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Abstract 
 
Anti-leishmanial medications administered by oral and parenteral routes are less 

effective for treatment of cutaneous leishmaniasis (CL) and cause toxicity, hence 

targeted and localized drug delivery methods, are efficient way to improve drug 

availability for CL. The aim of study was to develop nitazoxanide and quercetin co-

loaded nanotransfersomes (NTZ-QUR-NT) for topical delivery of drugs against CL. To 

prepare NTZ-QUR-NT thin film hydration method was used and they were statistically 

optimized by using Box-Behnken Design in terms of particle size, zeta potential (ZP), 

polydispersity index (PDI) and entrapment efficiency (EE) of both drugs. Lipid, 

surfactant and QUR concentrations were taken as independent variables. Transmission 

Electron Microscopy (TEM) analysis was performed for surface morphology and 

particle size assessment. Fourier-transform infrared spectroscopy (FTIR) was 

performed to identify any chemical interaction between components of the formulation. 

NTZ-QUR-NT were incorporated into 2% chitosan gel to prepare NTZ-QUR-NT gel 

(NTZ-QUR-NTG). In-vitro release of NTZ-QUR-NT, NTZ-QUR-NTG and NTZ, 

QUR dispersions were performed to check the release pattern of drugs. To evaluate the 

penetration behavior of NTZ-QUR-NT and NTZ-QUR-NTG as compared to NTZ and 

QUR gels (conventional gels), ex-vivo permeation study was performed using Franz 

diffusion cells. Macrophage uptake, cell viability and toxicity study were performed to 

investigate the macrophage targeting and potential toxic effects of NTZ-QUR-NT in 

comparison with NTZ-QUR dispersion. The anti-leishmanial assay was performed to 

evaluate the anti-leishmanial potential of NTZ-QUR-NT as compared to NTZ-QUR 

dispersion. 

The optimized formulation indicated particle size of 210.9 ± 3.67 nm, PDI of 0.155 ± 

0.009, ZP of -15.06 ± 1.48 mV and EE of NTZ and QUR 88.04 ± 0.01% and 85.14 ± 

0.02%, respectively. TEM analysis of the optimized NTZ-QUR-NT showed spherical 

and uniform particles. No chemical interaction between components of NTZ-QUR-NT 

was found after Fourier-transform infrared spectroscopy (FTIR) analysis. In-vitro 

release of NTZ and QUR from NTZ-QUR-NT and NTZ-QUR-NTG showed more 

sustained behavior as compared to NTZ, QUR dispersions. Significant increase in skin 

permeation of NTZ and QUR was observed in case of NTZ-QUR-NT and NTZ-QUR-

NTG in comparison to conventional gels. To ease the topical delivery the NTZ-QUR-

NT were dispersed in 2% chitosan gel. Skin deposition studies demonstrated the better 
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retention profiles of drugs in case of NTZ-QUR-NT and NTZ-QUR-NTG at dermal 

level. In-vivo skin irritation and histopathological findings did not show any topical 

irritation associated with NTZ-QUR-NTG. Macrophage uptake analysis showed that 

NTZ-QUR-NT cell internalization was almost 10-folds higher in comparison to NTZ-

QUR dispersion. It was clear from result that NTZ-QUR dispersion was distributed 

rather than particularly internalized by macrophage. The cytotoxicity result showed that 

NTZ-QUR-NT have CC50 value of 71.95 ± 3.32 µg/ml and NTZ-QUR dispersion have 

49.77 ± 2.15 µg/ml, respectively, which indicates that NTZ-QUR-NT is safer to use as 

compared to NTZ-QUR dispersion. Moreover, in-vitro anti-leishmanial assay presented 

that NTZ-QUR-NT have IC50 value of 3.15 ± 0.89 µg/ml against Leishmania tropica 

promastigotes which was 6.24-times lower than NTZ-QUR dispersion. For the deep-

seated infections like leishmaniasis, topical application of NTZ-QUR-NTG would be a 

suitable choice because of its targeted action and efficacy as evident in this study. 
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1.  INTRODUCTION 

1.1.  Leishmaniasis: A Tropical Neglected Disease 

Leishmaniasis is a parasitic infection which is common in tropical areas and being 

neglected for decades.  It is considered to be the ninth major cause of disease amid 

infected individuals (Alvar et al., 2012). It is caused by intracellular species of 

kinetoplast and protozoa from genus Leishmania and transmitted by vector sand fly of 

genera Phlebotomus. It is considered as disease of poor people living in developing 

countries and having low socioeconomic status (Sharma et al., 2021). Throughout the 

world 98 nations are endemic with leishmania and over 350 million individuals are at 

risk. From localized simple lesions to the complex diffused lesions which lead to the 

reticuloendothelial system to clinically leishmania can be divided into three main types 

visceral, muco-cutaneous and cutaneous leishmania (Desjeux, 2004). These distinctive 

clinical presentations are ascribable to immune system response diversification among 

different persons against various leishmania parasite variants (Surur et al., 2020). 

1.2.   Cutaneous Leishmaniasis (CL)  

CL is a serious health concern that can result in a wide range of illnesses, from chronic 

degenerative diseases to self-healing infections. CL is characterized by the development 

of abscesses and persistent skin inflammation (Scott and Novais, 2016). Tiny nodules, 

plaques, and lesions that resemble ulcers can all be found on the skin's surface. 

Leishmania major (L. major), Leishmania aethiopica (L. aethiopica) , and Leishmania 

tropica (L. tropica) are the main parasites that cause CL, and sand flies are the primary 

vector for the parasites' propagation into humans (Bailey, 2011; Batool et al., 2021). 

The amastigote form evolved to survive and even proliferate in challenging conditions 

inside the macrophage (Vannier-Santos et al., 2005; Rabia et al., 2020). 

CL can be categorized according to geographical location and dermatological 

symptoms (diffuse and localized). Amastigote and promastigote are CL's two 

developmental stage classifications (Baileyid et al., 2019). Amastigote form exists on 

the inside of mammalian macrophage cells, while promastigote is found in the sand 

fly's GIT. When a sand fly bites an infected mammal, it also absorbs macrophages and 

an amastigote, which develops into a promastigote in the midgut of the sand fly and 

matures there. The mature promastigote then proceeds in the direction of the fly's 
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proboscis and is now capable of infecting other healthy animals through bite (Valero 

and Uriarte, 2020). 

Although CL is a non-lethal disease, it sometimes causes major impairment and leaves 

permanent skin scars. The disease is typically self-curable in between six months and a 

year, but the main danger is the appearance of unsightly lesions, especially when they 

affect the face or other conspicuous areas of the body (Alvar et al., 2006). 

1.2.1  Incidence, prevalence, and parasite transmission of CL  

Globally, there are thought to be 0.7 to 1 million CL new cases every year. According 

to the 2019 Global Status report on diseases, there are 4.6 million instances with 

prevalent CL worldwide. Around 80% of CL cases recorded in 2020 were from 

Afghanistan, Brazil, Iraq, Pakistan, Iran and the Syrian Arab Republic (Hernández-

bojorge et al., 2020). There are several factors that contribute to the spread of disease 

to new regions, but the primary ones are ecological disruption, poor socioeconomic 

conditions, resistance, migration, and various immune system ailments (Bamorovat et 

al., 2018). Recent research has documented the impact of CL on Pakistan's various 

areas. The principal causative agent of anthroponotic CL and zoonotic CL was L. 

tropica and L. major, respectively, was found in the northern and western regions of 

Pakistan with substantial CL burdens. The main factors contributing to the spread of 

illness were unsanitary living circumstances, domestic animals and related waste, 

migration, the prevalence of pets, and outdoor sleeping practices (Khan et al., 2016).  

 

Leishmania infantum is primarily found in wild mammals like hare and dogs, and 

infection in humans requires either a sufficient anthroponotic or zoonotic transference 

to the host. In addition to the main method of transmission, which is vector 

transmission, the parasite can also spread by non-vector routes such as organ 

transplantation, blood product transfusion, and laboratory accidents, albeit transmission 

through these channels is seldom documented (Jamshaid et al., 2021). The principal 

host cell for parasite replication is the macrophage, where the parasite lives and 

multiplies as a result of multiple morphological changes, suppression of TNF, IL-12, 

and iNOS, as well as an increase in the levels of IL-10, PGE2, and TGF. T-cells, which 

are a component of the immune system, produce signals that aid in reducing the 

aforementioned process and the parasite burden (Christensen et al., 2018). 
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1.2.2.  Clinical manifestation and diagnosis of CL 

CL begins with the development of a papule at the site of infection, which is frequently 

found on exposed body parts like the face or extremities. The papule typically turns into 

a nodule with an ulcerogenic propensity (Abadías-Granado et al., 2021). Multiple or 

single CL lesions are possible, and the infection may progress through the lymphatic 

system to cause satellite lesions, sporotrichoid lesions, and enlargement of lymph nodes 

(de Carvalho et al., 2017). 

As a diagnostic parameter physical appearance of skin lesion is used but due to the 

similarity between clinical manifestations of CL with cutaneous cancer, fungal 

infections and leprosy differential diagnosis is required (Reithinger and Dujardin, 

2007). Molecular testing based on nuclear or kinetoplast DNA amplification is used to 

demonstrate the presence of Leishmania amastigotes in clinical specimens to make the 

diagnosis of leishmaniasis. Amastigotes are spherical, 1–4 µm in diameter, and have a 

distinctive rod-shaped structure called a kinetoplast. Until recently, the main methods 

for diagnosing CL were clinical symptoms, microscopic examination of the parasites 

in stained tissue or promastigote culture from tissue (Rasti et al., 2016).  

In many tropical areas where leishmaniasis is endemic, microscopic detection and 

parasite cultures are still used as the main diagnostic techniques (Marques et al., 2006). 

The gold standard for diagnosis has historically been the cultivation of promastigotes 

out from infected tissues and/or the direct detection of amastigotes in microscopy 

smears. These methods are not sensitive, but they're quite specific for detecting 

leishmaniasis. Since traditional parasitological approaches are insufficiently sensitive, 

the use of polymerase chain reaction (PCR) test has gradually taken over as the main 

method for diagnosing leishmaniasis. Currently, no one laboratory method is 

acknowledged as the gold standard for determining leishmanial infection. A "gold 

standard" status for the testing of CL by PCR appears to be on the horizon as a result 

of recent advancements in specimen collecting, transportation, and DNA extraction 

techniques (Pourmohammadi et al., 2010). Due to the absence of high technology 

instruments in health care settings of developing countries microscopic examination is 

most commonly use (Al-Jawabreh et al., 2006). 
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1.2.3.  Available therapies for CL 

Most of the time, CL has been seen to be self-healing. However, MCL and regional 

lymphangitis can seriously damage tissue. Full recovery takes months to years, and 

during this time the patient is prone to secondary infections, permanent scarring, and 

function impairment. Due to the scarcity of evidence-based data, the majority of 

treatment decisions must be made based on expert opinions regarding the course of 

leishmaniasis. In comparison to several other infectious disorders, identifying the 

Leishmania that is causing an infection is fairly challenging (Briones Nieva et al., 

2021). There is still a paucity of CL treatments that are both efficient and cheap. It 

wasn't considered a direct threat to industrialized nations until it was free of co-infection 

with HIV and AIDS. The lack of chemoprophylaxis or vaccination made CL 

chemotherapy less effective, which made it more difficult. Unfortunately, even basic 

microscopy isn't really available at the level of basic services in healthcare because the 

majority of cases are reported in distant areas (Briones Nieva et al., 2021).  

