishmaniasis 
(VL). For the treatment of CL, the WHO advises utilizing both 
intralesional and systemic antimonials. Because intralesional 
injection permits high local concentrations of the medicine 
with few systemic side effects, it is especially advantageous for 
treating isolated CL lesions. The World Health Organization Figure 1: Mucocutaneous leishmaniasis

Figure 2: Visceral leishmaniasis
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recommends treating the lesion by injecting 1-3 cc of 
pentavalent antimony solution under it until the skin is pale.18

Amphotericin B
Visceral leishmaniasis (VL) is treated with specific anti-
leishmanial drugs in conjunction with strict control of any 
coexisting infections, anemia, and malnourishment. In 
many areas, pentavalent antimonials have long been the 
recommended treatment for viral load. As previously stated, 
studies have shown that cholesterol in the host membrane 
is essential for Leishmania promastigotes to adhere to and 
infiltrate macrophages.19 Cholesterol from membranes has 
been removed with the application of methyl-β-cyclodextrin 
(MβCD). When macrophages are treated in-vitro with 
MβCD, membrane cholesterol is eliminated, which decreases 
Leishmania promastigotes’ ability to bind and infect them. 
Since prehistoric times, people have mostly derived their 
therapeutic ingredients from plants. Throughout history, they 
have had a significant impact on economic, intellectual, and 
cultural pursuitsm.20

Ambisome (Liposomal Amphotericin B)
Ambisome (liposomal amphotericin B) is a tiny molecule that 
has the ability to efficiently infiltrate tissues and circulate in the 
body for a prolonged duration. They are spherical vesicles with 
lipid bilayers encircling an aqua core, and they show incredible 
pharmacokinetic effects. Moreover, the goal of liposomes is 
to maximize antifungal activity while reducing drug toxicity. 
AmB’s liposome architecture and improved stability may make 
it possible for the active ingredient to more successfully engage 
bacteria at several infection sites.21

Vaccine against leishmaniasis
The most economical method of preventing infectious diseases 
is vaccination. There are various types of vaccinations that 
fall under this category: DNA vaccines, subunit vaccines, 
lethal vaccines, attenuated vaccines, virus-like particle 
(VLP) vaccines, and recombinant vaccines. Immunological 
reactions triggered by preventative vaccinations improve 
memory cell production, which is essential for managing 
illnesses. Moreover, vaccinations support humoral and cellular 
immunity, especially cytotoxic cells and a strong Th1 response, 
both of which are critical for eliminating infections.22

First-generation vaccines

Prophylaxis
One of the ingredients in first-generation leishmaniasis 
vaccines is whole-killed parasites. These vaccinations might 
be made in underdeveloped nations for extremely little money. 
Interest in vaccine development has increased as a result of 
this benefit. Human clinical trials have recently examined three 
distinct kinds of first-generation vaccines using L. major, L. 
amazonensis, and L. mexicana.23 Sandflies are the primary 
vector of canine leishmaniosis (CanL), a serious zoonosis 
that can possibly kill both people and canines. Worldwide, 
there are infections brought on by various Leishmania species 
in a range of geographical locations with diverse climatic 
circumstances. Human leishmania infection has been classified 
into three types based on clinical manifestations: cutaneous, 
mucocutaneous, and visceral.24

Second- Generation vaccine 

Live vaccinations 
This group comprises genetically engineered vaccinations that 
lack vital genes such as biopterin transporter, dihydrofolate 
reductase, cysteine proteinase, and/or thymidylate synthase. 
These altered parasites have the ability to successfully trigger 
adaptive immune reactions, which inactivate the infection and 
render vaccinated persons healthy. The Leishmania genome 
also uses suicide cassettes as a tactic. Nonetheless, a number of 
studies indicate that long-term immunity against leishmaniasis 
may result from immune responses against live infections that 
carry distinct antigens.25

Vaccines based on purified Leishmania antigens
Leishmania’s ability to get past immune barriers is essential to 
its survival within its mammalian host. Due to its intracellular 
nature, Leishmania directly eludes humoral immune responses, 
but it also makes itself vulnerable to cell-mediated immunity. 
As part of its subversive activity, Leishmania upregulates 
nitric oxide (NO), IFN-γ, and inducible nitric oxide synthase 
(iNOS). Additional second-generation vaccines exist in the 
form of isolated Leishmania sub-fractions, which may contain 
the parasite’s proteins or lipophosphoglycan.26

