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Abstract

:

UVB irradiation promotes the production of reactive oxygen species, which can lead to an increase in oxidative stress in the cell and the generation of toxic components, resulting in photoaging. Essential oils (EOs) are well-known in the cosmetics sector for their beneficial effects, as they have a wide range of biological activities. Considering this fact, the current study investigates the photoprotective potential of geranium essential oil (GEO)/calendula essential oil (CEO) encapsulated vesicular cream on the biochemical parameters of the skin of albino rats exposed to UVB radiation. After 30 days of treatment with cream formulations and UVB irradiation, the skin tissue was assayed for several biochemical parameters and histopathology analysis. The results of biochemical study revealed that, in comparison to non-vesicular creams, vesicular cream formulations were able to protect the endogenous skin natural antioxidant system by maintaining superoxide dismutase, catalase, total protein, ascorbic acid, and hydroxyproline levels and by decreasing malondialdehyde levels in the skin after UVB exposure. Changes in various cellular structures along with the change in the epidermis and dermis of the skin after UVB exposure in the treated group were observed by a histopathology of skin tissue and compared to the non-treated group, which revealed the skin damaging effect of UVB radiation and the protective effect of vesicular creams. The results suggest that the GEO/CEO-encapsulated vesicular creams have the potential to protect the skin against harmful UVB radiation by maintaining the natural antioxidant defence mechanism of the skin. In conclusion, this research presents novel herbal cosmetic formulations with improved antioxidant capacity and photoprotective potential that may help to slow down the skin aging process.
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1. Introduction


The skin is a vital organ that protects the body from harmful stimuli by covering the whole outside of the body. Besides shielding us from light, heat, and injury, it also protects us from microbes and regulates body temperature, and allows a sense of touch, warmth, and cold [1]. The growing concern regarding skin care and nourishment have increased the demand of skin care cosmetics. As we age, our skin is affected by several intrinsic (cellular metabolism, genetics, hormones, and metabolism) and external factors (like pollution, UV light exposure for a long time, ionising radiation, toxins, and chemicals). Prolonged sun exposure is linked to cutaneous aging symptoms such as dull and rough skin, wrinkles, and dark patches. Photoaging is a process marked by histologic alterations such as damaged collagen fibres and an excessive build-up of aberrant elastic fibres [2]. UV radiation is classified as UVA, UVB, or UVC, based on its electrophysical properties. UVC photons have the smallest wavelengths (100–280 nm), whereas UVA photons have the largest wavelengths (320–400 nm), and UVB photons are in the middle (280–320 nm) [3]. Because UVC rays are efficiently blocked by the atmosphere, ambient sunlight is primarily UVA (90–95%) and UVB (5–10%). UVA radiation permeates deep into the dermis and causes damage of blood vessels, endothelial cellular necrosis, and collagen degradation [4]. UVB radiation reaching the Earth’s surface has grown in recent years due to the ozone layer’s depletion [5]. UVB radiations are almost completely absorbed by the epidermis. Inflammation, sunburn, photoaging, hyperpigmentation, and skin cancer are all caused by UVB radiation, which triggers the production of cytokines, vasoactive, and neuroactive mediators in the skin. UVB light induces the production of the reactive oxygen species (ROS) such as superoxide anion, hydrogen peroxide, and the hydroxyl radical, which can lead to an increase in oxidative stress in the cell, resulting in photoaging [6,7,8]. In photoaged skin, the epidermis thickens and elastic fibers degenerate, contributing to the formation of deep wrinkles [9].



Increasing awareness of adverse effects due to continuous exposure to sun has led to increased demand for antiaging and sunscreen cosmetics. Due to increased demand of herbal cosmetics, formulators are focusing on using plant-based active constituents. Use of essential oils (EOs) is one of them. EOs are a form of plant extract that is commonly used in cosmetics. EO is a complex mixture consisting of hundreds of different compounds with varying chemical compositions and amounts. They are an important part of the perfume and cosmetic industries, but their uses are no longer limited to fragrances. EOs contain antifungal, antibacterial, and antiviral properties, and most of them also have high antioxidant properties, which means they may scavenge free radicals and protect the skin from damage [10]. However, their constituents are volatile, and oxidation, heating, volatilization, or chemical interactions can affect sensory perception. By encapsulating the EOs, these chemical and physical impacts that can affect product quality can be successfully minimised.



