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Abstract

:

The ethanolic extract of Carissa carandas L. (ECE) inhibited the enzyme tyrosinase, enhanced the proliferation of normal human dermal fibroblast cells, and increased the formation of collagen type I, indicating possible anti-aging and whitening effects. However, the stratum corneum acts as a rate-limiting stage in the absorption of herbal extracts through the skin, resulting in limited absorption of ECE via the skin, which affects the efficacy of ECE. The purpose of this study was to develop ECE encapsulated in transethosomes for improved skin penetration as a novel brightening and anti-aging cosmeceutical ingredient. Transethosomes were successfully developed using the sonication technique, with a suitable formulation including 1.00% (w/w) phosphatidylcholine, 0.10% (w/w) polysorbate 80 and 28.55% (v/v) ethanol. The physicochemical properties, encapsulation efficacy, in vitro skin permeation and toxicity of ECE-loaded transethosomes were also investigated. The result showed that the percentages of encapsulation of ECE loaded in transethosomes increased slightly with higher concentrations of the ECE. When compared to the liquid extract, the ECE loaded in transethosomes significantly increased (p < 0.05) skin penetration. Furthermore, ECE loaded with transethosomes showed low cytotoxicity in normal human dermal fibroblast cells and caused no skin irritation when evaluated on reconstructed human epidermal skin. Given these abilities, it is evident that transethosomes containing ECE are highly effective anti-aging and skin-whitening agents, making them a promising new cosmeceutical ingredient.
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1. Introduction


Carissa carandas L. (Apocynaceae), often known as Karanda, is widely used as a medicinal herb. It is a large dichotomously branched evergreen shrub with short stems and strong thorns in pairs. It is also effective for anti-oxidant, anti-tyrosinase, anti-microbial, wound healing, fever reduction, and heart disease [1,2,3,4]. This fruit extract has found the phytochemical constituents, including Vitamin C, anthocyanin, flavonoids, glycosides, alkaloids, carbohydrates, sterols, terpenoids, tannins, and saponins [2,3]. The extract contains potent antioxidants, such as bioflavonoids and anthocyanins, which can help delay aging and reduce wrinkles. A study found that C. carandas L. extract effectively inhibited the growth of Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli more effectively than gentamicin [5]. In addition, the extract has wound-healing and anti-inflammatory properties, particularly in chronic wounds [4,6] and exhibits anti-bacterial activity [3]. Additionally, ethanolic C carandas L. extract has been found to inhibit the enzymes MMP-2 and MMP-9, which are responsible for collagen degradation, as well as hyaluronidase, an enzyme associated with the breakdown of hyaluronan in the skin [7]. These findings indicate that C carandas L. extract has the potential to be used as an active ingredient in brightening and anti-aging cosmeceutical products.



Currently, there have been progress in the development of different techniques to deliver active ingredients derived from herbal extracts, with the aim of increasing the efficacy of these compounds and enhancing their absorption through the skin. Physical techniques include iontophoresis, sonophoresis, microneedles, and drug delivery systems such as liposomes, niosomes, and micelles [8]. The stratum corneum acts as a rate-limiting stage in the absorption of active compounds from plants or herbs through the skin. The outermost layer of the epidermis, known as the stratum corneum, provides the purpose of protecting the skin against contamination, toxic substances, and other outside elements. The protective structure of this design leads to limited absorption of drugs via the skin, which affects the efficacy of drug or active ingredients [8,9]. However, these issues can be addressed using drug delivery systems such as transethosomes, which are highly flexible vesicles developed from ethosomes and transferosomes. They consist of phospholipids, ethanol, and edge activators from non-ionic surfactants, which can encapsulate both hydrophilic and lipophilic substances. Transethosomes can penetrate the skin in a flexible, deformable vesicular form, adapting their shape as they move through the skin. The advantages of transethosomes include their ability to penetrate deeply into the skin, protect active substances from degradation due to moisture, extend shelf life, and shield substances from sunlight and oxidation. They also enhance the penetration of active compounds and deliver them to targeted sites, exhibiting the ability to squeeze through gaps between cells, due to their flexible nature and the ethanol component, which improves lipid membrane fluidity [10,11]. Previous studies have shown that transethosomes improve the penetration of active substances, enhance their effectiveness on target cells, and increase anti-oxidant activity [12,13]. Given these properties, it is evident that C. carandas L. extract has the potential for development into a cosmeceutical active ingredient for anti-aging and skin brightening. By enhancing its efficacy and stability through encapsulation in transethosomes, it could improve effectiveness, cellular delivery, biocompatibility, and skin penetration, while also adding market value to the cosmetic industry.



As previously stated, the development of a cosmeceutical ingredient based on C. carandas L. was an important research topic to study. Hence, the goal of this research was to extract C. carandas L. (ECE) and to explore its biological and toxicological activities as anti-aging and brightening effects. It was then used to develop and evaluate transethosomes, which could be employed as a new cosmeceutical agent for rejuvenation and skin whitening.




