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Abstract


Background and aims: Hair loss is a worldwide problem and minoxidil is one of FDA-approved drugs for this stressing condition. Use of topical vesicular formulations containing minoxidil and tretinoin likely increase permeability, efficacy, and release time and decrease the drug toxicity. One of the vesicular systems is the niosome formulation which prepared and investigated about physiochemical properties in this study.

Methods: The niosome formulations containing minoxidil and tretinoin consisting of non-ionic surfactants including sorbitan esters (Span 20, 40, 60 and 80), polysorbate (Tween 20, 40, 60 and 80) with cholesterol were produced by thin layer hydration. Niosome contained 2% minoxidil and 0.05% tretinoin was prepared. Niosome properties included microscopic observations, minoxidil and tretinoin release, particle size distribution, percent of confinement and stability during the time were evaluated.

Results: The normal particle size distribution observed in all formulations. All niosomes were like multi-lamellar vesicles except Span- Tween 40 formulation. The highest confinement percent of minoxidil was 95% and 80% in tretinoin. The minimal changes in particle size were occurred during 6 months in the refrigerator temperature. The 65% release at 60min was seen for niosomes which was higher than minoxidil but lower than tretinoin solutions.

Conclusion: The niosomes were stable and effective during the time due to the presence of mono-oleat chain in the family of Tween and controlled release of minoxidil and tretinoin, respectively. Therefore, niosome formulations containing minoxidil and tretinoin can be used as a new drug delivery system in the treatment of hair loss.
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Introduction


Skin is one of the most important tissue in the body which protects from other tissues and organs against fluid loss and foreign agents. Also it can play role as absorptive area for topical drug application [1]. Skin has several structural and functional layers included epidermis, derma and hypodermis in which derma contain the hair follicles in all part except palm, red parts of the lips, sole’s skin and parts of genital system [2]. Hair cycle has 3 phases included anagen, catagen and telogen. Anagen (growth phase) continued for 2-6years and 85% of hairs are in this step [3,4]. Catagen (transition phase) is the apoptotic step which duration of 1-2 weeks and 0-5% of hairs have this step [5]. Finally, 5-10% of hairs are in telogen step which continued for 3 months and is the rest step [6]. Matrix cells stop proliferating during catagen, and catagen-inducing factors stimulate apoptosis in the hair matrix cells [7].


Hair loss, also called alopecia, means a loss of hair from scalp which is distressing condition and can be classified as androgenic alopecia (AGA) [8], androgenetic alopecia [9], andtelogen effluvium [10] and alopecia areata (AA) [11]. AGA and AA are common forms of hair loss. AGA is caused by the heightened sensitivity of scalp follicles to dihydrotestosterone (DHT) whereas AA is induced by autoimmune reactions [12]. There are only two FDA-approved drugs for hail loss which included minoxidil for both genders and finasteride only for men [13]. Minoxidil is a vasodilator which firstly known for its anti-hypertension effect but now it is clear that it stimulates hair growth in AGA [14].


Indeed, hair growing is one of the side effects of this drug by two mechanisms of increasing of blood circulation around the hair follicles and also conversion of testosterone to weaker androgen [15,16]. As well as, minoxidil stimulates the activity of cyclooxygenase 1 and prostaglandin E2 production [17]. On the other hand, tretinoin, a retinoic acid derivative, is a mitogen that promotes epidermal cell growth and differentiation, and angiogenesis [18]. Combination of this two drug may be increased the hair growing effects of each alone. Niosomes, are microscopic lamellar structures composed of nonionic surfactants and cholesterol, act as drug reservoirs and the rate of drug release can be modified by changing their composition [19]. Therefore, the physiochemical properties of this vesicular carrier in the action and effect of each drug are highly important. In the present study, a topical niosomal formulation of minoxidil and tretinoin was prepared and their physiochemical properties were evaluated and reported. This paper focuses on the in vitro preparation and evaluation of new niosomal formulation contain minoxidil and tretinoin.


Materials and Methods

 
Chemicalagents


Minoxidil powder was purchased from Sepidaj Pharmaceutical Co. (Tehran, Iran). Combination of minoxidil and tretinoin powder was prepared by Smilax Laboratory in order by Iran Darou (Tehran, Iran). Cholesterol, Span 20, 40, 60, 80 and Tween 20, 40, 60, 80 were purchased from Fluka Chemicals Ltd (Gillingham, England). Chloroform and isopropyl alcohol were purchased from Merck (Germany). All other materials were analytical grades and were available commercially



Maximum absorbance λmax )

 


Standard concentrations of 2.5, 5, 7, 10 and 15μg/ml of tretinoin in ethanol 80% were prepared. Then their absorptions in wave length range (200-800nm) was evaluated using UV- visible spectrophotometer (Shimadzu UV-3100, Japan) against ethanol 80% as blank. Similar procedure with 0.1% HCl as solvent was done for minoxidil. Tretinoin and minoxidil showed the λmax at 339nm and 281nm, respectively. Standard curves max 1 were created using different concentrations of minoxidil (4, 8, 12, 16, and 18μg/ml in 0.1% HCl) and tretinoin (2.5, 5, 7, 10 and 15μg/ml in ethanol 80%) and evaluation of absorbance at 281nm and 339nm against 0.1% HCl and ethanol 80% as blanks, respectively.