There are many options for treating CL. Pentavalent antimonials, such as pentostam or, 

sodium stibogluconate, and Glucantime, are typically regarded as the first-choice 

treatment for CL (Agrahari and Mitra, 2016). Pentamidine, miltefosine, amphotericin 

B, paromomycin, antifungals like ketoconazole, fluconazole, and itraconazole are 

considered as alternate therapies (Ferreira et al., 2004; Nazari-Vanani et al., 2018). 

Similarly, heat therapy or cryotherapy, and granulocyte macrophage colony-stimulating 

factor are some additional treatments (Minodier and Parola, 2007). 

1.2.4.  Problems with current therapies of CL 

Various issues are connected to the treatments that are currently available. For instance, 

sodium stibogluconate needs prolonged IV therapy and might cause toxicity; as a result, 

a longer hospital stays of up to 20 days may be required for complete treatment. 

Pentamidine and berbarin sulphate both cause pain and the production of scars at the 

injection site (Andrade-neto et al., 2018). Amphotericin-B is effective against fungus 

and leishmanial infections, but its usage has been constrained due to toxicity and 

systemic adverse effects. Nephrotoxicity and unpleasant effects due to infusion are its 

main limiting factors (Srivastava et al., 2011). 

 Miltefosine has been licensed for oral use in the treatment of leishmaniasis, but 

numerous unfavorable side effects, including gastrointestinal discomfort, hemolysis, 
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and nephrotoxicity, remain its main dose-limiting factors and contribute to low patient 

(Srivastava et al., 2017). Anti-leishmanial medications are now subject to the problem 

of drug resistance, which is becoming more and more common (Yasinzai et al., 2013). 

There are also no effective preventative Leishmania vaccinations, and the toxicity of 

the existing treatments is a problem. Finding novel treatments and developing them 

should be a key priority in light of these problems (Jamshaid et al., 2021).  

 

1.3.  Quercetin a Natural Flavonoid as Anti-leishmanial Agent 

Lack of effective immunizations and limited pharmacological alternatives for the 

disease emphasize the need to look for new therapeutic agents from both natural and 

synthetic drug pools. To overcome the problems of monotherapy like toxicity long 

duration of treatment, resistance emergence, combination therapy seems to be the best 

option (Tiwari et al., 2017). Plant based medicines are good alternative as they are 

cheap and have low or no side effects as compared to chemotherapy (Gervazoni et al., 

2020). Quercetin (QUR) a natural polyphenolic compound and it is most commonly 

used flavonoid because of its anti-cancer, anti-inflammatory, antioxidation and 

antileishmanial properties (Oryan, 2015). 

 

1.3.1.  Physicochemical properties of QUR 

The molecular formula of QUR is C15H10O7 and chemical name is 3,3,4,5,7, penta-

hydroxy flavone. It is less soluble in alcohols and practically insoluble in water. With 

low solubility it also has permeability issue due to presence of polar groups in sits 

structure (Maurya, 2022). 
 
Table 1.1. Physicochemical properties of QUR. 

Physical properties Description Reference 

Appearance Yellow orange powder  
(Mussoi et al., 2017) 

   
Molecular weight 302.24 g/mol 

Melting point 316.5 ºC 

Formal charge 0 
 

Log P 1.82 (Rothwell et al., 2005) 

pKa 6.38 

Solubility 0.17-7.7 µg/ml (Gao et al., 2009) 
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1.3.2.  QUR anti-leishmanial mechanism of action 

Basically, in macrophage two enzymes are acting on arginine one is parasite arginase 

which leads to formation of polyamines require for parasite replication and other is 

macrophagal nitric oxide synthase which lead to formation of nitric oxides which 

causes the parasite death. QUR shows its anti-leishmanial effect by inhibiting the 

arginase an important enzyme for parasite proliferation. (Sousa-Batista et al., 2017). It 

also causes the mitochondrial damage of parasite by increasing ROS level (Gervazoni 

et al., 2020). Another study showed that it is potent activator of nuclear factor-erythroid 

2 related factor 2 (Nrf2) which plays very important role for the regulation of genes that 

carry ARE motif like ferroportin and H-ferritin that are involved in regulation of labile 

iron. This labile iron is used by leishmania parasite inside the macrophage for 

replication and survival. But QUR act as iron chelator by using Nrf2/OH-1 to decrease 

the concentration of labile iron and increase the bound iron. As no labile iron will be 

available for parasite which lead to its death (Henrique et al., 2019). Figure 1.1 

demonstrates the anti-leishmanial mechanism of QUR. 

1.3.3.  Rational for QUR selection 

QUR showed IC50 value of 182.3 µg/ml for L. tropica promastigotes and 31.4 µM for 

L. amazonensis species promastigotes in previous studies (Mehwish et al., 2019). 

Toxicity studies showed no rise in hepatic or renal enzymes or other side effects like 

anemia, nephrotoxicity in case of chemotherapy. QUR has been purposed as potential 

candidate in combination with other antileishmanial agents for treatment of cutaneous 

leishmaniasis (Sarkar et al., 2002). 
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Figure 1.1A. QUR anti-leishmanial mechanism of action. Figure is designed via Biorender 
1.4.   Antiparasitic Drugs as Anti-leishmanial Agents 

Currently, Antiparasitic drugs that cause oxidative stress like increased production of 

reactive oxygen species and inhibit redox enzyme are considered novel therapeutic 

candidate for treatment of leishmaniasis (Pal and Bandyopadhyay, 2012). As redox 

system plays vital role in growth and development of leishmania parasites and cope 

with oxidative stress. But when redox enzymes are inhibited, and oxidative stress is 

increased redox system fail to protect the parasite which leads to its death (Simeonov 

et al., 2008; Pal and Bandyopadhyay, 2012). 

1.4.1.  Nitazoxanide (NTZ) 

Its  chemical name is 2-acetyloloxy-N-(5-nitro 2 thiazolyl) benzamide and it belongs to 

thiazolide class (Jr, 2004). It is immediately metabolized into its active form tizoxanide 

in human beings. Even though both nitazoxanide and its metabolite are equally potent, 

but it is easy to administer parent drug as compared to its metabolite because of its 
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lipophilic nature. Another reason is the phenolic moiety in metabolite cause irritation 

of gastrointestinal tract mucous membrane (Chan-Bacab et al., 2009). 

Earliest time nitazoxanide was used as anthelminthic for treatment of liver trematodes 

and intestinal nematodes in animals as reported by Jean Francois Rossignol in 

1975.while in 1984 for the first time it was used for human against taenia saginata and 

hyemenolepis nana as cestocidal agent. In 2002, it was approved by Food and Drug 

Administration (FDA) in USA for treatment of cryptosporidiosis and giardiasis. Oral 

suspension and tablets of nitazoxanide are also available commercially as Alinia® 

(Lancet and Diseases, 2014). 

 

1.4.2.  Physicochemical properties of NTZ 

NTZ is appeared as yellow crystalline powder that belongs to BCS class IV and 

insoluble in water. It is more soluble in methanol as compared to ethanol. The molecular 

formula of NTZ is C12H9N3O5S and molecular weight of NTZ is 302 g/mol and its 

boiling and melting point is 394 ºC and 202 ºC (Firake et al., 2017). 

 
Table 1.2. Physicochemical properties of NTZ. 

Physical properties Description Reference 

Appearance Crystalline powder (Firake et al., 2017) 

Color Yellow 

Molecular weight 307.283 g/mol 

Melting point 202 ºC 

Formal charge 0 

Log P 1.63 

Solubility 0.00755 mg/ml (Sood et al., 2020) 

 

1.4.3.  Pharmacokinetics and pharmacodynamics of NTZ 

When NTZ is taken orally and reached into blood it is converted into tizoxanide which 

is also called as diacetyl nitazoxanide by enzyme esterase. It is highly protein bound 

almost 99% of this active metabolite is bound to protein and excreted with feces while 

one third by urine. The elimination half-life of tizoxanide is 1.8 hr. the absorption of 

nitazoxanide is increased with food. NTZ is a broad spectrum antiparasitic drug which 

shows its action by inhibiting the important enzyme pyruvate ferredoxin oxidoreductase 
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(PFOR) which play critical role in energy metabolism of most of parasites and bacteria. 

Basically, NTZ inhibit the first step by hindering the binding of pyruvate to thiamine 

pyrophosphate which lead to no production of ATP and eventually parasites death as 

illustrated in Figure 1.2 (Anderson and Curran, 2007). 

 

Figure 1.2. Anti-leishmanial mechanism of Nitazoxanide. Figure is created via Biorender 

1.4.4.  Rational for NTZ selection 

In comparison to alternative treatments, nitazoxanide (NTZ) has a good side effect 

profile. NTZ is a more effective antiparasitic medication for leishmania than other 

second-line medicines that are primarily focused on bacterial or fungal species. (Gurgen 

et al., 2011) A total of 200 μg/mL nitazoxanide inhibits the growth of > 90% of 

promastigotes showing activity similar to that of the reference drug amphotericin B (P 

> 0.05) alone in the in-vitro conditions (Zhang et al., 2010). Recently, oral liposomes 

of NTZ were formulated for treatment of leishmania and results were showing better 
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efficacy even at very low doses as compared to conventional formulation (Gracielle et 

al., 2020). Due to its selective action on parasites and the need to produce new treatment 

for leishmaniasis, it was chosen to study the effects of NTZ in combination with QUR. 

1.5.  Transferosomes as Topical Drug Delivery System for CL 

Due to its benefits over oral or parenteral routes, World Health Organization (WHO) 

considers topical medication delivery systems to be the best option for treating 

cutaneous leishmania. Because it offers prolonged drug release, localized activity 

without first pass metabolism, and reduced systemic toxicity, the topical route is 

recommended (Agrahari and Mitra, 2016). The main issue with topical distribution is 

getting the desired effect into the deeper layers of the skin by penetrating through the 

stratum corneum. Thus, the ideal delivery method is one that can pass through the skin's 

layers, enter macrophages, and allow the medicine to be released intracellularly 

(Fernández-García et al., 2020a; Rabia et al., 2020).  

The first-generation deformable vesicles created by Cevc, and Blume are called 

transferosomes. Deep penetration of vesicles into the skin has long been a contentious 

issue because, according to a number of studies, they are restricted to the top layers of 

the SC while ultra-deformable vesicles are said to cross the various skin layers as a 

result of the emergence of a natural hydration gradient (Cevc and Blume, 2001). The 

capacity to deform vesicles is advantageous for skin penetration because it lowers the 

risk of vesicular harm. Furthermore, when used in non-occluded settings, it utilizes a 

hydration gradient to aid vesicles' penetration into the deeper skin layers (Barry, 2004; 

Batool et al., 2021). 
 

Gels are thought to be promising delivery systems for keeping medications or 

nanoparticles in place where they are applied (Gao et al., 2016). Gels' mucoadhesive 

properties also lengthen the drug's duration in the body. By incorporating NTs inside a 

gel matrix, it is possible for the NTs to permeate the skin for a prolonged period at the 

CL lesions (Dar et al., 2020). The leishmanial strains are subsequently eliminated by 

macrophages after NTs have passed through the epidermal layers, encouraging healing 

(Salim et al., 2020).  

1.6.  Different Preparation Methods of Transferosomes 

1.6.1.  Thin film hydration method 
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The term "rotary evaporation technique" is another name for this process. First, the 

organic phase is made by combining the lipid and edge activator with organic solvents 

like methanol, chloroform, etc. in a rotary flask. A dry thin film then forms on the 

bottom of the flask after the entire organic solvent has been evaporated using a rotary 

evaporator. The produced film is then hydrated with phosphate buffer for an hour in the 

following step. After obtaining the dispersion, nanotransfersomes are produced by 

sonicating and extruding the mixture via membrane filters (El Maghraby et al., 2010). 