2. Materials and Methods


2.1. Materials


Phosphatidycholine (80%, purified) was purchased from Myskinrecipes (Bangkok, Thailand), Polysorbate 80 was purchased from Chem Supply Pty Ltd. (Gillman, SA, Australia), absolute ethanol was purchased from RCI Labscan (Bangkok, Thailand), Roswell Park Memorial Institute media (RPMI 1640) and anti-biotic-anti-mycotic (streptomycin) were purchased from PAA Laboratories GmbH (Cölbe, Germany), Fetal bovine serum (FBS) was purchased from Gibco (Grand Island, NY, USA) resazurin (Sigma Aldrich, St. Louis, MO, USA), and Carissa carandas fruit was purchased from Amphawa, Samut Songkhram Province, Thailand.




2.2. Extraction of C. carandas L.


Briefly, 200 g of dried C. carandas L. fruit was extracted with a mixture of ethanol and water using ultrasonication technique at room temperature (27 ± 2 °C) for 30 min. The extract was filtered through the paper filter Whatman No. 1, connected with a vacuum pump. The residues were re-extracted more by the same process twice. All filtrates were collected, pooled and dried by a rotary evaporator (Rotavapor R210, Buchi, Switzerland) at 40 °C. The crude extracts were kept at −80 °C until use. The percentage yield was calculated as Equation (1).


% Yield = (The weight of plant extract/weight of the dried plant sample used) × 100



(1)








2.3. Determination of Malic Acid in ECE


Furthermore, 70 mg of ECE were precisely weighed and extracted with 70% ethanol. The extract was then extracted again with 0.01 M KH2PO4 (pH 2.3 buffer) in a 25 mL container for 10 min using an ultrasonic bath. After the solution had cleared, the volume was adjusted to 50 mL in a volumetric flask containing 0.01 M KH2PO4 (pH 2.3 buffer). The resulting solution was filtered through a 0.2 µm syringe filter before being analyzed using HPLC. The malic acid content of ECE was then determined using a Waters Alliance 2695 LC system (Milford, MA, USA) connected to a Waters model 2996 photodiode array detector (PDA). Data collection and processing were carried out using an Empower workstation. The optimum HPLC system used a C18 reverse phase column (Phenomenex Luna C18, 150 × 4.6 mm i.d., particle size 5 μm, Torrance, CA, USA). The isocratic was eluted using phosphate buffer pH 2.3 at a flow rate of 0.5 mL/min, and PDA was detected at 210 nm. The temperature of the column was kept at 25 ± 5 °C. The injection volume was 20 µL. The overall run time was 30 min per sample.




2.4. Determination of Cytotoxicity and Biological Activities of ECE


2.4.1. Cytotoxicity Test in Melanoma Cell (B16F10)


B16F10 melanoma cells were grown as a monolayer in Roswell Park Memorial Institute media (RPMI 1640; PAA, Pasching, Austria), supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, PA, USA), 100 units/mL penicillin, and 0.1 mg/mL streptomycin (anti-biotic-anti-mycotic; PAA, Pasching, Austria). The cultures were housed in a humidified atmosphere with 5% CO2 at 37 °C, with the medium being replaced every 2 days. The conversion of resazurin (Sigma, MO, USA) to resorufin, a cellular health indicator, happens in the cytoplasm of living cells. Resazurin, a non-toxic blue and practically non-fluorescent compound, changes in live cells to red, highly fluorescent resorufin, causing enhanced fluorescence and an apparent color change in the surrounding media. B16F10 murine melanoma cells were planted in 96-well plates with a density of 104 cells per well. After 48 h of incubation with 50 µg/mL extracts, 20 µL of resazurin (14 mg/dL) was added to each well, and absorbance was measured at 570 and 600 nm after 4 h of incubation at 37 °C. Cells treated with 0.05% dimethyl sulfoxide (DMSO) and kojic acid served as vehicle and positive controls, respectively, with background measurements taken from the culture media. All experiments were conducted in triplicate.




2.4.2. Cytotoxicity in Normal Human Dermal Fibroblast Cells


Cells were seeded into a 96-well plate at a density of 1 × 105 cells/mL and incubated for 24 h. Various concentrations of test samples, dissolved in DMSO (200 µL, ranging from 10 to 1000 µg/mL), were added to the cells and incubated for an additional 24 h. After incubation, the samples were removed, and the cells were washed. Following washing, 50 µL of MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) solution (5 mg/mL) and 150 µL of medium were added to each well. The plate was then incubated at 37 °C with 5% CO2 for 4 h. The medium containing MTT was discarded, and the resulting MTT formazan was dissolved by adding 150 µL of DMSO with gentle agitation for 15 min. The absorbance was measured at 540 nm. The extract’s cytotoxicity was assessed by determining the IC50, defined as the concentration that inhibits 50% of cell viability.




2.4.3. Determination of Tyrosinase Inhibition


The extracts were tested using the modified tyrosinase inhibition method previously published [14]. In a 96-well plate, 120 µL of 1.66 mM tyrosine solution prepared in 0.1 M phosphate buffer (pH 6.8), 60 µL of five serial concentrations of plant extracts (ranging from 0.001 to 10 mg/mL, diluted in a 1:1 mixture of methanol and 20% v/v DMSO), and 60 µL of phosphate buffer were combined. The mixture was incubated at 37 ± 2 °C for 1 h. Following incubation, 60 µL of tyrosinase enzyme solution (0.6 mg/mL in phosphate buffer) was added to each well. Enzyme activity was then measured using a microplate reader set to 450 nm. For comparison, alpha-arbutin and kojic acid (both at 0.1 mg/mL) were used as positive controls. The IC50 value, defined as the concentration of the extract required to inhibit 50% of tyrosinase activity, was determined. Tyrosinase inhibition (%) was calculated according to Equation (2).