Third-generation vaccination 
Their dissemination doesn’t necessitate a cold chain, and 
they can effectively blend several genes into one product. 
DNA vaccines function by promoting innate immunity, 
which sets off future immune reactions. This happens via the 
nonmethylated CpG sequences that are commonly present in 
the DNA of bacteria. It is possible to produce recombinant 
proteins with a prolonged half-life and native shape by use of 
robust host cell replication.27

Origins of curcumin
Natural plant products have been used for many different 
reasons throughout human history. Numerous plants that 
naturally produce these compounds have coevolved with 
mammalian life over billions of years. Numerous natural 
substances have biological or pharmacological qualities that 
can be applied to the development and discovery of new 

Figure 3: Cutaneous leishmaniasis
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pharmaceutical drugs.28 The phytochemical curcumin, which 
has anticancer properties, was isolated from the rhizomes of 
Curcuma longa L. It’s likely that curcumin is more toxic to 
tumor cells in particular and less dangerous to healthy ones. 
Similarly, curcumin can particularly change how cytotoxic 
a variety of chemotherapy medications are to tumor cells.29

Medical interventions of curcumin 
Chronic inflammation is a major factor in diseases associated 
with lifestyle choices, including obesity and poor glucose 
tolerance, as well as cardiovascular disorders. A naturally 
occurring substance called curcumin has been demonstrated 
to offer several physiological benefits in addition to anti-
inflammatory qualities. On the other hand, curcumin is seldom 
bioavailable in humans. It is anticipated that over time, more 
data will become available about the clinical use of curcumin 
in disorders linked to a chronic inflammatory lifestyle.30

Curcumin as a traditional medicine 
For millennia, traditional medicines from all around the world 
have used turmeric. Turmeric is thought to provide several 
health advantages in Ayurvedic traditions. It is claimed to 
cure arthritis, ease gallstones, reduce gas, get rid of worms, 
enhance digestion, control menstruation, and promote general 
energy. Turmeric is used as an antibacterial and antiseptic in 
South Asian countries to heal burns, wounds, and bruises. As 
a cholagogue, it helps the body digest fats better by promoting 
the production of bile in the liver and its expulsion through 
the gallbladder.31

Antileishmanial activity in-vivo studies 
Antileishmanial activity in-vivo investigations have 
demonstrated encouraging outcomes with a variety of 
substances. With IC50 values similar to those of the common 
medication miltefosine, fisetin, 3-hydroxyflavone, and luteolin 
demonstrated strong antileishmanial action. Quercetin also 
showed some in-vivo effect, suppressing the infection by 15.3%. 
In mouse studies, mahanine exhibited strong antileishmanial 
action, causing nearly total parasite clearance and boosting 
immunological responses. These results demonstrate the 
variety of sources for substances having antileishmanial 
characteristics.32

Mechanism involved in curcumin
Throughout history, functional foods have been utilized for 
medical purposes. Growing interest has been seen in studies 
on dietary supplements and functional foods for a range of 
illnesses in the last few decades. One of the most researched 
functional foods is turmeric, sometimes referred to as C. 
longa L. or C. domestica Valeton. Turmeric is a member of the 
Zingiberaceae family and is mostly grown in Asia’s tropical 
regions. It is also known as turmeric root or yellow root. The 
plant has funnel-shaped, yellowish blooms and oblong leaves, 
usually reaching a height of 3 to 5 feet. Well-drained sandy 
or clay loam soils with a pH of 4.5 to 7.5 and a high organic 
matter content are ideal for the growth of turmeric.33 
Anti-inflammatory effects of curcumin