 

1.6.2.  Vortexing sonication method 

All of the materials (lipid, surfactant, and drug) are combined and mixed in phosphate 

buffer dispersion during the vortex sonication process. Then the fluid is vortexed until 

transfersomes have developed a milky colored dispersion. The resulting milky 

dispersion is then projected through polycarbonate filters after being sonicated in a 

water bath for a predetermined amount of time (Sharma et al., 2014). 

 

1.6.3.  Modified hand shaking method 

The modified hand shaking method uses the same rotating evaporation principle. In a 

round bottom flask with organic solvent, surfactant, phospholipid, and hydrophobic 

medication added, these materials are thoroughly dissolved until a clear solution is 

formed. The organic solvent is then removed from the solution by hand shaking as 

opposed to a rotating evaporator. A high-temperature water bath should be used to 

submerge a round-bottom flask (for instance, 40–60 °C). After all traces of the organic 

solvent had been evaporated, a thin coating had formed on the bottom of the flask. The 

flask was held in vacuum for the entire night to remove any remaining solvent from the 

produced film. The resulting film is gently shaken above its phase transition 

temperature to hydrate it with phosphate buffer solution (Laxmi et al., 2015). 

 

1.6.4.  Suspension homogenization technique 

When ethanolic phospholipid solution and a specific amount of surfactant are 

combined, ultra- deformable transferosomes are created. After that, the produced 

solution is included with phosphate buffer to obtain the total lipid concentration. The 

finished product is then sonicated, frozen, and thawed two to three times (Apsara et al., 

2020). 
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1.6.5.  Centrifugation method 

In a round bottom flask, all of the ingredients (phospholipid, lipophilic drug and edge 

activator) are dissolved in organic solvents. After that by using a rotating evaporator 

vacuum at a set temperature, the organic solvent is evaporated. A film forms at the 

bottom of the flask after the organic solvent has been completely removed. At room 

temperature, phosphate buffer is used to hydrate the produced film in a centrifuge. 

Incorporating water-soluble drugs is possible at this stage. To create uni-lamellar 

vesicles, the generated multilamellar vesicles are subjected to further sonication 

(Fernández-García et al., 2020b). 

 

1.6.6.  Reverse phase evaporation technique 

In an organic solvent, phospholipid, hydrophobic drug, and edge activator are 

dissolved. By using a rotary evaporator, the entire organic solvent is extracted from the 

solution, leaving behind a dry film. The lipid film is redissolved in an organic solvent 

like isopropyl ether or diethyl ether rather than being hydrated. At this point, a two-

phase emulsion is created when the aqueous phase is mixed into the organic phase. This 

system is then put through a sonication process to create a water-in-oil (w/o) emulsion. 

At the end, the organic solvent is once more evaporated to create a thick gel, which 

subsequently creates a suspension of vesicles (Alvi et al., 2011). 

 

1.6.7.  Ethanol injection method 

First, an organic solution is made by combining a lipid, surfactant, lipophilic substance, 

and an organic solvent (ethanol). Hydrophilic materials are dissolved in phosphate 

buffer solution to create the aqueous phase. Both solutions are heated for a specific 

period of time to a temperature between 40 and 50 °C. The aqueous solution is then 

continuously magnetically stirred as ethanolic solution is added dropwise. The finished 

formulation is sonicated to produce smaller-sized particles after the ethanol is 

evaporated using a rotary evaporator (Balata et al., 2020). 
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1.7. Rationale of Study  

The rationale of this research was to enhance the penetration of both drugs loaded in 

nanotransfersomes and to improve the macrophage internalization and anti-leishmanial 

potential. 

1.8.  Aim and Objectives 

1.8.1.  Aim 

Aim of the study was to develop Nitazoxanide and Quercetin Co-loaded 

Nanotransfersomes (NTZ-QUR-NT) and incorporate them into chitosan gel to prepare 

Nitazoxanide and Quercetin Co-loaded Nanotransfersomal gel (NTZ-QUR-NTG) for 

the treatment of CL. 

1.8.2.  Objectives 

 To optimize and characterize the NTZ-QUR-NT and NTZ-QUR-NTG. 

 In-vitro and ex-vivo evaluation of NTZ-QUR-NT and NTZ-QUR-NTG as 

compared to conventional gels. 

 To investigate the anti-leishmanial potential of NTZ-QUR-NT in comparison to 

NTZ-QUR dispersion 
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2.  MATERIALS AND METHOD 

2.1.  Materials 

2.1.1.  Chemicals and reagents 

Quercetin was purchased from Sigma Aldrich (Hamburg, Germany) and Nitazoxanide 

was obtained from Macklin Biochemical Co., Ltd (Shanghai, China). Chitosan, Tween® 

80, Methanol and Chloroform were procured from Sigma Aldrich (Tokyo, Japan). 

Phospholipon 90G (PL90G) was gifted by lipoid AG, Switzerland. Roswell Park 

Memorial Institute (RPMI) medium-199 and penicillin/streptomycin were purchased 

from Thermo Fisher Scientific, USA. Potassium dihydrogen phosphate and Di-sodium 

hydrogen phosphate were acquired from Duksan Pure Chemicals, (Ansan-si, South 

Korea). Dialysis membranes of MWCO (12-14 kDa) were procured from Medicell 

Membranes Ltd, (London, UK). All other chemicals used in this study were of 

analytical grade. 

 

2.1.2.  Apparatus and equipment 

Weighing balance (Ohaus corporation, PA 214C, USA), Rotary Evaporator (Heidolph 

Instruments GmbH & CO., Germany), pH meter (PH 700, EUTECH instruments, 

USA), Franz diffusion cell (PermeGear Inc., USA), UV-Visible Spectrophotometer 

(Halo DB-20, Dynamica, UK), Bath sonicator (Elmasonic GmbH, E60H, Germany), 

Centrifuge Machine (HERMLE Z 216 MK, Germany), Brookfield Rheometer (DV3T, 

MA, USA), Malvern Zetasizer (ZS-90, Worcestershire, UK), Magnetic Stirrer (Eisco 

Scientific, North America) Glass vials, volumetric flasks, eppendorf tubes, pipettes and 

stirrers, falcon tubes, petri dishes, and beakers (Sigma Aldrich, USA). 

 

2.1.3.  Animals and parasites 

Male albino rats with age of 6-8 weeks and weights of 100-120 g were purchased from 

National Institute of Health (NIH), Islamabad. Animals were housed in standard 

facilities in accordance with the NIH recommendations for the care and management 

of laboratory animals. Moreover, ARRIVE guidelines were followed for animal study. 

Normal rat food and tap water was provided to the animals. Bioethical approval was 

obtained from bioethical committee of Quaid-i-Azam University, Islamabad, Pakistan 

(Protocol no BEC-FBS-QAU2021-364). L. tropica were procured from Khyber 

Medical University Peshawar KPK, Pakistan. 
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2.2.  Methods 

2.2.1.  Preparation of NTZ-QUR co-loaded NT 

NTZ-QUR co-loaded NT was prepared by using thin film hydration method. In the first 

step, Phospholipon 90G, edge activator (Tween® 80), nitazoxanide and quercetin was 

mixed in methanol and chloroform (1:1 v/v) to make organic phase. Then, in the next 

step to remove the organic solvents organic phase was transferred into rotary evaporator 

flask at 50 ºC and reduced pressure. Thin film was formed after evaporation of organic 

solvent and one hour hydration of this thin dried film was done with phosphate buffer 

saline at 60 ºC which was led to the formation of NTZ-QUR transferosomes as 

illustrated in Figure 2.1. Finally the formulation was sonicated for 5 min and after that 

the extrusion of NTZ-QUR-NT was done by 0.45 and 0.22 µm filter (Yuan et al., 2022).  

 

 
Figure 2.1. Preparation of NTZ-QUR-NT via thin film hydration. Figure is designed via Biorender 
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Figure 2.2. Preparation method of NTZ-QUR-NTG. Figure is designed via Biorender 

  

2.2.2.  Preparation of NTZ-QUR co-loaded NT gel (NTZ-QUR-NTG) 

Chitosan powder was precisely measured at 100 mg and added to a solution of 1% 

acetic acid to create a volume of 2 ml while being continuously stirred. A final volume 

of 5 ml of NTZ-QUR-NTG  was created by adding 3 ml of NTZ-QUR-NT with 

continuous stirring as illustrated in Figure 2.2 (Salim et al., 2020). 

2.2.2.1.  Acetic acid (1% v/v) solution preparation 

One milliliter of acetic acid was mixed with one hundred milliliters of distilled water 

to create one percent acetic acid solution. 

2.2.2.2. Chitosan gel preparation 

Medium molecular weight chitosan was used to prepare the hydrogel. Blank hydrogel 

with 1%, 2% and 2.5% chitosan were developed in 1% acetic acid solution. At the end 

2% chitosan gel was selected on basis of different physical parameters for NTZ-QUR-

NTG preparation (Sohrabi et al., 2016). 

2.3. Characterization 

2.3.1. Characterization of NTZ-QUR co-loaded NT 

2.3.1.1. Particle size, PDI, ZP of NTZ-QUR-NT 

These NTZ-QUR-NT parameters were examined utilizing dynamic light scattering at 

25 °C using a Zetasizer ZS 90 equipped with a He-Ne laser operating at a wavelength 

of 635 nm. A static scattering angle of 90° was used for executing the measurements 

with software of 6.34 version (Malvern Instruments, Worcestershire, UK) for 

cumulative analysis. In order to dilute the samples before analysis, 10 µl of NTZ-QUR-

NT were dissolved in 1 ml of de-ionized water (Din et al., 2015; Rabia et al., 2020). 
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2.3.1.2. Entrapment efficiency  

The prepared NTZ-QUR-NT was subjected to centrifugation at 13,500 rpm for 3 hr 

using centrifuge (Hermle labortechnik, Z-206A, Germany). The pellet at the bottom of 

the eppendorf was removed from the free drug that was present in the supernatant. A 

UV spectrophotometer (Halo DB-20, Dynamica, UK) was used to observe the 

absorbances at 335 nm: λmax of NTZ and 256 nm; λmax of QUR, (Mahajan, 2018) to 

determine the concentrations of unentrapped drugs. This equation was used to 

determine percentage entrapment efficiency (%EE) of (Salim et al., 2020). 

 

%EE =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 – 𝑢𝑛𝑒𝑛𝑡𝑟𝑎𝑝𝑝𝑒𝑑 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑑𝑑𝑒𝑑
∗ 100 

 

2.3.1.3.  Transmission electron microscopy (TEM) 

The NTZ-QUR-NT were subjected to a morphological analysis utilizing a TEM 

(Hitachi H- 7600; Tokyo, Japan) at a 100 kV accelerating voltage. To fix the particles 

on the carbon substrate, a tiny drop of sample was applied to the copper grid that had 

been coated with carbon. The sample was negatively stained with 2% phosphor tungstic 

acid after adhering to the carbon coating, followed by TEM examination (Khan et al., 

2021). 

 

2.3.1.4.  Fourier-transform infrared spectroscopy (FTIR) 

FTIR (Nicolet-6700, Thermo Scientific, USA) was utilized to check any chemical 

interaction between QUR, NTZ, PL90G in NTZ-QUR-NT. Each sample was scanned 

at wavelengths from 400 to 4000 cm-1 followed by analysis observation using OMNIC™ 

software (version 7.3) (Khaleeq et al., 2020). 

 

2.3.1.5.  Deformability index of NTZ-QUR-NT 

The deformability index (DI) was measured using extrusion. For that purpose, a filter 

with a 100 nm pore size was used to process the samples. The Zetasizer was used to 

measure the size of the NTZ-QUR-NT formulation before and after extrusion (Rabia et 

al., 2020). 