   %   Tyrosinase   inhibition =        Abs   control   −   Abs   sample         Abs   control       ×    100   



(2)








2.4.4. Determination of Cellular Tyrosinase Activity


Tyrosinase activity was assessed using a spectrophotometric method by tracking the oxidation of DOPA to dopachrome. B16F10 melanoma cells (5 × 104 cells/well) were seeded into a 96-well plate, incubated for 24 h, and treated with a 50 µg/mL extract. Following trypsinization, the cells were collected, pelleted, and washed with PBS. The cell pellets were lysed in 100 µL of 100 mM sodium phosphate buffer (pH 6.8) containing 1% Triton X-100 and 0.1 mM PMSF. After 30 min, the lysates were centrifuged at 10,000 rpm for 20 min at 4 °C. The resulting supernatant was transferred to a sterile 1 mL microtube and stored at −80 °C. In a 96-well plate, 100 µL of the protein suspension was combined with 100 µL of 5 mM DOPA. After a 2 h incubation, absorbance was recorded at 475 nm.




2.4.5. Determination of Cell Proliferation Activity


The ECE was tested for cell proliferation activity in normal human dermal fibroblasts using the SRB assay described by Manosroi et al. [15]. Ascorbic acid (50 µg/mL) was utilized as a positive control. The cells were plated at a density of 1 × 105 cells/well in 96-well plates and allowed to attach overnight in 5% CO2 at 37 °C. Cells were subsequently treated to the extracts at both doses (0.5 and 1 mg/mL) for 24 h. Following incubation, the adhering cells were fixed in place, washed, and stained with SRB. The bound dye was solubilized, and absorbance was measured at 540 nm using a well reader. The assays were carried out in three different and separate experiments. The proportion of cell proliferation was calculated using Equation (3).


   %   Cell   proliferation =        A   sample    −    A   blank         A   control    −    A   blank       ×    100   



(3)








2.4.6. Determination of Stimulate Collagen Production


Normal human dermal fibroblast cells (ATCC CRL-1474, Manassas, VA, USA) were grown in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum, 2 mM L-glutamine, and 100 unit/mL penicillin and streptomycin. The cells were incubated in a humidified 5% CO2 atmosphere at 37 °C for 72 h. The cells were seeded in a 6-well plate at a density of 2 × 105 cells/mL and incubated for 24 h. After that, the media were removed and added with different concentrations of extract (50, 100, and 200 µg/mL), incubated continually for 24 h and the extracts were then removed. The supernatant was detected for collagen using COL1A1 AlphaLISA assay kits (Perkin Elmer Inc., Shelton, CT, USA) according to the manufacturer’s instructions. After that, the percentage of collagen stimulation was generated with the following Equation (4).


   %   Collagen   stimulation =        AC    −    AT      AC    ×    100   



(4)








	
AC = the collagen concentration of the control



	
AT = the collagen concentration of the test sample










2.5. In Vitro Skin Irritation Testing


Both samples, ECE and ECE loaded in transethosomes, were tested for in vitro skin irritation using the standard method OECD test guideline No439: Reconstructed Human Epidermis Test Methods. Briefly, the SkinEthicTM RHE/reconstructed human epidermis tissues were treated with the sample for 42 min at room temperature. PBS and 5% SDS were employed as the negative and positive controls, respectively. All tissues were washed with PBS and incubated for 42 h at 37 °C and 5% CO2. Cell viability (%) was determined using the MTT conversion assay. In vitro interpretation criteria include non-irritant tissue replicates with a mean viability of more than 50% and irritant tissue replicates with a mean viability of less than 50%.




2.6. Transethosomes Preparation


Phosphatidylcholine and edge activators (polysorbate 80, PEG-40 hydrogenated castor oil, or polysorbate 20) were dissolved in ethanol and subsequently agitated using a magnetic stirrer at 600 RPM until a uniform solution was formed (Part I). After that, the extract of ECE was dissolved in ethanol. Subsequently, 500 µL of propylene glycol was added and stirred with a magnetic stirrer at 600 rpm until a transparent pink solution was achieved (Part II). Next was incorporating the mixture of Part I into the mixture of Part II. The formulation added preservative and adjusted an appropriate volume to 100 mL using deionized water. The mixture was agitated constantly using a magnetic stirrer set at 600 RPM for 15 to 30 min. Subsequently, transethosomes were generated, including several methods, as outlined in Table S1.




2.7. Effect of Concentrations of ECE Loaded in Transethosomes


The sonication technique was employed to prepare transethosomes with different concentrations of ECE (Table S2). In a 100-mL vial, 1.0 g phosphatidylcholine and 0.1 g Tween 80 were dissolved in 13.55 mL of 70% ethanol using a stirrer set at 600 rpm (Part I). In 15 mL of 70% (v/v) ethanol, ECE at concentrations of 0.5% (0.5 g), 1.0% (1.0 g), and 2.0% (2.0 g) (w/v) was dissolved. Subsequently, 500 µL of propylene glycol was added (Part II). The mixture in Part I was combined with the mixture in Part II at the interface. A preservative was added to the formulation, and the volume was adjusted to 100 mL using deionized water. The mixture was then stirred continuously at a speed of 700 rpm. The suspension was prepared to form transethosomes using an ultrasonic probe (Hielscher UP400St, Teltow, Germany) at 40 amplitudes and a pulse rate of 10% for 5 min. The total transethosomes volume was 100 mL.