Preparation of niosomal formulation



By consideration of 300μmol as total lipid phase of niosomes, stock solution of cholesterol and each surfactant were prepared based on the Table 1. Thin layer hydration of lipid was used for niosome preparation. Briefly, surfactants, cholesterol, minoxidil and tretinoin were dissolved in 5ml of chloroform, attached to the rotary evaporator device (Heidolph VV2000, Germany) and heated for 25min at 60 °C with 150rpm. In this situation the vacuum pump was turn on to create the thin layer of lipid in the inner wall of the balloon after evaporation of all solvents. Then 5ml of 60 °C deionized water was added to this thin layer and hydration was done for 30min at 60 °C with 180rpm to produce milky like suspensions contained niosomes. Created niosomes were placed in the glass vials and can store at room temperature for 24hr or at 2-8 °C for up to 6months.




Table 1:  Cholesterol and Span/Tween ratio in preparation of niosomes.
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Niosomal morphology



Niosome formation, type and shape of niosomes, relative diameter of lipid bilayer wall, particle size, formation of crystals and drops, separation of surfactant and cholesterol and niosome aggregation were evaluated using light microscopy with magnification of x40.


Analysis of niosomal particle size


Mean diameter of particular systems were evaluated and chart of particle size distribution was drawn using Malvern Master Sizer 2000E (England). This apparatus can differentiate particles with size between 0.1 to 1000μm and volume mean diameter (d50) was reported.


Physical stability of niosomal suspension


Niosomal suspensions were placed at 2-8 °C for one week, 1, 3, and 6 months and then niosomal morphology was evaluated using light microscopy and Malvern Master Sizer 2000E.


Confinement percentage of minoxidil and tretinoin


To evaluate the confinement of drugs in niosomes, the samples were placed in falcon and were centrifuged at 20000rpm. The supernatant which contained unconfined drugs were collected and washed with phosphate buffer and recentrifuged. The precipitations which contained were collected with 1ml of isopropyl alcohol and their absorbance was assessed at 281nm for minoxidil and at 339nm for tretinoin against niosome without drug.



In-vitro releasing of minoxidil and tretinoin from niosomes


Franz Diffusion Cell (Ashk-e-Shishe Co, Tehran, Iran) was used to evaluate the releasing of minoxidil and tretinoin from niosomes in-vitro through an acetate cellulose membrane similar to biological membrane at 37 °C. This glass cell had one donor compound and one receptor chamber with the volume about 15ml. The acetate cellulose membrane was immersed in receptor phases (50:50w/w of water:ethanol 96% for minoxidil and 80:20w/w of water:ethanol 96% for tretinoin) for 24hr and then placed in the related place in cell. Cell was filled completely by receptor phase and a magnet to prevent the existence of any bubbles and provide homogenous distribution of active substance and temperature through the receptor phase. To fix the temperature at 37 °C around the receptor phase, magnet with mean rate of 300rpm was used. Sampling from the receptor phase were done at 0 (time of adding 1ml sample to donor phase), 2, 5, 7, 10, 15, 20, 30, 45, 60 and 90min. the minoxidil and tretinoin contents of each sample were evaluated using UV- visible spectrophotometer.



Results




Microscopic characteristics of different formulation of niosomes are presented in Table 2 and also selected figures from better formulations are showed in Figure 1. As shown, certain differences were existed in shape, relative number, phase and crystal separations, niosomal aggregation and etc., but most of niosomes were multi-lamellar vesicles (MLV). The F4 formulation was selected as the best formulation due to lack of niosomal aggregation, no crystal separation, lack of particle or droplet of surfactant or minoxidil and tretinoin powders, no phase's separation, and relative high number of niosomes. Changes in particle size distribution in response to storing at 2-8 °C for 1 week, 1, 3, and 6 months are presented in Figure 2. As shown, tretinoin contained niosomes had no changes during the time but minoxidil contained niosome show small changes in particle size especially after 6 months storing.





Table 2:  Microscopic characterizations of different formulations of niosomes.
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*High means that the number of niosomes in magnification of *400 was higher than 50.


MLV, multi-lamellar vesicles; TWV, thin wall vesicle.


Percentage of confinement of minoxidil and tretinoin in niosomes was 95.0±3.5% and 80.8±9.2%, respectively. Percentage of release of minoxidil and tretinoin from niosomes are shown in Figure 3. As presented niosomal formulation had higher percentage of release in comparison to minoxidil solution during 60min, but had lower percentage of release when compared to tretinoin solution during 20min.