𝐷𝐼 =
𝑆𝑖𝑧𝑒 𝑎𝑓𝑡𝑒𝑟 𝑒𝑥𝑡𝑟𝑢𝑠𝑖𝑜𝑛

𝑆𝑖𝑧𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑒𝑥𝑡𝑟𝑢𝑠𝑖𝑜𝑛
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2.3.2.  Characterization of NTZ-QUR-NTG 

2.3.2.1.  Organoleptic evaluation and pH measurement 

Appearance, color, and homogeneity of blank and NTZ-QUR-NTG was examined 

physically and pH of the blank and NTZ-QUR loaded NT gel was evaluated by using 

digital pH meter (Psimadas et al., 2012). 

 

2.3.2.2.  Rheology 

Cone and plate Brookfield rheometer with a spindle CPA 42-Z (Brookfield Engineering 

Laboratories Inc., Middleborough, MA) was used for rheological evaluation of NTZ-

QUR-NTG. A sufficient amount of gel was added to the receiving chamber, and runs 

were carried out there at temperature of 25 oC with shear rates ranging from 1 to 100 s-

1. A rheogram was plotted between shear rate and viscosity of NTZ-QUR-NTG (Salim 

et al., 2020). 

2.3.2.3. Drug content 

To determine the drug content of the NTZ-QUR-NTG, 5 mg of the was added into 5 ml 

of phosphate buffer saline (PBS) and kept for 24 hr. In next step, NTZ-QUR-NTG and 

PBS mixture was stirred for 30 min by using magnetic stirrer (Eisco Scientific, North 

America). Lastly, this solution was filtered and absorbance was observed with UV-

visible spectrophotometer (Sujitha and Muzib, 2019). 

2.3.2.4.  Spreadability  

Spreadability was determined by a reported method, briefly, a 2 cm area was marked 

on a glass slide and gel was placed on it. A second glass slide was placed over the gel 

and a 500 g weight will be placed on it for 5 min to allow the gel to spread (Ahad et al., 

2015). Afterward, the increase in the gel area was measured and the % spread area was 

calculated by using this formula: 

%𝑆𝑝𝑟𝑒𝑎𝑑 𝑎𝑟𝑒𝑎 =
𝐹𝑖𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑎𝑓𝑡𝑒𝑟 𝑠𝑝𝑟𝑒𝑎𝑑𝑖𝑛𝑔

2𝑐𝑚
∗ 100 

 

2.3.3.  Stability study 

NTZ-QUR-NT and NTZ-QUR-NTG stability study was conducted at different 

temperatures including 4 and 25 ºC for a period of six months to evaluate the effects of 

storage conditions on stability of NTZ-QUR-NT and NTZ-QUR-NTG. For this 

purpose, samples were stored at respective storage condition. At certain time points ( 
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0, 30, 90 and 180, days) NTZ-QUR-NT and NTZ-QUR-NTG were analyzed in terms 

of particle size PDI, ZP, color change, homogeneity and phase separation. (Jangdey et 

al., 2017; Zahid et al., 2022). 

 

2.3.4.  In-vitro drug release and kinetic study 

The drug release from the NTZ-QUR-NT and NTZ-QUR-NTG was evaluated and 

compared with NTZ and QUR dispersion using a shaker water bath (Memmert SV 

1422). To imitate the physiologically normal pH of blood and macrophages, a drug 

release study was carried out at pH 7.4 and 5.5, respectively. In a short, materials were 

weighed out and put into dialysis bags before being dialyzed in release media 

(phosphate buffer saline) of pH 7.4 and 5.5 in a shaker water bath. To maintain sink 

conditions, a fixed volume of samples was removed at regular intervals (0.25, 0.5, 1, 2, 

4, 6, 8, 12 and 24 hr) and replaced with a comparable volume of fresh buffer. Evaluation 

of samples were done, and graph was plotted between %cumulative release of drug and 

time. Moreover, DD-solver was used to apply different kinetic models to determine the 

best fit model for drug release from NT and NTG  (Rabia et al., 2020). 

 

2.3.5.  Ex-vivo skin permeation and deposition study 

Horizontal Franz diffusion cell apparatus was used to carry ex-vivo permeation 

experiment. The Franz diffusion cell, which has a 0.77 cm2 permeation area and a 5.2 

ml receiving compartment, was utilized. In order to keep the system's temperature at 32 

°C, recently excised skin was put between the donor and receiving compartments. In a 

non-occlusive, open hydration system, test formulations were inserted in the donor 

compartment. Samples from the receiving compartment were taken at intervals of 0.5, 

1, 2, 3, 4, 6, 8, 12 and 24 hr while replacing the sample with an equivalent volume of 

PBS. A graph showing the cumulative drug permeation per unit area vs time was 

created.  

After the ex-vivo permeation investigation, the skin sections were dismounted, rinsed 

with distilled water to get rid of any leftover solution or formulation, and then blot 

dried. The SC was separated from the remaining skin layers using the tape stripping 

technique. With 15 to 20 layers of adhesive tape, the skin parts were stretched and 

peeled. By crushing the tape strips in methanol at 37 °C, the medicines were released 

from them, and the spectrophotometer was used to detect them. Following tape 
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removal, the remaining skin part was chopped into small pieces, crushed, and 

homogenized in methanol. The medicines were then quantified using a UV-visible 

spectrophotometer (Dar et al., 2018). 

2.3.6.  Skin structure evaluation after treatment 

Fourier-transform infrared spectroscopy (FTIR; Alpha Bruker ATR, Ettlingen, 

Germany) was used to assess the changes in epidermal lipid organization after applying 

NTZ-QUR-NTG and its comparison was done against normal skin. Because 

formulations created for transdermal application usually modify the structure of lipids, 

especially in the epidermis area. For this study, epidermis of rat skin was manually 

separated from the dermis by using isopropyl alcohol and distilled water at 60 °C. The 

epidermis was inserted between donor and receptor cells following complete skin layer 

separation, and NTZ-QUR-NT were applied for 4 hr under the same circumstances as 

for the penetration investigation. In order to analyze the functional group of skin 

membrane at wave number between 4000 to 650 cm-1, the epidermal layer was removed 

after 4 hr, dipped in PBS to remove the formulation, dried, and then observed by FTIR 

(Rabia et al., 2020). 

2.3.7.  Skin irritation study and histopathological study 

The Draize scoring system was used in this study for skin evaluation. The rats were 

divided into three groups (positive, negative and treatment). Untreated rats were kept 

in negative control group and 0.8% formalin treated rats were considered as positive 

control group. Skins were observed for any sign of redness or edema and scoring was 

done at different time points (1, 24 ,48 ,72 hr). The results were further verified by 

histopathological examination. Cryostat microtome slices of skin samples were 

followed by microscopic inspection. (Batool et al., 2021).  

2.3.8.  Qualitative macrophage uptake study 

Peritoneal macrophages (PMs) were used this uptake study. To extract the PMs, rat’s 

peritoneal cavity was cautiously injected with 2 ml of 3% w/v sterile thioglycolate to 

avoid the bladder. After allowing the inflammatory response to last for four days, 

cervical dislocation was used to euthanize the rats. The peritoneal cavity was then filled 

with 5 ml of ice-cold RPMI 1640, and any peritoneal exudate was then collected. The 

exudate was centrifuged at 3000 rpm for 10 min, and the pellet was suspended in RPMI 

medium that had been supplemented with 10% fetal bovine serum (FBS), and 100 g/ml 
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streptomycin sulphate. In culture well plates, PMs had been incubated with rhodamine-

labeled NTs (washed three times prior to the experiment) at a cell density of 2 × 104 

cells. For comparisons plain rhodamine solution was as used as control. After 30 min 

in a CO2 incubator, all samples were withdrawn to remove non-adherent cells by 

washing in phosphate buffer saline (PBS), and adhered cells were examined under a 

fluorescence microscope (Riaz et al., 2019). 

2.3.9.  Quantitative macrophage uptake study 

The NTZ-QUR-NTs and NTZ-QUR dispersion were planted in culture well plates in 

order to quantitatively measure the cellular absorption of NTs. After 24 hr, the plate 

was removed, and PBS cleaned. Scraping the adherent cells from slides allowed for 

their collection, which was then centrifuged. After that pellet were re-dispersed in 

methanol and sonicated for 5 min and then centrifuged one more time. Lastly, the 

concentration of NTZ and QUR was determined using an UV-visible 

spectrophotometer (Dar et al., 2018). 

 

2.3.10.  Cell viability and toxicity assay 

To determine the cytotoxicity of NTZ-QUR dispersion and NTZ-QUR-NT, previously 

isolated macrophages were put through a (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl 

tetrazolium bromide (MTT) experiment. The MTT assay uses mitochondrial succinate 

dehydrogenase to turn a yellow-colored tetrazolium component into blue, insoluble 

formazan crystals. Isolated macrophages were seeded into a 96-well plate for the MTT 

assay, which was then incubated for 24 hr at 37 ºC in a 5% CO2 incubator. NTZ-QUR 

dispersion and NTZ-QUR-NT were introduced to the well in varying concentrations  

and left to incubate for 24 hours. The wells were then filled with 20 ml of MTT solution, 

which was then incubated for 4 hr to create formazan crystals, which were subsequently 

liquefied with 100 ml of DMSO. Then, absorbance was determined at a wavelength of 

540 nm using a microplate reader (BioTek, USA) (Nazari-Vanani et al., 2018). Percent 

cell viability was calculated by using following equation.  

                          

% 𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
∗ 100 
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2.3.11.  In-vitro anti-leishmanial activity analysis against L. tropica 

An in vitro anti-leishmanial investigation was carried out by using MTT assay. At 24 
oC, parasites were grown in RPMI medium that contained 10% fetal bovine serum 

(FBS), 100 IU/ml penicillin, and 100 g/ml streptomycin sulphates. Neubauer 

hemocytometer was used to count the promastigotes that were seeded at a density of 

1×106 promastigotes/ml in each well of a 96-well plate containing 20 µl samples. 

DMSO and amphotericin B were regarded as negative and positive controls, 

respectively. The culture plates underwent a 72 hr incubation period at 24 oC. Each 

culture plate received a pre-filtered MTT solution with a concentration of 4 mg/ml that 

was formulated in distilled water. The plates were again incubated for 24 hr at 24 oC. 

After 4 hr, the plates' supernatant was carefully removed without disturbing the 

sediment that contained colorful formazan. Formazan crystal dissolution was 

accomplished by adding DMSO (100 µl) to the sediment. After one hr, the absorbance 

at a wavelength of 540 nm was measured using microplate reader. The IC50 were 

calculated by using GraphPad Prism® software (version 5) (Salim et al., 2020a). 

2.3.12.  Determination of combination index 

Combination index (CI) was calculated to assess the cumulative therapeutic impact 

resulting from co-delivery of NTZ and QUR. The value of CI < 1 shows synergistic 

behavior while CI >1 shows antagonistic behavior. But if the value of CI is equal to 1 

it shows additive effect (Emamzadeh et al., 2018). CI was calculated by using this 

formula: 

𝐶𝐼 =
𝐼𝐶50(𝐴 + 𝐵)

𝐼𝐶50(𝐴)
+

𝐼𝐶50(𝐴 + 𝐵)

𝐼𝐶50(𝐵)
 

 

where the IC50 values for each drug separately are denoted by IC50 (A) and IC50 (B). 

while IC50 (A + B) represents the IC50 of drugs combination. 