2.8. Size, Polydisperse Index (PDI), and Zeta Potential Measurement


Size, polydispersity index (PDI), and zeta potential were measured using dynamic light scattering (DLS) and electrophoretic light scattering (ELS) with the Zeta sizer Nano ZS (Malvern Panalytical Ltd. in Malvern, UK). Prior to testing, the samples were 100-fold diluted with deionized water.




2.9. Morphology


The morphology of nanoparticles was observed under a Transmission Electron Microscope (TEM) model Hitachi HT7700 (Tokyo, Japan) at 80 kV. The blank transethosomes and ECE loaded in transethosomes were prepared by diluting 20 and 50-fold with DI water, respectively. Both were dropped onto a carbon-copper grid, waited for 30 min, and subsequently stained with 1% uranyl acetate.




2.10. Determination of Entrapment Efficiency (%EE) and Drug Loading Capacity (%LC)


The Amicon centrifugal filter tube (30 kDa, Merk Millipore in Cork, Ireland) was used to evaluate the encapsulation efficiency (%EE). A volume of 1 mL of transethosomes was added to the tube and subjected to centrifugation at 5000 g (RCF) for 30 min. The obtained precipitate and supernatant were diluted in methanol at a 10-fold concentration and then passed through a syringe equipped with a 0.22 µm nylon membrane filter. Both parts were analyzed for malic acid quantification using HPLC-PAD (Figure S1). The %EE and %LC were calculated using Equations (5) and (6) [16]:


  %  EE =        Malic   acid   of   precipitated         Malic   acid   of   supernatant + Malic   acid   of   precipitated       ×    100   



(5)






  %  LC =        Malic   acid   of   precipitated      mg          Total   lipids      mg        ×    100   



(6)








2.11. In Vitro Permeation Study


The artificial skin mimetic membrane (Strat-M® membrane, Merck KGaA, Darmstadt, Germany) is a pre-screening tool to evaluate skin permeation for cosmeceutical purposes and was used in this study as described by Opath et al. [17]. The membrane was soaked overnight with phosphate buffered saline (PBS), pH 7.4. The 10 mL of PBS pH 7.4 was filled into the receptor chamber of the FDC-6 Franz diffusion cell (Logan Instrument Corp., Somerset, NJ, USA). The membrane was positioned between the chamber and the donor. The 2 mL of the 2% ECE-loaded transethosomes and ECE solution (2% ECE in 20% ethanol) were loaded onto the donor and covered by foil and parafilm. The permeation condition was maintained at 37 ± 2 °C with the continuous stirrer at 600 rpm, according to the method of Opatha et al. [17] and Tawfeeka et al. [18]. The samples were withdrawn at 0.5, 1, 2, 4, 6, 8, 24, 32, and 48 h. The samples were measured for the amount of malic acid by HPLC-PAD. The cumulative amount permeated was constructed with time. The steady-state flux (Jss) was attained from the slope of the linear regression graph. The lag time was calculated from the extrapolation of the axis intercept. The permeability coefficient and enhancement ratio were calculated according to Equations (7) and (8):


P = Jss/initial concentration



(7)






ER = Jss test/Jss control



(8)








2.12. Statistical Analysis


The results of our measurements were shown as mean values ± standard deviation, which were calculated as a result of three independent experiments. One-way ANOVA and Student’s t-test were used for the analysis of the data to determine the extent of any differences between the results.





3. Results and Discussion


3.1. Extraction, Phytochemical Constituents, and Biological Activities of Ethanolic Extract of C. carandas L. (ECE)


A dry weight yield of 50.68% was obtained from the ethanolic extract of C. carandas L. (ECE). The study found that the extract of ECE contains four main active compounds related to skin brightening and anti-aging mechanisms, including malic acid, rutin, quercetin, and ursolic acid. The amounts of active ingredients were 44.18, 0.47, 0.03, and 0.002% (w/w) for malic acid, ursolic acid, rutin, and quercetin, respectively (Table S3). The procedure for determining ursolic acid, rutin, and quercetin was demonstrated in the Supplementary Materials. These compounds belong to the phenolic and flavonoid groups, which are known for their skin-brightening and anti-aging properties [19,20]. When comparing the amounts of these compounds, malic acid was found to be the most abundant in the ECE. It has a retention time (RT) of 8.898 min in comparison to the standard of malic acid (see Figure 1). Academic reports indicate that malic acid, an AHA (alpha-hydroxy acid), has properties that help reduce wrinkles, even out skin tone, and diminish dark spots, such as post-inflammatory hyperpigmentation and melasma [21,22]. Therefore, this researcher chose malic acid as a key indicator of the quality of the ECE and its potential products in this study.



A comparison of the anti-tyrosinase activity of ECE with kojic acid is presented in Table S4. The results indicated that the ECE had a dose-dependent anti-tyrosinase action, characterized by an IC50 value of 0.06 mg/mL, while kojic acid had an IC50 of 0.05 mg/mL.