The skin is a vital organ that is involved in numerous bodily 
functions. It functions as a thermal regulator, a sensory 
receptor, an excretory and secretory organ, and a protective 
layer. Furthermore, it actively participates in a variety of 
metabolic activities. The body’s internal organ functions 
and overall health can be externalized through the skin. Skin 
alterations occur in conjunction with other illnesses or as a 
side effect of medicine. They may also result from a fungal, 
bacterial, or viral infection or from a contact allergy. Plant-
based treatments are an effective treatment for many skin 
conditions.34 The four parts of the inflammatory process 
are effectors, sensors, mediators, and inducers. There is still 
a great deal of confusion around the distinct physiological 
and pathological pathways of inflammation brought on by 
different inflammatory triggers. Generally speaking, drugs 
that have anti-inflammatory properties work by blocking a 
medium’s influence on a target tissue, producing mediators 
that counteract inflammation, controlling how target tissues 
react to inflammatory mediators, and influencing receptors 
and signaling pathways. By preventing the synthesis of 
pro-inflammatory mediators and altering pro-inflammatory 
signaling pathways, curcumin lowers inf lammation and 
interacts with peroxisome proliferator-activated receptor 
gamma (PPARγ) to suppress NF-κB. Clinical trials, animal 
studies, and experimental/research findings are linked to the 
inflammatory process of the aforementioned disorders in this 
review.35

Immunomodulation
A spherical, non-motile amastigote that differs from 
promastigotes both morphologically and biochemically is 
the form that Leishmania takes during its simple two-stage 
life cycle: the intracellular phase and the life stage, when the 
parasite multiplies inside phagolysosomes found in virtual 
cells.36 Numerous in-vitro and in-vivo studies have been 
conducted to investigate the wide range of biological and 
pharmacological activities of the bioactive compounds present 
in turmeric species. These activities include antioxidant, 
anti-inflammatory, anticancer, hepatoprotective, antifungal, 
antihypertensive, neuroprotective, and immunomodulatory 
effects. The bioactive substances found in six species of 
turmeric are the main subject of this article. Comprehensive 
mechanistic evaluations of the immunomodulatory impacts 
of several species are available in the literature. It offers 
a comprehensive analysis of the impacts of various plant 
extracts on the immune system in addition to a synopsis of 
their fundamental mechanisms of action.37

Antioxidant properties curcumin
Curcumin, the active component of turmeric, and its fat- and 
water-soluble derivatives have powerful antioxidant properties 
that are comparable to those of vitamins C and E. Ischemia 
research has shown that pretreatment with curcumin reduced 
changes in the heart caused by ischemia. Curcumin has been 
shown to inhibit cyclosporin A-resistant phorbol myristate-
acetate + anti-CD28-associated T-cell proliferation pathway. In 
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addition, curcumin decreases malondialdehyde (MDA) levels 
and increases glutathione (GSH), testosterone, and glucose-6- 
phosphate dehydrogenase (G6PD) to reduce testicular damage 
caused by exposure to di-n-butyl phthalate (DBP).38

CONCLUSION 
In conclusion, curcumin has significant potential as a natural 
and affordable therapeutic agent for leishmaniasis, potentially 
filling the critical need for new medicines against this neglected 
tropical illness. Especially in settings with low resources where 
the disease burden is greatest, its incorporation into standard 
clinical practice could make a major contribution to worldwide 
efforts to manage and eradicate leishmaniasis. The study 
highlights curcumin’s powerful antileishmanial properties and 
demonstrates how well it works to treat leishmaniasis. Due 
to its diverse modes of action, which include regulating host 
immune responses and preventing parasite growth, curcumin is 
a highly promising therapy option for leishmaniasis. A number 
of investigations has clarified curcumin’s capacity to interfere 
with important cellular functions in Leishmania parasites. 
These understandings of its mechanism of action offer a strong 
basis for additional research and development of curcumin-
based treatments for leishmaniasis Curcumin, it is significant, 
has a positive safety profile that suggests that it may be used as 
a leishmaniasis treatment. Its high degree of tolerance allays 
worries about side effects that are frequently connected to 
prescription drugs. Even though curcumin exhibits potential, 
issues with pharmacokinetics and bioavailability must 
be resolved before it can be successfully used in clinical 
settings. To optimize curcumin’s therapeutic efficacy, more 
research must be done to improve the drug’s formulation and 
distribution. The results highlight the necessity of additional 
investigation to maximize curcumin-based therapies for the 
treatment of leishmaniasis.   