 

 2.4. Statistical analysis 

Statistical analysis and optimization for formulation development were carried out  

using Design Expert® Software (version 12). However, GraphPad Prism® (version 5) 

and Microsoft Excel 365 (version 2010) were used to examine all other results. To get 

the p-values of tested formulations, they were checked in triplicate. One-way AVOVA 

and Student t-test were also used for statistical analysis. Statistics were significant for 
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measurements with a p-value less than 0.05. Additionally, the results were all reported 

as Mean ± Standard deviation.   
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3.  RESULTS 

3.1.  Standard Curve of NTZ and QUR 

Standard curve of NTZ was made in acetonitrile at 335 nm and of QUR was made in 

methanol at 256 nm respectively. R2 values of each standard curve was above 0.999, 

which indicates that they were best fitted. 

 
Table 3.1. At different concentrations absorbances values of NTZ 

Concentration of NTZ (µg/ml) Absorbance 

10 2.263 

5 1.135 

2.5 0.541 

1.25 0.238 

0.625 0.086 

0.3125 0.026 

 
Table 3.2. At different concentrations absorbances values of QUR 

 

 
 

 

 

 

 

 

 
Figure 3.1. Standard curve of NTZ (A) and QUR (B) 
 

Concentration of QUR (µg/ml) Absorbance 

10 2.830 

5 1.467 

2.5 0.821 

1.25 0.460 

0.625 0.245 

0.3125 0.138 
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3.2. Calibration curves of NTZ at pH 5.5 and 7.4 

Calibration curve of NTZ was developed at pH 5.5 and 7.4 to determine the unknown 

concentrations of NTZ. The R2 values in each graph was greater than 0.999, indicating 

the curves were best fitted. 

 
Table 3.3. Absorbance values of NTZ at different concentrations at pH 5.5 and 7.4. 

Sr.no Concentration (µg/ml) Absorbance at pH 5.5 Absorbance at pH 7.4 

1 20 1.309 0.832 

2 10 0.728 0.443 

3 5 0.419 0.244 

4 2.5 0.278 0.144 

5 1.25 0.198 0.089 

 

 
Figure 3.2. Calibration curve of NTZ at pH 5.5 (A) and 7.4 (B) 

 

3.3. Calibration Curve of QUR at pH 5.5 and 7.4 

Calibration curve of QUR was also developed at pH 5.5 and 7.4 to determine its 

unknown concentrations. The R2 values in each graph was greater than 0.999, indicating 

the curves were best fitted. 

 
Table 3.4. Absorbance values of QUR at different concentrations at pH 5.5 and 7.4. 

Sr.no Concentration (µg/ml) Absorbance at pH 5.5 Absorbance at pH 7.4 

1 20 1.893 1.167 

2 10 1.043 0.615 

3 5 0.596 0.316 

4 2.5 0.381 0.185 

5 1.25 0.259 0.098 
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Figure 3.3. Calibration curve of QUR at pH 5.5 and 7.4 (D) 

 

3.4. Optimization of NTZ-QUR-NT 

For optimization of NTZ-QUR-NT Box-Behnken design (BBD) of software Design 

Expert® Ver .12 (State ease) was utilized. After employing certain maximum and 

minimum limits of independent variables the software suggested 13 formulations. All 

suggested formulations were prepared shown in Figure 3.4. The optimized formulation 

(NT3) has particle size of 210.9 ± 3.67 nm, PDI of 0.155 ± 0.009, ZP of -15.06 ± 1.48 

mV as shown in Figure 3.5 and 3.6 with little variation from predicted values of BBD. 

%EE of NTZ and QUR in optimized formulation was 88.04 ± 0.01% and 85.14 ± 

0.02%, respectively. 

 

 
Figure 3.4. Prepared formulations of NTZ-QUR-NT 
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Figure 3.5. Particle size and PDI of optimized formulation 
 

 
Figure 3.6. ZP of optimized formulation 
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Table 3.5. Optimization table of the NTZ-QUR-NT using Design Expert via Box-Behnke design. 

Run Lipid 
(mg) 

Surfactant 
(mg) 

QUR 
(mg) 

NTZ 
(mg) 

Particle Size 
(nm) PDI ZP 

(mV) 
EE of QUR 

(%) 
EE of NTZ 

(%) 

NT-1 95 5 4 3 256.00 ± 0.70 0.288 ± 0.030 -18.6 ± 3.30 81.21 ± 0.11 89.92 ± 0.03 

NT-2 87.5 12.5 4 3 205.12 ± 5.02 0.120 ± 0.007 -11.58 ± 0.52 76.14 ± 0.01 82.01 ± 0.01 

NT-3 95 12.5 5 3 210.90 ± 3.67 0.155 ± 0.009 -15.06 ± 1.48 85.14 ± 0.02 88.04 ±0.01 

NT-4 80 12.5 5 3 186.60 ± 1.12 0.095 ± 0.019 -8.25 ± 0.07 72.08 ± 0.04 79.03 ± 0.10 

NT-5 80 12.5 3 3 177.01 ± 1.36 0.092 ± 0.019 -8.95 ± 0.07 68.03 ± 0.04 81.20 ± 0.10 

NT-6 95 12.5 3 3 209.95 ± 1.19 0.144 ± 0.019 -12.10 ± 1.41 77.09 ± 0.15 89.01 ± 0.01 

NT-7 87.5 20 5 3 195.60 ± 0.19 0.102 ± 0.007 -9.78 ± 0.07 78.70 ± 0.03 78.01 ± 0.06 

NT-8 87.5 20 3 3 190.80 ± 5.83 0.104 ± 0.012 -9.06 ± 0.16 65.95 ± 0.01 80.01 ± 0.02 

NT-9 80 5 4 3 222.60 ± 4.10 0.246 ± 0.054 -16.10 ± 2.12 74.67 ± 0.01 83.01± 0.19 

NT-10 87.5 5 5 3 241.25 ± 0.91 0.236 ± 0.014 -20.09 ± 0.28 67.03 ± 0.11 86.65 ± 0.01 

NT-11 80 20 4 3 156.25 ± 5.83 0.085 ± 0.064 -7.96 ± 1.17 69.64 ± 0.01 76.05 ± 0.01 

NT-12 95 20 4 3 202.20 ± 0.70 0.154 ± 0.009 -8.01 ± 0.59 79.53 ± 0.18 85.01 ± 0.03 

NT-13 87.5 5 3 3 229.60 ± 0.55 0.216 ± 0.007 -17.23 ± 2.86 74.70 ± 0.02 87.94 ± 0.01 

Note: QUR: Quercetin, NTZ: Nitazoxanide, PDI: Poly dispersity index, ZP: Zeta potential, EE: 

Entrapment Efficiency. Data is represented as Mean ± Standard deviation (n=3) 

 

3.4.1. Regression analysis of Box-Behnke design 

Using Design Expert® software (version 12), the regression analysis of each, including 

PDI, ZP, particle size and entrapment efficiency was performed. The obtained results 

indicated that the models produced for each response were significant (p < 0.05) as 

shown in Table 3.6. The given model may navigate the design space based on the 

calculation of adequate precision for each answer because the value of adequate 
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precision greater than 4 are favorable. 
 

Table 3.6. Regression analysis of Box-Behnken design for all responses. 
Responses R2 Predicted R2 Adjusted R2 Adequate 

precision 

Particle size (nm) 0.8952 0.8667 0.7762 18.2986 

PDI        0.8587 
 

0.8201 0.7010 15.5024 

ZP (mV) 0.8469 0.8052 0.6815 13.3087 

%EE of QUR 0.9198 0.8979 0.8286 20.1710 

%EE of NTZ 0.9474 0.9330 0.9070 26.9197 

 

3.4.2. Effect of independent factors on particle size 

For dermal delivery in cutaneous leishmaniasis the particles size is considered as a key 

factor. For optimal macrophage uptake in dermal skin layer the particle should not be 

less than 100 nm and greater than 300 nm (Dar et al., 2018). All the 13 formulations 

suggested by Design Expert® software were fabricated, having particle size fluctuating 

between 156.25 ± 5.83 nm and 256.50 ± 0.707 nm (shown in Table 3.5). Lipid and 

surfactant concentrations have significant effect on NTZ-QUR-NT particle size, with p 

values of 0.0002 and 0.0001, which is depicted graphically in Figure 3.7. On the other 

hand, QUR concentration has non-significant (p = 0.2860) effect on particle size of 

NTZ-QUR-NT. With increase in lipid concentration the particle size of NTZ-QUR-NT 

also increased, as reported in various other studies (Salim et al., 2020; Batool et al., 

2021). Keeping surfactant and QUR constant particle size increased from 222.60 nm 

(NT-9) to 256.00 nm (NT-1) because of elevation in lipid concentration. However, the 

trend of surfactant concentration was contrary to the lipid concentration. Particle size 

of NTZ-QUR-NT were reduced with surge in surfactant concentration. As evident from 

NT-1 and NT-12, the NTZ-QUR-NT particle size decreased from 256.00 nm to 202.20 

nm when surfactant concentration increased from 5 mg to 20 mg. 

 

3.4.3.  Effect of independent factors on PDI  

PDI is a very important variable in nano systems because its value directly shows the 

homogeneity and uniformity of particles in the nano formulation. If the value of PDI is 

less than 0.5, the nano system is considered as uniform and stable (Salama and 

Aburahma, 2016). Linear model was found to be significant in case of PDI after 

applying ANOVA test. Herein, the lipid and surfactant were found controlling factors, 
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having p values 0.0008 and 0.0001, correspondingly. There was an inverse relation 

between surfactant concentration and PDI, as by increasing the concentration of 

surfactant there was significant decrease in PDI. As evident from results in Table 3.5, 

when surfactant concentration was increased from 5 mg to 20 mg, PDI was decreased 

from 0.246 (NT-9) to 0.085 (NT-11). On the contrary, increase in lipid content from 80 

mg to 95 mg cause surge of PDI from 0.092 (NT-4) to 0.155 (NT-3). However, QUR 

concentration has not markedly affected the PDI of NTZ-QUR-NT. 

 

3.4.4.  Effect of independent factors on ZP of NTZ-QUR-NT 

Stability of formulation mainly depends on the charge of nanoparticles. ZP values in 

range between -25 to +25 is considered as indicator of good stability (Shah et al., 2014). 

Both lipid and surfactant have significant effect (p value 0.0345, 0.001) on ZP of 

formulation. The negative charge on formulation is attributed to the Phospholipon 90G 

which form double layer of nano vesicles (Batool et al., 2021). As noticeable from the 

Table 3.5 when concentration of lipid was increased from 80 mg to 95 mg, there was 

escalation in the negative charge on particles from -8.25 mV (NT-4) to -15.06 mV (NT-

3). In contrast, when the concentration of surfactant (Tween® 80) was increased from 5 

mg to 20 mg, there was significant decrease in negative charge on the particles from -

20.09 mV (NT-10) to -9.78 mV (NT-7). 

 

3.4.5.  Effect of independent factors on %EE of NTZ and QUR. 

The effectiveness of nanoparticles mainly depends on entrapment of drug, thus it is 

considered a very important parameter for optimization of nanoparticles (Alam et al., 

2012). All the independent factors: lipid, surfactant and QUR have significant effect on 

the entrapment of NTZ and QUR as depicted in Figure 3.10 and 3.11. As the 

concentration of lipid increased from 80 mg to 95 mg %EE of NTZ enhanced from 

76.05% (NT-11) to 85.01% (NT-12) and for QUR from 69.64% to 79.53%. On the 

contrary, when content of surfactant increased from 5 mg to 20 mg %EE of NTZ decline 

from 83.01% (NT-9) to 76.05% (NT-11) and QUR from 74.67% to 69.64%. Lastly, 4% 

increase in %EE of QUR was observed with surge in the concentration of QUR from 3 

mg to 5 mg. 