Figure 2 depicts the cytotoxicity of ECE on normal human dermal fibroblast cells and melanoma cells (B16F10). It was shown that the ECE showed low cytotoxicity towards normal human dermal fibroblasts and melanoma (B16F10) cells. The viabilities were consistently higher than 80% for all tested dosages, ranging from 0.01 to 1.00 mg/mL. Using the cytotoxicity classification for natural ingredients, our extract might be classified as a potentially low-toxic ingredient. Cytotoxicity testing in melanoma cells (B16F10) is performed before evaluating anti-tyrosinase activity to ensure that the compound does not cause excessive cell death or toxicity that would obscure the results of the subsequent analysis.



In addition, the ECE was tested for skin irritation using epidermal skin tissues in accordance with OECD Test No. 439: In vitro skin irritation: reconstructed human epidermis test methods. The test results were categorized into two groups: one group exhibiting no formation of purple formazan crystals, which suggests non-viable cells, and another group displaying dense formazan crystals, which provides evidence of viable cells. The cell viability rates are presented in Table 1. The positive control (PC), sodium dodecyl sulfate (SDS), has a skin tissue viability rate of 0.78 ± 0.07%, whereas the negative control (NC), phosphate-buffered saline (PBS), provides a cell viability rate of 99.99 ± 6.41%. The calculated cell viability rate for the ECE was 92.38 ± 3.96%. The obtained result confirms that the ECE can be considered safe and appropriate for application in cosmetic or cosmeceutical products.



Table 2 demonstrates that cellular tyrosinase inhibition, normal human dermal fibroblast proliferation, and collagen stimulation were investigated using doses of this extract ranging from 0.10 to 1.00 mg/mL.



Melanoma cells (B16F10), which are produced from melanocytes (pigment-producing skin cells), express a high level of tyrosinase. Tyrosinase is a crucial enzyme in the biosynthesis of melanin, converting tyrosine to DOPA (dihydroxyphenylalanine) and finally to melanin. As a result, melanoma cells (B16F10) naturally have high tyrosinase activity. Furthermore, melanoma cells are specialized to manufacture melanin, making them an appropriate model for examining the enzyme activity of tyrosinase [23]. Therefore, a cellular enzyme tyrosinase inhibition experiment was employed to assess the efficacy of ECE as a whitening effect. The study revealed that the ability of ECE to inhibit the enzyme tyrosinase suggests their potential as an ingredient for skin lightening in cosmeceutical products. ECE exhibited dose-dependence of anti-tyrosinase activity in melanoma cells (B16F10), with inhibition values ranging from 36.97 to 64.11% as the extract concentration was increased from 0.10 to 1.00 mg/mL (Table 2). Vitamin C, phenolic compounds, flavonoids, and malic acid are the primary components responsible for the anti-tyrosinase activity of fruit extract. The outcome exhibited identical characteristics to those reported by Khunchalee and Charoenboon [23]. The observation that the ECE exhibited the highest tyrosinase inhibition at 77.65% may be attributed to the high content of flavonoids, vitamin C, and anthocyanin in the ECE. These flavonoids and anthocyanins possess the capacity to inhibit both tyrosinase and melanogenesis.



Increasing amounts of ECE from 0.10 to 1.00 mg/mL resulted in normal human dermal fibroblast proliferation values ranging from 30.99 ± 6.75 to 41.07 ± 4.21%, indicating a dose-dependent effect (Table 2). The data shown in Table 2 demonstrates a positive correlation between an increase in normal human dermal fibroblast proliferation and the stimulation of collagen synthesis. A comparative ELISA assay was used to assess the collagen synthesis-stimulating capacity of ECE compared to the positive control ascorbic acid. Results indicated that the collagen production-boosting effect of this extract increased significantly (p < 0.05) from 24.31 ± 1.54 to 60.09 ± 0.97% as the concentration of the extract was increased from 0.10 to 1.00 mg/mL (Table 2). The result should be attributed to the composition of ECE, which includes phenolics, flavonoids, vitamin C, and malic acid. These components enable the extract to enhance the growth of fibroblasts and stimulate the creation of collagen. Fundamentally, the process of skin aging has been correlated to a reduction in the content of collagen in the skin, resulting in obvious indications, such as wrinkles and elasticity. One of the contributing factors to collagen deficiency is a decrease in synthesis. At present, there is a growing interest in compounds that are capable of promoting collagen synthesis for their potential use in skin anti-aging cosmetic formulations. Consequently, the ECE possesses strong anti-aging and skin-whitening properties, which makes it quite a promising new cosmeceutical agent.