REFERENCES
1.	 Kunchandy E, Rao MNA. Oxygen radical scavenging activity 

of curcumin. International Journal of Pharmaceutics 1990; 
58(3): 237-240 Available from: https://doi.org/10.1016/0378-
5173(90)90201-E

2.	 Elamin M, Al-Olayan E, Abdel-Gaber R, Yehia RS. Anti- 
proliferative and apoptosis induction activities of curcumin 
on Leishmania major. Revista Argentina de Microbiología2021 
Jul 1;53(3):240–7.Availabe  from : https://doi.org/10.1016/j.
ram.2020.08.004

3.	 Saberi R, Fakhar M, Asfaram S, A k ht a r i  J, Nakhaei 
M, Keighobadi M. A Systematic Literature Review of 
Curcumin with Promising Ant ileishmanial Act ivity.  
Infectious Disorders - Drug Target 21(3):363–9. Available from 
DOI: 10.2174/1871526520666200525013458

4.	 Tiwari B, Pahuja R, Kumar P, Rath SK, Gupta KC, Goyal N. 
Nanotized Curcumin and Miltefosine, a Potential Combination 
for Treatment of Exper imental Visceral Leishmaniasis. 
Antimicrob Agents Chemother. 2017 Feb 23;61(3):10.1128/ 
aac.01169-16.Available form . https://doi.org/10.3762/bjnano.15.4

5.	 Salehi B, Abu-Darwish MS, Tarawneh AH, Cabral C, Gadetskaya 
AV, Salgueiro L, Hosseinabadi T, Rajabi S, Chanda W, SharifiRad 
Antimicrobial resistance collaborators global burden of bacterial 

antimicrobial resistance in 2019: a systematic analysis. Lancet. 
2022;399:629-55. doi: 10.1016/S0140-6736(21)02724-0.Available 
from : doi: 10.3390/ijerph19084666 

6.	 David CV, Craft N. Cutaneous and mucocutaneous leishmaniasis. 
Dermatol Ther. 2009;22(6):491–502.Available from DOI: 
10.1016/j.jaad.2014.09.014 

7.	 Rastogi v, nirwan p. cutaneous leishmaniasis: an emerging 
infection in a non-endemic area and a brief update. Indian Journal 
of Medical Microbiology 2007 jul 1;25(3):272–5.Available from 
https://doi.org/10.1016/S0255-0857(21)02121-6 

8.	 Clemente CM, Murillo J, Garro AG, Arbeláez N, Pineda T, 
Robledo SM, et al. Piperine, quercetin, and curcumin identified 
as promising natural products for topical treatment of cutaneous 
leishmaniasis. Parasitol Res. 2024 Apr 18;123(4):185.Available 
from https://doi.org/10.1016/j.biocel.2008.06.010 

9.	 Goto H, Lindoso JAL. Current diagnosis and treatment of 
cutaneous and mucocutaneous leishmaniasis Expert Review of 
Anti-infective Therapy  2010 Apr 1;8(4):419–33.Available from 
https://doi.org/10.1586/eri.10.19

10.	 Remadi L, Haouas N, Chaara D, Slama D, Chargui N, Dabghi R, 
et al. Clinical Presentation of Cutaneous Leishmaniasis caused 
by Leishmania major. Dermatology. 2017 Mar 3;232(6):752–9.
Available from  DOI: 10.1159/000456543

11.	 Handler MZ, Patel PA, Kapila R, Al-Qubati Y, Schwartz RA. 
Cutaneous and mucocutaneous leishmaniasis: Differential 
diagnosis, diagnosis, histopathology, and management. Actas 
Dermo-Sifiliográficas (English Edition) 2015 Dec 1;73(6):911–26.
Available from DOI: 10.1016/j.jaad.2014.09.014

12.	 Moore EM, Lockwood DN. Treatment of Visceral Leishmaniasis. 
Journal of Global Infectious Diseases2010;2(2):151–8.Available 
from DOI: 10.4103/0974-777X.62883

13.	 Bailey MS, Lockwood DNJ. Cutaneous leishmaniasis. Journal 
of Vector Borne Diseases. 2007 Mar 1;25(2):203–11.Available 
from DOI: 10.1016/j.clindermatol.2006.05.008