 
                                                                                                                                      Chapter 3: Results 

31 
 

 

                                                            
Figure 3.7. 3D response surface graph showing effect of lipid, surfactant and QUR on particle size 

 

                                                                 
Figure 3.8. 3D response surface graph showing effect of lipid, surfactant and QUR on PDI 

 

                                                                   
Figure 3.9. 3D response surface graph showing effect of lipid, surfactant and QUR on ZP 
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Figure 3.10. 3D response surface graph showing effect of lipid, surfactant and QUR on % EE of QUR  

                                                        

 

                                                             
 Figure 3.11. 3D response surface graph showing effect of lipid, surfactant and QUR on % EE of NTZ 
 

3.5.  TEM Analysis of NTZ-QUR-NT  

TEM analysis of NTZ-QUR-NT was performed. The TEM image showed that NT had 

uni-lamellar and spherical shape. The particles size was less than 250 nm with uniform 

distribution as shown in Figure 3.12. 
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                    Figure 3.12. TEM image of the optimized formulation (NT-3) 

 

3.6.  Deformability Index (DI) of NTZ-QUR-NT 

Deformability is a unique feature of transfersomes which makes it possible for them to 

pass through the tight junctions of skin with ease, especially from upper skin layers 

when used as a carrier for topical delivery. With the presence of edge activator (Tween® 

80), transfersomal vesicles acquire this deformability property. The edge activator, thus 

plays a significant role, in the targeted delivery of drugs via NT. DI value of the NTZ-

QUR-NT was used to evaluate its stress-dependent flexibility and shape change (Kang 

et al., 2010; Batool et al., 2021). A value closer to 1 indicates that the vesicles are more 

deformable. The deformability index has a range of 0 to 1 (El Zaafarany et al., 2010). 

NTZ-QUR-NT deformability index was discovered to be 0.9264 ± 0.042. It is reported 

that the increase in content of Tween® 80, makes vesicles more deformable. This may 

be due to its long carbon chain, which is non bulky and highly pliable which provide 

flexibility to lipid bilayer (Zeb et al., 2016). 

 

3.7.  FTIR Analysis to Assess the Compatibility of Excipients with Drugs 

FTIR analysis of NTZ, QUR, PL90G, physical mixture (PM) and NTZ-QUR-NT 

performed to check chemical interaction among the constituents of the formulation. 

FTIR spectrum of NTZ, QUR and PL90G showed characteristic peaks as presented in 

Figure 3.13. Stretching at 3358.91 cm-1,1774.94 cm-1 and 1524.92 cm-1 

correspondingly represents N-H, C=O and N=O functional groups of NTZ. Vibrations 

at 3402.15 cm-1 and 3213.71 cm-1 showed the presence of hydroxyl groups (OH) of 

QUR. Peaks at 1610.91 cm-1 and 1010.21 cm-1 represents C=C stretching of alkyne 
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group and C-C bending of alkyl group of QUR. Characteristic band at 2924.09 cm-1 

and 2855.03 cm-1 exhibits hydrocarbons stretching of PL90G.  FTIR spectra of PM and 

NTZ-QUR-NT indicated all the specific peaks of NTZ, QUR and PL90G which clearly 

showed the compatibility of drugs and excipients in formulation. 

 

 
Figure 3.13. FTIR analysis of NTZ, QUR, PL90G, PM and NTZ-QUR-NT observed in range of 4000-

400 cm-1 
 

3.8. NTZ-QUR-NTG physicochemical characterization 

Physicochemical characterization of NTZ-QUR-NTG was carried out and it was 

observed that NTZ-QUR-NTG appearance was opaque yellowish in color with uniform 

homogeneity as shown in Figure 3.14. The pH of NTZ-QUR-NTG was 5.8 ± 1.56 and 

spreadability was 310.50 ± 3.5%, compatible for topical use (Ahad et al., 2015). The 

drug content of NTZ and QUR was found to be 98.45 ± 1.17% and 97.86 ± 1.39%. 

Additionally, the impact of shear rate upon viscosity was examined using a Brookfield 

viscometer, and the results showed that, the viscosity of gel decrease with increase in 

shear rate. Figure 3.15 depicts the shear thinning and pseudoplastic behavior of the gel. 
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 Figure 3.14. Physical appearance of NTZ-QUR-NTG (A), Spreadability of NT-QUR-NTG (B) 
 

 
 

Figure 3.15. Graphical presentation of the effect of shear rate on viscosity of NTZ-QUR-NTG 

 

 

Table 3.7. Characterization of the NTZ-QUR-NTG. 

Physical Appearance Yellowish opaque 

Homogeneity Uniform 

Flow Behavior Non-Newtonian flow 

Drug content of NTZ 98.45 ± 1.17 

Drug content of QUR 97.86 ± 1.39 

pH 5.8 ± 1.56 

Spreadability 310.50 ± 3.5% 

 

 

 

A B 
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3.9.  Stability Studies 

The stability study of NTZ-QUR-NT and NTZ-QUR-NTG was carried out for a period 

of six months at 4 and 25 °C, as shown in Table 3.8 and 3.9. NTZ-QUR-NT were 

assessed for particle size, PDI and zeta potential. Stability data showed that there was 

non-significant (p > 0.05) increase in NTZ-QUR-NT particle size from 213.50 ± 3.67 

nm to 219.26 ± 4.14 nm (at 4 °C) and 222.62 ± 5.61 (at 25 °C), respectively. Similarly, 

there was negligible variation in PDI and ZP during storing conditions. The initial PDI 

and ZP values of optimized formulation were 0.155 ± 0.009 and -17.10 ± 1.48 mV. 

After duration of six month, it was found to be 0.218 ± 0.052 and -15.39 ± 0.07 

correspondingly. NTZ-QUR-NTG was also analyzed in terms of precipitation, drug 

content and physical appearance. The stability study findings showed that there was no 

meaningful change in drug content of NTZ and QUR in NTZ-QUR-NTG. No change 

in color or precipitation was observed in NTZ-QUR-NTG during period of six month. 

 
Table 3.8. Stability data of NTZ-QUR-NT.  

Time 

period 

 

At temperature 4 ± 2 ℃ 

 

 

At temperature 25 ± 2 ℃ 

 

Particle 
size 

(nm) 

PDI ZP 
(mV) 

Particle size 

(nm) 
PDI ZP 

(mV) 

0 213.50 ± 

3.67 

0.155 ± 

0.009 

-17.10 ± 

1.48 

213.50 ± 

3.67 

0.155 ± 

0.009 

 -17.10 ± 

1.48 

1 month 215.71 ± 

2.25 

0.164 ± 

0.009 

-16.89 ± 

1.56 

217.21 ± 

4.33 

0.172 ± 

0.041 

-15.81 ± 

1.22 

3 months 217.04 ± 

2.64 

0.167 ± 

0.007 

-16.07 ± 

1.52 

219.17 ± 

5.09 

0.184 ± 

0.095 

-15.92 ± 

1.59 

6 months 217.26 ± 

4.14 

0.202 ± 

0.012 

-15.80 ± 

1.37 

222.62 ± 

5.61 

0.218 ± 

0.052 

-15.39 ± 

0.07 

 

Table 3.9. Stability data of NTZ-QUR-NT. 

Time 

(month) 

At temperature 4 ± 2 ℃ 

 

At temperature 25 ± 2 ℃ 

 

PDC 

of 

NTZ 

PDC 

of 

QUR 

Physical 

appearance 

Precipit

ation 

PDC 

of 

NTZ 

PDC 

of 

QUR 

Physical 

appearance 

Precip

itation 
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0 98.45 

± 1.17 

97.86 

± 1.39 

Uniform, no 

color change 

No 98.45 

± 1.17 

97.86 

± 1.39 

Uniform, no 

color change 

No 

1  98.32 

± 1.07 

97.72 

± 1.16 

Uniform, no 

color change 

No 98.29 

± 1.09 

97.65 

± 1.12 

Uniform, no 

color change 

No 

3  98.11 

± 1.98 

97.51 

± 1.38 

Uniform, no 

color change 

No 98.22 

± 1.18 

97.44 

± 1.88 

Uniform, no 

color change 

No 

6  98.10 

± 1.09 

97.40 

± 1.26 

Uniform, no 

color change 

No 97.84 

± 1.39 

97.10 

± 1.21 

Uniform, no 

color change 

No 

 

3.10.  In-vitro Release Study of NTZ and QUR at pH 5.5  

Release study was performed on physiological pH of skin macrophages endosomes (pH 

5.5) and in-vitro release pattern of both drugs NTZ and QUR shown in Figure 3.16 (A) 

and (B). At 4 hr, in simulated endosomal pH (5.5), 85% of the NTZ was released from 

NTZ dispersion, followed by a total (100%) drug release at 12 hr. Similarly, from NTZ-

QUR-NT 62% of drug in first 4 hr followed by a total of 80% drug release at 24 hr. 

Unlike both of the above formulation, the NTZ-QUR-NTG significantly retarded the 

drug release, as only 27% of drug was released in first 4 hr, followed by 56% drug 

release in 24 hr. While in case of QUR, 100% of drug was released from QUR 

Dispersion within 6 hr. On the other hand, at 6 hr, 67% and 38% of drug was released 

from NTZ QUR NT and NTZ QUR NTG, respectively which followed by 85% and 

60% of drug release in 24 hr.  

 

3.11.  In-vitro Release Study of NTZ and QUR at pH 7.4 

In vitro release study of QUR and NTZ was also performed at physiological pH of 

blood (pH 7.4) as presented in Figure 3.16 (C) and (D). 80% of NTZ was released from 

NTZ dispersion at first 4 hr. Unlike NTZ dispersion, 52% and 30% of drug was released 

from NTZ-QUR-NT and NTZ-QUR-NTG, respectively within 4 hr followed by 78% 

and 49% release after 24 hr. Release pattern of QUR from its dispersion was different 

from NTZ dispersion due to acidic nature of QUR.  This nature accounts for the 100% 

release of drug in just 3 hr. In case of NTZ-QUR-NT and NTZ-QUR-NTG 40% and 

25% drug was released in 3 hr, respectively and followed by drug release 76% and 42% 

in 24 hr. 
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Figure 3.16. In-vitro release of NTZ at pH 5.5 (A), In-vitro release of QUR at pH 5.5 (B), In-vitro release 

of NTZ at pH 7.4 (C), In-vitro release of QUR at pH 7.4 (D). Note: Data are represented as Mean ± 

Standard deviation (n=3), ** p < 0.01, * p < 0.05 as compared to NTZ and QUR Dispersion. 

3.12.  Release Kinetic Study 

To analyze the release pattern of QUR and NTZ from transferosomes and 

transferosomal gel different kinetic models (First order, zero order, Korsmeyer-Peppas, 

Hixon-Crowell, first order, Higuchi) were applied by utilizing DD-solver. In Table 3.10 

R2 value of all models are stated. By analyzing R2 values of all models Korsmeyer-

Peppas was considered as most fitting for release of both drugs from NT and Higuchi 

for NTG. Their kinetic model graphs are shown in figure. The value of n is the key 

factor of this model which was used to confirm that if the release of drugs from drug 

delivery system was via fickian or non-fickian diffusion. As the values of n were less 

than 0.45 in cases NTZ-QUR-NT and greater than 0.45 in case of NTZ-QUR-NTG 

which suggested that the release of QUR and NTZ was through fickian diffusion from 
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NT and non-fickian from NTG. 

 
 Figure 3.17. Observed and predicted values of Korsmeyer and Peppas model for NTZ release from 

NTZ-QUR-NT at pH 5.5 (A), Higuchi model for NTZ release from NTZ-QUR-NTG at pH 5.5 (B), 

Observed and predicted values of Korsmeyer and Peppas model for QUR release from NTZ-QUR-NT 

at pH 5.5 (C), Higuchi model for QUR release from NTZ-QUR-NTG at pH 5.5 (D) 

 

Table 3.10. R2 values of all kinetic models. 