3.2. Optimization of ECE Loaded in Transethosome Formulations


The optimal conditions for the formation of transethosomes loaded with ECE were evaluated by comparing the different techniques in Equations (1)–(3) (Table 3). Equation (3), using a probe sonicator for 5 min, produced the smallest particle size (463.77 ± 31.22 nm) and the highest negative zeta potential (−31.37 ± 0.42 mV). Formulations 1 and 2 were larger sizes, exceeding 500 nm, making it difficult for active substances to permeate from the outside to the deeper skin [24,25]. Hence, Formulation 3 was chosen for further development. Despite its relatively high polydispersity index of 0.64 ± 0.02; therefore, it was refined by experimentally investigating several edge activators in Formulation 3–5. The result revealed that Formulation 3, including Tween 80, still generated the smallest size due to the long carbon chain (C18) of polysorbate 80. Carbon chains of greater length result in smaller sizes compared to surfactants with shorter carbon chains, such as C12 [26]. Moreover, the HLB value of polysorbate 80 is comparatively lower than that of the other two surfactants. An elevated HLB value enhances hydrophilicity, resulting in increased surface free energy, and hence larger sizes were obtained [26]. These findings correlate with prior research indicating that polysorbate 80 produces smaller particle sizes in comparison to PEG 40 hydrogenated castor oil and polysorbate 20 [27,28]. In order to achieve a smaller size (379.60 ± 85.94 nm), which is consistent with previous results [29], and a more uniform particle size distribution (0.54 ± 0.03), further development was carried out by reducing the ethanol concentration to 20.0% (v/v) in Formulation 6. Nevertheless, it was seen that the zeta potential decreased to −22.80 ± 1.73 mV, which corresponds to prior research that found a positive correlation between higher ethanol concentration and more negative charges on the particles [30]. Further studies were conducted by changing the initial solvent from absolute ethanol to 70.0% (v/v) ethanol in Formulation 7, which resulted in a slight increase in size, but provided particle size distribution values that were more consistent, with a zeta potential still remaining below −30 mV. This is because the ECE used was extracted with 70.0% (v/v) ethanol, resulting in better solubility and improved binding capabilities with the particles, resulting in a decrease in size distribution and a larger size were obtained. In previous studies, the formulation used absolute ethanol to dissolve the ECE; hence, this may have resulted in incomplete solubility of the extract, causing the presence of extract crystals dispersed in the system, leading to more extensive particle size distribution, which may affect the zeta potential. This ratio was then further developed by adjusting the sonicator power in Formulation 8–10. It was found that Formulation 10, using 10.0% power, yielded the smallest size (277.47 ± 21.36 nm) and had a particle size distribution value of less than 0.50, indicating a uniform particle size distribution. However, the zeta potential obtained was −24.80 ± 0.87 mV. Since formulation 10 produced the smallest size and a uniform particle size distribution, this condition was selected for further study in preparing transethosomes with different concentrations of extract to enhance stability and deep skin penetration.




3.3. Effect of Concentration of ECE Loaded in Transethosomes: Formulation and Characterization


The development of transethosomes was optimized by varying the most appropriate conditions. The optimal transethosomes formula was determined to be 1.00% (w/v) phosphatidylcholine, 28.55% (v/v) ethanol, and 0.10% (w/w) polysorbate 80. In this study, the transferosome system was used to encapsulate extracts of ECE at concentrations of 0.50%, 1.00%, and 2.00% (w/w). As depicted in Figure 3, the transethosomes without the extract exhibited transparency with a light yellow color. The transethsomes displayed a pink-red color as a result of the inclusion of ECE extracts. After that, the physical properties of the transethsomes were investigated, including their size, zeta potential, size distribution, and the percentage of encapsulation efficacy of malic acid in ECE. The study of the optimal conditions for the production of transethsomes revealed that the most appropriate formulation for transethsomes comprises 1.00% phosphatidylcholine (w/v), 28.55% ethanol, and 0.10% polysorbate 80. This formulation results in particles with a size of 83.36 ± 12.06 nm, a size distribution (PDI) of 0.25 ± 0.01, and a zeta potential of −33.77 ± 0.71 mV. Furthermore, the effect of the concentration of ECE on the characteristics of the transethsomes, such as particle size, size distribution, and zeta potential, was investigated and presented in Table 4.



The study revealed that the formulation containing 2.00% ECE exhibited a particle size of 277.47 ± 21.36 nm and a size distribution of 0.45 ± 0.00 (Table 4). These values were significantly greater (p < 0.05) than those of the formulations containing 1.00% and 0.50% ECE. Moreover, the zeta potential of the 2.00% ECE-loaded transethosomes was measured to be −24.80 ± 0.87 mV, indicating a reduced negative value in comparison to the 1.00% (−31.43 ± 1.53 mV) and 0.50% (−30.43 ± 0.42 mV) ECE-loaded transethosomes. No statistically significant difference (p < 0.05) was seen between the formulations containing 0.50% and 1.00% ECE in all parameters. The increase in particle size of the transethosomes with 2.00% ECE was attributed to the aggregation of the head groups at the particle surface, as well as the enhanced encapsulation of the active compounds, resulting in the expansion of the transferosome walls. This observation corresponds to previous studies that have demonstrated a positive correlation between increased concentrations of extract and larger particle size [31,32]. Furthermore, transethosomes containing 0.50% and 1.00% ECE had zeta potentials less than −30 mV, showing significant particle repulsion that contributes to stability and prevents precipitation [33]. In contrast, increasing the ECE concentration to 2.00% resulted in a reduced negative zeta potential, which has previously been shown to decrease with larger extract quantities [32,34]. All formulations exhibited a size distribution of less than 0.5, indicating comparable size distributions [35]. Based on these findings, the transethosomes formulation containing 2.00% ECE was chosen for further investigation into skin penetration and safety, with the goal of developing it as a cosmeceutical agent for skin brightening and anti-aging.