14.	 De Vries HJC, Schallig HD. Cutaneous Leishmaniasis: A 2022 
Updated Narrative Review into Diagnosis and Management 
Developments. Journal of Vector Borne Diseases. 2022 Nov 
1;23(6):823–40. Available from DOI: 10.1007/s40257-015-0114-z

15.	 Kunchandy E, Rao MNA. Oxygen radical scavenging 
activity of curcumin.International Journal of Pharmaceutics. 
1990;58(3):237-240 Available from  :http://dx.doi.org/10.1016/
S0378-8741(03)00043-6

16.	 Sundar S, Chakravarty J, Meena LP. Leishmaniasis: treatment, 
drug resistance and emerging therapies. Parasitology International 
Journal. 2019 Jan 2;7(1):1–10. Available from :https://www.
sciencedirect.com/science/article/abs/pii/S138357692400014X

17.	 Croft SL, Sundar S, Fairlamb AH. Dr ug Resistance in 
Leishmaniasis. Dermatology (2017) 232 (6): 752–759. Available 
from :DOI: 10.1128/CMR.19.1.111-126.2006

18.	 Coutinho De Oliveira B, Duthie MS, Alves Pereira VR. Vaccines 
for leishmaniasis and the implications of their development 
for American tegumentary leishmaniasis. Human Vaccine 
Immunother. 2020 Apr 2;16(4):919–30.Available from :doi: 
10.1080/21645515.2019.1678998

19.	 Chattopadhyay A, Jafurulla Md. A novel mechanism for an old 
drug: Amphotericin B in the treatment of visceral leishmaniasis. 
Biochemical Biophysical Research Communication . 2011 
Dec 9;416(1):7–12. Available from :https://doi.org/10.1016/j.
bbrc.2011.11.023

20.	 Russo R, Nigro LC, Minniti S, Montineri A, Gradoni L, 



Curcumin’s Antileishmanial Potential

IJDDT, Volume 14 Issue 3, July - September 2024 Page 1895

Caldeira L, et al. Visceral leishmaniasis in HIV infected 
patients: Treatment with high dose liposomal amphotericin B 
(AmBisome). Journal of Infection. 1996 Mar 1;32(2):133–7. 
Available from https://doi.org/10.1016/S0163-4453(96)91343-2

21.	 Trinconi CT, Reimão JQ, Yokoyama-Yasunaka JKU, Miguel 
DC, Uliana SRB. Combination Therapy with Tamoxifen and 
Amphotericin B in Experimental Cutaneous Leishmaniasis. 
Antimicrobical Agents Chemotherapy.. 2014 Apr 10;58(5):2608–
13. Available from :doi: 10.1128/AAC.01315-13

22.	 Noazin S, Modabber F, Khamesipour A, Smith PG, Moulton 
LH, Nasseri K, et al. First generation leishmaniasis vaccines: A 
review of field efficacy trials. Iranian Biomedical Journal. 2008 
Dec 9;26(52):6759–67. Available from doi: 10.52547/ibj.26.1.35

23.	 Wylie CE, Carbonell-Antoñanzas M, Aiassa E, Dhollander 
S, Zagmutt FJ, Brodbelt DC, et al. A systematic review of the 
efficacy of prophylactic control measures for naturally-occurring 
canine leishmaniosis, part I: Vaccinations. Emerging Infectious 
Diseases. 2019 Dec;. 2014 Nov 1;117(1):7–18. Available from: doi: 
10.3201/eid2512.190164

24.	 Duthie MS, Raman VS, Piazza FM, Reed SG. The development 
and clinical evaluation of second-generation leishmaniasis 
vaccines. Vaccine. 2012 Jan 5;30(2):134–41. Available from doi: 
10.1016/j.vaccine.2011.11.005

25.	 Sundar S, Singh B. Identifying vaccine targets for anti- leishmanial 
vaccine development. Expert Rev Vaccines. 2014 Apr;13(4):489–
505.Available from :doi: 10.1586/14760584.2014.894467

26.	 Osman M, Mistry A, Keding A, Gabe R, Cook E, Forrester S, et 
al. A third generation vaccine for human visceral leishmaniasis 
and post kala azar dermal leishmaniasis: First-in-human 
trial of ChAd63-KH. PLoS Neglected Tropical Disease. 2017 
May 12;11(5):e0005527. Available from :doi: 10.1371/journal.
pntd.0005527