Discussion


Although minoxidil is one of the two FDA-approved drugs for androgenic alopecia, but low permeability and solubility limited its application in the treatment of alopecia. Also due to the tendency of the minoxidil to crystallize, its formulation shows relatively inefficient uptake by the skin [20]. On the other hand, topical application of ethanolic based minoxidil has certain adverse effects such as erythema, pruritus, desquamation and dryness [21]. It has been reported that tretinoin can be used to increase the ability of minoxidil to penetrate the scalp and this is due to tretinoin-related keratinolytic effect [22]. However, tretinoin is instable in the light and irritates the skin in topical application. Therefore, use of new topical applicable form for two drugs to achieve better outcomes in treatment of alopecia is mandatory.


Previous reports demonstrated that niosome, as a vesicular systems with non-ionic surfactant structure, could be used for increasing the penetration ability of some drugs such as sodium stibogluconate [23], flurbiprofen [24], and capsaicin[25].Thus, niosomal formulation of tretinoin and minoxidil was prepared and its physicochemical properties were evaluated. We found that one of the formulation which contained 70% molar surfactant level (0.8ml Span 40 and 1.3ml Tween 40) plus 30% molar cholesterol (0.7ml) was the best formulation. This formulation had high number of niosomes with multi-layer wall, lack of surfactant particles or droplets and was stable during the 6months in 2-8 °C. Finely, it contains well level of minoxidil (95%) and tretinoin (80%) and also appropriately released it in laboratory conditions.


It has been reported that penetration of niosomal minoxidil in epidermal and dermal layers of skin was greater than dissolved minoxidil in propylene glycol water-ethanol solution [26].In another study, it was showed that niosomal formulations increased the percentage of drug accumulation in the skin compared with minoxidil hydroalcoholic solution as control and commercial formulations containing 5% minoxidil and 1% dexpentanol. Also, physical stability of niosomal formulations for 3 months at refrigerator temperature has shown a fairly high retention of minoxidil inside the vesicles (80%).


Mixture of surfactants with different hydrophilic-lipophilic balance (HLB) was used for production of niosome. For instance, novel elastic niosomes entrapped with diclofenac diethylammonium with surfactant which had HLB of 3.8-10 was used for evaluation of anti-inflammatory activity [27]. Also when a mixture of surfactant was used, for example Tween 85, Poloxamer F108 and Tween/Span 60, the total HBL is the mean of all HBL [28]. We used two different surfactant with similar hydrocarbon chain together and all of them could produce niosomes. Based on our previous expertise [29,30], we used sorbitan esters (Span), their ethylinated polyoxan derivatives (Tween) and non-ionic polyoxy ethylene alkyl ether surfactants for preparation of minoxidil and tretinoin niosomes.


When the length of hydrocarbon chain is increased, temperature phase transition (TPT) is also increased. This high TPT can lead to gel status of the lipid bilayer and increased the confinement of water soluble drugs. Among our used surfactants, the Span 60 with HLB 4.7 had the highest TPT. This surfactant was also used in preparation of proniosomes contained piroxicam [31]. A combination of Span 60 with different fatty alcohols in the presence of water and alcohol could produce stable niosomes [32]. Niosomes which were prepared using Span 60 and cholesterol showed high confinement percentage of colchicine [33]. However, recently reported that only Span 20, Span 60 and Tween 20 with cholesterol have ability to produce nano-size vesicle and Span 60 was shown to be a better surfactant for niosomal stability form based on maximum entrapment efficiency and minimal particle size [34].


Drug releasing from new system of drug delivery is dependent to system type, route of administration, nature of confined drug, and type of receptor phase. Confinement and releasing profiles can be changed in response to changes in particle size, multi-layer and fluidity of the membrane which themselves are dependent to length of hydrocarbon chain, its saturation and cholesterol level. In addition, the physicochemical nature of drug can be affect the releasing rate from lipid systems which is reported for insulin and chlorpheniramine [35,36]. Minoxidil is a low water soluble drug and has slow but long time releasing. We found that niosomal system could increase minoxidil permeability and cross- movement through the membrane in comparison to minoxidil solution and may be present similar effect in the invivo systems [37-40].


Conclusion







Minoxidil and tretinoin are routinely consumed for treatment of alopecia but some limitations are existed in use of them such as low levels of percutaneous penetration and stability. Niosomes are novel drug delivery system which can be used to overcome these limitations [41,42]. In this study, a formulation contain 70% molar surfactant level (Span/Tween 40) plus 30% molar cholesterol was created as the best formulation with high number of niosomes in multi-layer wall, without surfactant particles or droplets which was stable over the 6months in 2-8 °C. Also, it had 95% and 80% confinement of minoxidil and tretinoin which released it appropriately in comparison to each solution alone. It can be said that niosomal formulation using Span/Tween and cholesterol have potential for the topical delivery of minoxidil/tretinoin in skin diseases such as hail loss albeit after pharmacological and toxicological both at in-vitro and in-vivo levels.
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