The study on the % encapsulation of malic acid in transethosomes (Table 4) found that there were no statistically significant differences between the formulations (p < 0.05). However, the percentage of encapsulation increased slightly with higher concentrations of the ECE, which is consistent with previous studies that showed increased percentages of encapsulation with higher concentrations of active ingredients [34]. The percentage of loading capacity demonstrates that an increased ECE concentration leads to an improved ECE active ingredient loading capacity. All formulations exhibited a limited loading capacity of the active ingredient in ECE due to the migration and loss of the ECE active ingredient in the external aqueous phase [36].



The morphology of blank transethosomes and 2.00% ECE-loaded transethosomes (Figure 4) illustrates that both particles were spherical shapes.



The in vitro permeation study exhibited that 2.00% ECE-loaded transethosomes had a higher profile cumulative amount permeated of malic acid and enhancement ratio than 2.00% ethanolic extract solution (Figure 5).



Furthermore, ECE-loaded transethosomes demonstrated significantly increased flux (17.27 ± 6.68 µg/cm2/h), Q48 permeated (808.78 ± 324.64 µg/cm2), and permeability coefficient (11.31 ± 4.37 cm/h) more than ethanolic extract solution (Table 5). Nonetheless, ECE-loaded transethosomes exhibited a slightly lower lag time (0.51 ± 5.81 h) than the solution (2.28 ± 4.75 h), indicating that the ECE in the transethosome form shortens the initial permeation time compared to the ECE solution form (Table 5). The highest permeability of transethosomes was attributed to vesicle deformability and lipid perturbation across the membrane [37,38]. Additionally, ethanol, a component of transethosomes, provides high flexibility and increased lipid fluidity of membranes [39], while polysorbate 80 acts as an edge activator, contributing to high flexibility and deformability [40]. Furthermore, the small particle size of transethosomes and the enhanced solubility of the extract with transethosomes increase skin permeation [40]. In this study, in vitro skin permeation using Strat-M® Membrane (Merck KGaA, Darmstadt, Germany) is employed as a pre-screening tool to predict transethosome permeation efficacy. In future investigations, we will focus on ex vivo skin permeation using porcine skin and measure the retention of the active component. This will be followed by confocal microscopy to measure the depth of skin penetration.



The investigation revealed that the formulation of 1.00 and 2.00% ECE loaded in transethosomes exhibited low cytotoxicity towards normal human dermal fibroblast cells within the concentration range of 1.00–10.00 mg/mL (Figure 6). Cell viability over 80.0% was reported at all assessed concentrations. The findings indicate that the incorporation of ECE into transethosomes at concentrations ranging from 1.00 to 10.00 mg/mL has potential for use in the formulation of cosmeceutical products.



The skin irritation of ECE loaded in transethosomes was evaluated on epidermal skin tissues using OECD Test No. 439: In vitro skin irritation: reconstructed human epidermis test methods, as illustrated in Figure 7 and Table 1. The test results were classified into two categories: one group showing no production of purple formazan crystals, indicating non-viable cells, and another group exhibiting dense formazan crystals, indicating live cells. Table 1 displays the cell viability rates. The positive control (PC), sodium dodecyl sulfate (SDS), exhibits a skin tissue viability rate of 0.78 ± 0.07%, whereas the negative control (NC), phosphate-buffered saline (PBS), demonstrates a cell viability rate of 99.99 ± 6.41%. The determined cell viability rate for the ECE loaded in transethosomes was 103.59 ± 3.70%. The results indicate that the ECE loaded in transethosome formulation is safe and suitable for use in cosmetic or cosmeceutical products, hence enabling improvements in skin brightness and anti-aging effects.





4. Conclusions


In this study, Carissa carandas L. was extracted using ultrasonic assisted extraction (UEA) with a water-ethanol solvent mixture. C. carandas L. extract (ECE) inhibited the enzyme tyrosinase, increased the proliferation of normal human dermal fibroblasts, and stimulated the formation of collagen type I, demonstrating its efficacy as an anti-aging and skin whitening agent. Transethosomes were subsequently developed to encapsulate ECE for applications on the skin. Transethosomes were also successfully generated using the sonication technique with an appropriate formulation of 1.00% (w/v) phosphatidylcholine, 0.10% (w/v) polysorbate 80, and 28.55% (v/v) ethanol. The percentages of ECE encapsulated in transethosomes increased slightly as the extract concentrations increased. When compared to the liquid extract, ECE loaded in transethosomes improved skin penetration. Furthermore, transethosomes containing ECE demonstrated low cytotoxicity in normal human dermal fibroblast cells and caused no skin irritation when tested on reconstructed human epidermal skin. Therefore, ECE-loaded transethosomes are highly potent anti-aging and skin-whitening agents, making them a promising novel cosmeceutical ingredient. This research has the potential to develop a local fruit into a globally recognized active ingredient for use in health and cosmeceutical products.
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Figure 1. HPLC chromatogram of malic acid in ECE compared with the standard of malic acid. 
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Figure 2. Cytotoxicity test of ECE on normal human dermal fibroblasts cells and melanoma (B16F10) cells. 
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Figure 3. Appearance of various concentrations of ECE-loaded transethosomes. 
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Figure 4. Morphology of transethosomes by TEM, blank transethosomes (A), and 2.00% ECE-loaded transethosomes (B). 
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Figure 5. In vitro skin permeation of 2.00% ECE-loaded transethosomes compared with 2.00% ECE solution. 
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Figure 6. Cytotoxicity test of 1.00 and 2.00% ECE-loaded transethosomes on normal human dermal fibroblast cells. 
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Figure 7. Cross-sectional image of skin tissue under an inverted microscope (40× magnification). 
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Table 1. Skin irritation test of ECE and ECE loaded in transethosomes on epidermal skin tissues using the OECD Test No. 439: In vitro skin irritation.
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	Samples
	Simulated Skin Tissue After Testing and Incubation with MTT Solution
	Cell Viability(%)
	Results