Release Model 

R
2
 Values of Release Model 

 Nitazoxanide Quercetin 

 NTZ-QUR-NT  NTZ-QUR-NTG  NTZ-QUR-NT  NTZ-QUR-NTG 

Zero order -0.8236  0.5248  -0.4158  0.4807 

First order 0.7890  0.8160  0.8519  0.8374 

Higuchi 0.6412  0.9724  0.7728  0.9511 

Hixon-Crowell 0.6722  0.7398  0.7538  0.7516 

Korsmeyer-
Peppas(n) 

 0.9154 

(0.292) 

 0.9596 

(0.472) 

 0.9387 

(0.323) 

 0.9369 

(0.464) 
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3.13. Ex-vivo Skin Permeation and Deposition Studies 

The cumulative amount of NTZ and QUR permeated from per unit area of rat skin from 

NTZ-QUR co-loaded NT was 248.23 µg/cm2 and 316.26 µg/cm2. While permeation of 

both drugs from NTZ-QUR co-loaded NT gel was 202.85 µg/cm2 and 262.72 µg/cm2 

which was little less than NT due to controlling nature of chitosan gel. However, the 

permeation of NTZ and QUR from plain gels was only 40.541 µg/cm2 and 59.37 

µg/cm2. by comparing the results and finding the enhancement ratios it was observed 

that the permeation of NTZ and QUR from our optimized formulation were increased 

5-folds and 4 -folds as compared to plain gel.  

The increased permeation of drugs from our nano formulation was due to the ultra-

deformable nature of transferosomes which enabled them to pass through from five to 

ten times small pores of skin barrier (Cevc and Scha, 2002; Apsara et al., 2020). 

Moreover, 38.74% and 34.97% of NTZ and QUR were deposited in deeper layers of 

skin (epidermis and dermis) from transferosomal gel whereas only 2.65% and 2.37% 

of both drugs were deposited from plain NTZ and QUR gel. Basically, the flexibility 

and trans epidermal hydration gradient of NT make them squeeze across SC but 

transcutaneous hydration gradient enabled them to remain entrapped in dermis which 

is desired in case of cutaneous leishmaniasis treatment (Dubey et al., 2007; Avadhani 

et al., 2017). 

 

Figure 3.18. Ex-vivo permeation of NTZ (A), Ex-vivo permeation of QUR (B), Data are represented as 
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Mean ± Standard deviation (n=3), ** p < 0.01, * p < 0.05 as compared to NTZ and QUR gel. 
 

Table 3.11. Skin permeation parameters of NTZ and QUR. 

Figure 3.19. Skin deposition of NTZ (A) and QUR (B) 
3.14. Skin Structure Evaluation After Treatment 

After treatment with NTZ-QUR-NTG, the skin's FTIR was run to look for structural 

alterations and compared with normal skin as represented in Figure 3.20. On untreated 

and NTZ-QUR-NTG treated rat skin, FTIR analysis was done. The characteristic peak 

of C-H bond stretching at 2925.74 cm-1and 2931.12 cm-1, presented in FTIR spectrum 

of normal skin and NTZ-QUR-NTG treated skin, respectively. It showed that the 

integrity of the skin's hydrocarbon lipid bilayers was preserved after application of 

NTZ-QUR-NTG. For normal skin, amide group peaks were seen at 1633.19 cm-1 and 

1544.09 cm-1, while for skin treated with NTZ-QUR-NTG, peaks were seen at 1647.11 

cm-1 and 1541.34 cm-1, indicating no significant change in skin structure. 

 

 
 

Formulation 

Nitazoxanide 

Total amount of drug 
permeated in 24 hr (µg/cm2) 

Flux 
Jmax (µg/cm2/h) 

Enhancement ratio 

NTZ-gel 40.541 1.689 1 

NTZ-QUR-NT 248.23 10.34 6.12 

NTZ-QUR-NTG 202.85 8.45 5.02 

 Quercetin 

QUR-gel 59.37 2.47 1 

NTZ-QUR-NT 316.26 13.19 5.34 

NTZ-QUR-NTG 262.72 10.94 4.42 
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Figure 3.20. FTIR analysis of the NTZ-QUR-NTG treated skin and its comparison with normal skin 

 

3.15.  Skin Irritation and Histopathology Study 

Draize scoring method was used for scoring in skin irritation test and results showed 

that NTZ-QUR-NTG was nonirritant as compared to control which is 0.8% formalin as 

depicted in Table 3.12. The histopathology investigation was carried out to confirm the 

Draize test and to evaluate the impact of NTZ-QUR-NTG on skin. No evidence of 

infiltration or loosened collagen fibers were found. Moreover, the epidermal layer was 

also found to be unaltered as shown in Figure 3.21. The outcomes were identical to 

what was seen with normal skin. However, damage to the epidermal layer and signs of 

infiltration were seen on skin treated with 0.8% formalin. 
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Figure 3.21. Normal skin (A), 0.8% Formalin treated skin (B), NTZ-QUR-NTG treated skin (C) 

 
Table: 3.12. Draize scoring data for skin irritation test. 

 

Groups 

Erythema Edema PDII 

1 hr 24 hr 48 hr 72 hr 1 hr 24 hr 48 hr 72 hr  

Normal 0 0 0 0 0 0 0 0 0 

Formalin 

treated (0.8%) 
3 2 2 2 1 2 2 2 2 

NTZ-QUR-

NTG treated 
0 0 0 0 0 0 0 0 0 

Note: PDII = Primary Dermal Irritation Index 

 

3.16.  Qualitative Macrophage Uptake Study  

The key obstacle to effective treatment is the inability of antileishmanial medications 

to enter macrophages. This was one of the main goals of the current study. A 

macrophage uptake test was conducted to achieve this goal. After 1 hr of incubation, 

intense internalized fluorescence was observed as shown in Figure 3.24, indicating 

passive targeting of macrophages by rhodamine loaded NT (Batool et al., 2021). On 

the other hand, no fluorescence was seen in Rhodamine solution which was used as a 

control. 
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Figure 3.22. Macrophage uptake study: Rhodamine loaded NT treated macrophages (A), Rhodamine 

solution treated macrophages (B) 

 

3.17.  Quantitative Macrophage Uptake Study  

The quantitative macrophage uptake investigation was used to confirm the qualitative 

evaluation of macrophage internalization. The findings revealed that NTZ-QUR-NT 

were more up taken by macrophages. as 78.44 ± 0.95 µg of NTZ and 61.14 ± 1.23 µg 

of QUR from NTZ-QUR-NT were up taken by 2×104 macrophages. While in case of 

NTZ-QUR dispersion only 8.07 ± 1.19 µg of NTZ and 5.41 ± 1.54 µg of QUR were up 

taken by 2×104 macrophages. 

 
 Table 3.13. Quantitative data of uptake of NTZ and QUR by macrophages.  

Sample Quercetin (µg/2×104 
macrophages) 

Nitazoxanide (µg/2×104 
macrophages) 

 
NTZ-QUR-NT 

61.14 ± 1.23 78.44 ± 0.95 

 
NTZ-QUR 
dispersion 

5.41 ± 1.54 8.07 ± 1.19 

 

3.18. Cell Viability and Toxicity Assay 

Cell viability assay was also carried out on macrophages previously collected from rat’s 

abdominal cavity. After study it was found that cell viability percentage of NTZ-QUR-

NT was higher at each concentration as compared to NTZ-QUR dispersion. Such as at 

concentration of 3.125 µg/ml 98% of cells were vial while in case of NTZ-QUR 

solution the viability of cells was 70%. The significant difference of both groups can 

be seen in Figure 3.23. NTZ-QUR-NT and NTZ-QUR dispersion CC50 values were 

A 
 

B 
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calculated by using GraphPad prism®. The result showed that NTZ-QUR-NT have 

71.95 ± 3.32 CC50 value and NTZ-QUR dispersion have 49.77 ± 2.15 CC50, which is 

indicating that NTZ-QUR-NT is safer to use as compared to NTZ-QUR dispersion. 

 

 
Figure 3.23. Cell viability assay of the NTZ-QUR-NT and NTZ-QUR dispersion 

 

3.19.  In-vitro Anti-leishmanial Activity Analysis Against L. tropica 

The in-vitro anti-leishmanial assay was performed to check the IC50 value of NTZ-

QUR-NT and to compare it with NTZ-NT, QUR-NT, NTZ dispersion, QUR dispersion 

and NTZ-QUR dispersion. IC50 values of NTZ and QUR dispersion alone were 29.67 

± 1.43 µg/ml and 43.72 ± 1.52 µg/ml, respectively. While the IC50 of NTZ and QUR in 

combination was 19.66 ± 1.17 µg/ml. The IC50 values of NTZ and QUR were reduced 

into 8.35 ± 0.95 µg/ml and 14.91 ± 1.09 µg/ml when separately loaded in NT. 

Moreover, the IC50 value was significantly reduced to 3.15 ± 0.89 µg/ml when the 

combination of both drugs was loaded into NT. The IC50 value of NTZ-QUR-NT 

against L. tropica promastigotes was 6.24-times lower than NTZ-QUR dispersion and 
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2.65 and 4.73-times as compared to NTZ-NT and QUR-NT respectively. 

 

3.20.  Determination of Combination Index (CI) 

The reduced IC50 value of combination drugs may be due to the synergistic effect of 

both drugs which was confirmed by calculating the CI value, using Chou Talaly 

equation (Chou, 2010). The CI value of NTZ-QUR-NT was found to be 0.58 which 

showed synergistic interaction between both drugs loaded in NT. 
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4. DISCUSSION 
Although CL is the most prevalent type of leishmaniasis, it has received much less 

attention than visceral leishmaniasis (VL) (Dar, McElroy, et al., 2020). Parenteral 

treatment for VL is effective in lowering parasite levels in the spleen and liver, but it 

has serious adverse effects and complications when used to treat CL (Jamshaid et al., 

2021). The liver and spleen's phagocytic cells may remove drug particles from systemic 

circulation, which reduce their availability at the sites of cutaneous infection where 

parasites reside. As a result, systemic medication delivery in CL is associated with 

considerable toxicity, requires careful monitoring, and nevertheless yields subpar 

outcomes (Shaw and Carter, 2014). Due to its non-invasiveness, the preparation of a 

topical formulations against CL is greatly desired, while ensuring medicine 

accessibility at the infection site. WHO highlights the search for new medications, drug 

repurposing, and combination therapy as initiatives to improve leishmaniasis treatment 

(World Health Organization, 2012). Numerous authors have emphasized the need of 

considering drug combinations in antileishmanial therapy as combination therapy is 

widely used for other infectious diseases, such as, AIDS, malaria and cancer (Bryceson, 

2001; Olliaro, 2010). The combination therapy is thought to be the most successful and 

advantageous because it outperforms monotherapy even at much lower doses (Trinconi 

et al., 2016). 