27.	 Kunchandy E, Rao MNA. Oxygen radical scavenging activity 
of curcumin. International Journal of Pharmaceutics, 58, 237-
240. 1990;58(3).29. Available from : http://dx.doi.org/10.1016/
S0378-8741(03)00043-6

28.	 Shimizu K, Funamoto M, Sunagawa Y, Shimizu S, Katanasaka 
Y, Miyazaki Y, et al. Anti-inflammatory Action of Curcumin and 
Its Use in the Treatment of Lifestyle-related Diseases. European 
Cardiology Review. 2019 Jul 11;14(2):117–22. Available from: 
doi: 10.15420/ecr.2019.17.2

29.	 Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK. 
Turmeric and curcumin: Biological actions and medicinal 
applications. Journal of  Food Drug Analysis . . 2004;87(1):44–53. 

Available from:  doi: 10.38212/2224-6614.3454
30.	 Garnier T, Mäntylä A, Järvinen T, Lawrence J, Brown 

M, Croft S. In-vivo studies on the antileishmanial activity 
of buparvaquone and its prodrugs. J Antimicrobiological  
Chemother. 2007 Oct 1;60(4):802–10.Available from :  doi: 
10.1093/jac/dkm303.

31.	 Redkar M, Patil S, Nalkar S, Pandav A. A comprehensive review 
on floating pulsatile drug delivery system. World Journal of 
Pharmaceutical Research. 2019; 8(8):304-329. DOI: 10.20959/ 
wjpr20198-15265 

32.	 Panahi Y, Sahebkar A, Parvin S, Saadat A. A randomized 
controlled tr ial on the anti-inf lammatory effects of 
curcumin in patients with chronic sulphur mustard-induced 
cutaneous complications. Annals of Clinical Microbiology and 
Antimicrobials.2012 Nov 1;49(6):580–8.Available  from: DOI: 
10.1258/acb.2012.012040

33.	 Hewlings SJ, Kalman DS. Curcumin: A Review of Its’ Effects 
on Human Health. Foods. 2017 Oct 22;6(10):92.Available from: 
doi: https://doi.org/10.54393/df.v1i02.15

34.	 Costa-da-Silva AC, Nascimento D de O, Fer rei ra JR M, 
Guimarães-Pinto K, Freire-de-Lima L, Morrot A, et al. Immune 
Responses in Leishmaniasis: An Overview.Journal of Nutritional 
and Food Sciences 2022 Apr;7(4):54. Available from doi: 10.3390/
tropicalmed7040054:

35.	 Varalakshmi Ch, Ali AM, Pardhasaradhi BVV, Srivastava RM, 
Singh S, Khar A. Immunomodulatory effects of curcumin: 
In-vivo. Tropical Medicine and  Infectious Disease . 2022 
Apr;2008 May 1;8(5):688–700. Available from doi: 10.1016/j.
intimp.2008.01.008

36.	 Jakubczyk K, Drużga A, Katarzyna J, Skonieczna-Żydecka 
K. Antioxidant Potential   of   Curcumin—A   Meta-Analysis 
of Randomized Clinical Trials. Antioxidants (Basel). 2020 
Nov; 9(11): 1092..Available from :  doi: 10.3390/antiox9111092

37.	 Papież MA, Krzyściak W, Szade K, Bukowska-Straková K, 
Kozakowska M, Hajduk K, et al. Curcumin enhances the 
cytogenotoxic effect of etoposide in leukemia cells through 
induction of reactive oxygen species. Drug Design Development 
and Therapy.2016 Feb 4;10:557–70. Available from : doi: 10.2147/
DDDT.S92687

38.	 Rashid AE, Ahmed ME, Hamid MK. Evaluation of Antibacterial    
and Cytotoxicity Properties of Zinc Oxide Nanosponges   
Synthesized by Precipitation Method against Methicillinresistant 
Staphylococcus aureus. International Journal of Drug Delivery 
Technology. 2022, 12(3), 985-989. DOI: 10.25258/ ijddt.12.3.11