	Positive control
	[image: Cosmetics 11 00199 i001]
	0.78 ± 0.07
	Irritant



	Negative control
	[image: Cosmetics 11 00199 i002]
	99.99 ± 6.41
	Non-irritant



	2.00% ECE
	[image: Cosmetics 11 00199 i003]
	92.38 ± 3.96
	Non-irritant



	2.00% ECE loaded transethosomes
	[image: Cosmetics 11 00199 i004]
	103.59 ± 3.70
	Non-irritant










 





Table 2. Effect of concentration of ECE on collagen stimulation and normal human dermal fibroblast proliferation.
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	Content of Extract (mg/mL)
	Inhibition of Enzyme Tyrosinase in Melanoma Cells (%)
	Collagen Stimulation (%)
	Fibroblast Proliferation (%)





	0.10
	36.97 ± 7.63
	24.31 ± 1.54
	30.99 ± 6.75



	0.50
	49.85 ± 8.00
	36.61 ± 2.48
	35.70 ± 5.98



	1.00
	64.11 ± 6.97
	60.09 ± 0.97
	41.07 ± 4.21



	Ascorbic acid (50 µg/mL)
	-
	17.81 ± 0.33
	42.50 ± 5.48



	Kojic acid (1.0 mg/mL)
	81.96 ± 5.74
	-
	-



	α-Arbutin (0.2 mg/mL)
	38.02 ± 2.60
	-
	-










 





Table 3. Size, polydisperse index (PDI), and zeta potential of transethosomes in different formulations.
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Formula

	
Physicochemical Properties




	
Size (nm)

	
Polydisperse Index (PDI)

	
Zeta Potential (mV)






	
1

	
834.43 ± 138.92

	
0.47 ± 0.12

	
−22.20 ± 0.78




	
2

	
504.00 ± 42.96

	
0.47 ± 0.01

	
−24.13 ± 0.32




	
3

	
463.77 ± 31.22

	
0.64 ± 0.02

	
−31.37 ± 0.42




	
4

	
649.67 ± 52.64

	
0.35 ± 0.01

	
−24.00 ± 0.87




	
5

	
345.17 ± 122.17

	
1.00 ± 0.00

	
−26.07 ± 0.83




	
6

	
379.60 ± 85.94

	
0.54 ± 0.03

	
−22.80 ± 1.73




	
7

	
412.43 ± 46.52

	
0.57 ± 0.01

	
−30.30 ± 0.10




	
8

	
399.23 ± 61.01

	
0.72 ± 0.09

	
−20.37 ± 1.27




	
9

	
232.40 ± 77.08

	
0.61 ± 0.11

	
−19.80 ± 1.87




	
10

	
277.47 ± 21.36

	
0.45 ± 0.00

	
−24.80 ± 0.87











 





Table 4. Effect of ECE content on size, polydisperse index (PDI), zeta potential, encapsulation efficiency, and loading capacity of transethosomes.
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	Content of ECE (%)
	Size (nm)
	Polydisperse Index (PDI)
	Zeta Potential (mV)
	Encapsulation Efficacy (%)
	Loading Capacity (%)





	0.50
	213.57 ± 13.54 a
	0.34 ± 0.04 a
	−30.43 ± 0.42 a
	49.81 ± 2.07 a
	2.71 ± 0.35 a



	1.00
	202.87 ± 5.22 a
	0.36 ± 0.05 a
	−31.43 ± 1.53 a
	67.77 ± 5.52 a
	7.18 ± 0.88 b



	2.00
	277.47 ± 21.36 b
	0.45 ± 0.00 b
	−24.80 ± 0.87 b
	63.02 ± 15.35 a
	14.70 ± 1.31 c







abc indicated statistically significant (p < 0.05) between groups.













 





Table 5. In vitro skin permeation steady-state flux, lag time, enhancement ratio (ER), permeability coefficient, and cumulative amount of 2.00% ECE-loaded transethosomes compared with 2.00% ECE solution.
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	Formulation
	Flux (µg/cm2/h)
	Lag Time (h)
	ER
	P × 10−3 (cm/h)
	Q 48 h (µg/cm2)





	2.00% ECE-loaded transethosomes
	17.27 ± 6.68 *
	0.51 ± 5.81
	4.14
	11.31 ± 4.37 *
	808.78 ± 324.64 *



	2.00% ECE solution
	4.18 ± 1.55 *
	2.28 ± 4.75
	1.00
	3.92 ± 1.46 *
	180.84 ± 33.59 *







ER: enhancement ratio, P: permeability coefficient, Q: cumulative amount. * Indicated statically significant (p < 0.05) between groups.
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