Herein, the aim of our study was to passively target the leishmania parasites residing in 

macrophages of dermal layer of skin. For that purpose NTZ-QUR-NT were developed 

because NT have the ability to easily cross the SC due to their deformable nature and 

to reach the targeted dermal site (Ferreira et al., 2004). Optimization of NTZ-QUR-NT 

was done by using BBD of software Design Expert®. Lipid (PL90G), surfactant 

(Tween® 80) and drug (QUR) were selected as independent variables while particle 

size, PDI, ZP and %EE were kept as dependent variables. The particle size and PDI of 

NTZ-QUR-NT were found to increase with increasing lipid content. This could be 

explained by the increase in densely packed vesicular lipid bilayers (Abdel Messih et 

al., 2017). Furthermore, as previously reported, the increase in lipid concentration may 

result in the development of multilamellar vesicles with larger diameters (Ahmed, 

2015). In contrast, higher Tween® 80 concentrations in NTZ-QUR-NT led to smaller 

particles, probably as a result of lower interfacial tension (Salim et al., 2020; Batool et 

al., 2021). The value ZP was increased by increasing the concentration of PL90G. The 



 
Chapter 4: Discussion 

48 
 

negatively charged PL90G molecules, which create the vesicles with binary lipid layers, 

are thought to be the cause of NTZ-QUR-NT negative ZP. The value of ZP was 

decreased with surge in Tween® 80 concentration. Considering Tween® 80's increased 

surface activity, the result implied that it did adsorb on the particle surfaces by 

displacing the endogenous surface active molecules (Witayaudom and Klinkesorn, 

2017). As it is a nonionic surfactant, a decrease in net charge at the particle surface was 

attributed to increase in its adsorption on the surface of NTZ-QUR-NT (Kheradmandnia 

et al., 2010). In NTZ-QUR-NT the entrapment of both QUR and NTZ were found to 

be significantly increased by increasing lipid concentration. The increase in lipid 

concentration enhances the drug's solubilization and so create more space where more 

drug molecules can fit, may be responsible for the increase in entrapment (Shah and 

Pathak, 2010). The %EE of both drugs were reduced when the surfactant concentration 

increased. Because surfactant aligns in the lipid bilayer similarly to lipophilic drugs and 

competes with them for space, which lead to the decrease in the amount of entrapment 

(Dar, McElroy, et al., 2020). With an acceptable particle size (210.90 ± 3.67 nm) and a 

low PDI (0.155 ± 0.009), NT-3 formulation was suggested as optimized from the Table 

3.5, which also showed good particles segregation and stability with high entrapment 

of NTZ and QUR. Particles less than 100 nm are not ideal for this formulation because 

they frequently manage to avoid being up taken by macrophages. On the other side, less 

than 300 nm is the optimal particle size to penetrate the stratum corneum (Dar, Khalid, 

et al., 2020). 

Single-layered spherical morphology and nano-size range of NTZ-QUR-NT were also 

confirmed by TEM analysis. The NTZ-QUR-NT deformability index, which was found 

to be 0.9264 ± 0.042, was used to determine the deformation and stress-induced 

transformation capabilities of trans. Tween® 80, a surfactant that serves as an edge 

activator, may be responsible for the high deformability index value. Because of its 

long, light, and highly malleable carbon chain, it has a high degree of deformability (El 

Zaafarany et al., 2010). No physical and chemical interactions were found between 

components of NTZ-QUR-NT after FTIR analysis. Chitosan gel that was loaded with 

NTZ-QUR-NT undergone physicochemical investigation. The pH, color, homogeneity, 

and viscosity of the gel was analyzed. The gel was seen to be opaque, uniform in 

texture, and yellow in color. The gel's pH was 5.8 ± 1.56, which is within 4-6, the usual 

range for the pH of skin (Lambers et al., 2006; Verma and Pathak, 2012). High 
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spreadability and faster dissemination are characteristics of an excellent gel .The NTZ-

QUR-NTG exhibited spreadability of 310.50 ± 3.5%, which was easy to spread (Ahad 

et al., 2016). Rheological investigation of NTZ-QUR-NTG indicated, a decrease in gel 

viscosity with escalation in shear rate. The term "non-newtonian" refers to this 

behavior, and gels that display it are referred as "shear thinning gels." Such behavior, 

according to studies, is desirable when applying gel to the skin  (Li et al., 2003; Kaura 

et al., 2015). 

In-vitro release study was performed on physiological pH of skin macrophages 

endosomes (5.5) and blood (7.4) to assess the release pattern of both drugs NTZ and 

QUR. The results showed that almost 85% and 90% of the NTZ and QUR were released 

from dispersion in first 4 hrs while in case of our designed formulations NTZ-QUR-NT 

and NTZ-QUR-NTG sustain the release of both drugs up to 24 hrs. The sustain release 

of drugs would prevent the need of frequent dosing. Initially the release of both drug 

from NTZ-QUR-NT was burst likely due to drugs un-entrapment or desorption from 

the surface of the vesicles. Later, though, the release slowed, indicating a sustained 

release pattern. The release of NTZ and QUR is significantly lower (p < 0.05) from 

NTZ-QUR-NTG as compared to dispersions. This is because in case of NTG the drugs 

must pass through two barriers: first, it must be released from the NT and then it must 

pass through the chitosan gel (Dar et al., 2018). QUR release from QUR dispersion was 

more in pH 7.4 as compared to pH 5.5 due to its acidic nature as it more solubilize in 

basic media (Gaohua et al., 2021). Furthermore, as previously reported, the media's 

neutral or acidic pH had no significant impact on the drugs release from the NT and 

NTG (Want et al., 2017).  

To analyze the release mechanism of QUR and NTZ from transferosomes and 

transferosomal gel different kinetic models (First order, zero order, Korsmeyer-Peppas, 

Hixon-Crowell, first order, Higuchi) were applied by utilizing DD-solver (Microsoft 

Excel Add-in). By analyzing R2 values of all models Korsmeyer-Peppas was considered 

as most fitting for release of both drugs from NT and Higuchi form NTG. The value of  

diffusion exponent (n) is considered key factor in release kinetic study, which is  used 

to confirm that whether  the release of drugs from drug delivery system is fickian or 

non-fickian diffusion (Ritger and Peppas, 1987). As the values of were less than 0.45 

in cases NTZ-QUR-NT and greater than 0.45 in case of NTZ-QUR-NTG which 
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suggested that the release of QUR and NTZ was through fickian diffusion from NT and 

non-fickian from NTG. 

The ex-vivo permeation study, which quantifies the amount of drug available to the 

body, offers vital information about the NTZ-QUR-NT behavior in in-vivo setting. The 

key mechanism of NT skin permeation into the SC and deeper skin layer is because of 

the trans-epidermal osmotic gradient. The NTZ-QUR-NT experience no more water 

influx gradient when they reach the moist viable epidermis which retards their further 

movement (Gupta et al., 2012). This function is very important for enhancing skin 

retention of drugs at the infection site for a longer period of time and aids in minimizing 

the systemic toxicity (Dar, McElroy, et al., 2020). In the current investigation, it was 

discovered that drug retention in deeper skin layers was higher than drug permeation, 

which is helpful for the topical therapy of CL since more retention than permeability is 

needed. 

The stability and fluidity of the lipids present in the skin, especially in the SC, are 

altered by various polymeric nanoparticles and liposomes as they move through the 

skin (Zeb et al., 2016). Thus, skin FTIR analysis was used to examine that how NT 

would affect the lipids in the skin layers. The FTIR spectra demonstrated that NTZ-

QUR-NT have no detrimental effects on skin structures, and it was determined that their 

penetration through upper skin layers was caused by their capability to transform shape 

(Rabia et al., 2020). Any dosage form intended for topical application to the skin should 

be non-toxic and non-irritating. A skin irritation investigation using NTZ-QUR-NTG 

was conducted to verify safety, and the results were compared to those for conventional 

formalin (Kumbhar et al., 2013). The NTZ-QUR-NTG offers a better safety profile, as 

shown by this investigation. The results of the skin irritation test were also supported 

by a histopathology analysis, which found that the NTZ-QUR-NTG did not damage 

any tissues or result in any inflammation.  

Since the parasites reside inside the macrophages, the effectiveness of an anti-

leishmanial formulation mainly relies on how well it targets and accumulates there 

(Shahnaz et al., 2017). According to the findings of the qualitative uptake investigation, 

dye loaded NT were endocytosed after 30 min of incubation, and the cytosol of PMs 

displayed high intracellular fluorescence. The quantitative macrophage uptake 

investigation was used to confirm the qualitative evaluation of macrophage 
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internalization. In comparison to NTZ-QUR dispersion, NTZ-QUR-NT cell 

internalization was almost 10-folds higher. It was clear from result that NTZ-QUR 

dispersion was distributed rather than particularly internalized by macrophages. Due to 

favorable vesicle characteristics and successful localization of nanocarriers in the 

infected macrophages, which is the preferred site of action for anti-leishmanial drugs, 

it was anticipated that NTZ and QUR anti-leishmanial efficacy and potential could be 

significantly improved when entrapped within NT (Treiger Borborema et al., 2011). 

Furthermore, internalization of drug-loaded NT in macrophages may make them act 

like a secondary drug depot, improving drug availability to parasites that live inside 

them (Moosavian Kalat et al., 2014). 

Synergistic interaction was found between QUR and NTZ against L. tropica 

amastigotes. QUR shows its anti- leishmanial effect by inhibiting the arginase enzyme 

which is important for parasite proliferation (Sousa-Batista et al., 2017). It also causes 

the mitochondrial damage of parasite by increasing ROS level (Gervazoni et al., 2020). 

QUR has been purposed as potential candidate in combination with other 

antileishmanial agents for treatment of cutaneous leishmaniasis (Sarkar et al., 2002). 

NTZ is a broad spectrum antiparasitic drug which shows its anti-leishmanial action by 

inhibiting the pyruvate ferredoxin oxidoreductase (PFOR) which play critical role in 

energy metabolism of parasites (Assays and Leishmania, 2021). Combination index and 

antileishmanial activity of NTZ and QUR was further improved when both drugs were 

loaded in NT. The in-vitro anti-leishmanial assay indicated that the IC50 of NTZ-QUR-

NT were 6.24-times lowered than NTZ-QUR dispersion. NTZ-QUR-NT were found 

more effective mainly because of their nano range size, ultra-deformable nature and 

high macrophage internalization (Zeb et al., 2016; Dar et al., 2018). Additionally, the 

vesicle's expressed negative charge made it ideal for targeting parastito-phorous 

vacuoles, an intra-macrophagial parasite home (Tempone et al., 2004). 
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CONCLUSIONS 

 NTZ-QUR-NT were successfully developed, optimized, and loaded into a 

chitosan-based gel for topical application. The optimized formulation had 

particles in nano-size range, low PDI, adequate drug entrapment and good 

deformability. No physical and chemical interactions were found between 

components of NTZ-QUR-NT.  

 Both the drugs showed sustained release from NTZ-QUR-NT and NTZ-QUR-

NTG, although the drug release from NTG was significantly different. 

Significant amount of the drugs was observed to be retained in the deeper skin 

layers after application of the formulation, an indication to the antileishmanial 

system's effectiveness.  

 In vivo skin irritation and histopathological findings did not show any topical 

irritation associated with NTZ-QUR-NTG. Moreover, macrophage uptake 

analysis demonstrated that NTZ-QUR-NT were able to enhance macrophage 

internalization of both the drugs by passive targeting.  

 Upon assessment in terms of anti-leishmanial potential, cell viability and 

toxicity the NTZ-QUR-NT system was found superior to NTZ-QUR dispersion. 

Overall, it is concluded that the NTZ-QUR-NTG has the ability to passively 

target the macrophages residing in the dermal layer with improved anti-

leishmanial effect
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FUTURE PROSPECTIVES  

 In order to find the extent of permeation of transferosomes into deeper skin 

layers, fluorescent microscopy can be performed for skin treated with dye 

loaded transferosomes. 

 In-vivo anti-leishmanial assay must be performed to properly assess the 

therapeutic response of this designed co-loaded nano system (NTZ-QUR-NT). 

 Different ligands can be attached to NTZ-QUR-NT for more advanced and 

active targeting of the leishmanial parasites. 
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