The EOs we have used in the study are geranium essential oil (GEO) and calendula essential oil (CEO). GEO is a major floral component in cosmeceuticals and aromatherapy, with a lovely uplifting, calming, and flowery scent. It’s commonly used to heal wounds and has antiseptic, antifungal, and antibacterial characteristics [11,12,13]. It may also be used to kill acne-causing bacteria. GEO’s skin cleaning effect aids in the removal of toxins, grime, excess sebum, and dead cells from the pores of the skin. GEO’s anti-inflammatory and skin-soothing characteristics help to soothe skin rashes and relieve inflammatory skin disorders. It is said to have anti-oxidant properties. CEO is often used in cosmetic formulations for skin care since it helps with skin inflammation, cell renewal, smoothing and softening the skin, and wound healing and has a high antioxidant capacity [14,15]. GEO and CEO are high in antioxidants, and their ability to eliminate free radicals makes them valuable antioxidants in cosmetics. The goal of this study was to assess the photoprotective potential of GEO/CEO-encapsulated vesicular cream on biochemical markers in rat skin exposed to UVB radiation.




2. Material and Methods


Ascorbic acid, Bovine serum albumin, Folin-Ciocalteau reagent, n-Butanol, Pyridine, Pyrogallol, Thiourea, Trichloroacetic acid, and Tris buffer were purchased from CDH (P) LTD. New Delhi, India. Sigma-Aldrich in Bangalore, India, provided the hydroxyproline, and HiMedia Laboratories Pvt Ltd. in Mumbai, India, provided the thiobarbituric acid. All of the chemicals utilised were of the highest quality.



2.1. Ethics Declaration


The present investigation was conducted according to ethical principles and was approved by the Institutional Animal Ethical Committee, School of Pharmaceutical Sciences, IFTM University Moradabad, India (Registration No. 837/ac/04/CPCSEA).




2.2. Previous Findings


We previously reported that GEO and CEO have the ability to reduce or prevent oxidative stress and can be used in skincare regimens to slow skin aging due to their antioxidant properties [15]. GEO was extracted from the leaves of Pelargonium graveolens and CEO from Calendula officinalis flowers using a Clevenger apparatus. Gas Chromatography-Mass Spectrometry (GCMS) analysis of both the EOs reveals that citronellol and geraniol were the major chemical constituents present in GEO, and α-pinene, trans-β-ocimene, dihydrotagetone, cis-tagetone, neo-allo-ocimene, and 1,8 cineole were among the abundant chemical constituents found in CEO [15]. The main chemical constituents of GEO were oxygenated monoterpenes (citronellol and geraniol), which had previously been identified as powerful antioxidants [16,17]. According to certain studies, oxygenated monoterpenes are primarily responsible for the antioxidant capacity of plant-derived EOs [18,19]. Monoterpenes were the most prominent chemical components discovered in CEO and they have also been found to have antioxidant properties [20,21].



To evaluate the age-defying potential of GEO/CEO, two type of topical cream formulations were prepared: 1. Vesicular cream, i.e., cream containing GEO/CEO-encapsulated ethanolic lipid vesicles (ELVs); 2. Conventional cream or non-vesicular cream, i.e., cream loaded with free GEO/CEO. The antioxidant potential, ability to inhibit collagenase and elastase enzymes, and photoprotective properties of GEO/CEO vesicular cream were all validated by the research findings. ELVs were found to be capable of preserving the efficacy of EOs while also having the potential to distribute actives deeper into the skin. When compared, free essential oil-loaded non-vesicular creams and essential oil-encapsulated vesicular creams were able to provide an antioxidant defence mechanism with a high SPF to protect the skin. The combination of ELVs, cream content, and EO was found to have a protective impact in the battle against skin ageing [22].




2.3. Cream Formulations


Phase inversion technique [23] was used to prepare the cream formulations. To begin, oily components such as cetyl alcohol, stearic acid, coconut oil, olive oil, and span-60 were blended at 60 °C. Aloe vera gel and tween 60 were used in the aqueous phase. At 60 °C, the aqueous phase was mixed continuously with the oil phase. When the temperature of the mixture was dropped to 50 °C, phase inversion occurred, and the viscosity of the prepared emulsion was increased. To prepare ethanolic lipid vesicular cream, EO-loaded vesicles were added to the emulsion when the temperature went down to 30 °C. In the case of non-vesicular cream formulations, EO was added without encapsulation.



Table 1 shows the composition of various cream formulations [22], out of which GEO- and CEO-based optimized ethanolic lipid vesicular cream formulations, i.e., GC3 and CC3 and non-vesicular cream formulations i.e., GEO6 and CEO6, were selected in this work to study the photoprotective effect on biochemical parameters against UVB radiation-induced photoaging in rat skin.




2.4. Evaluation of Photoprotective Potential of Cream Formulation


Exposing human skin to UV radiation over long periods of time in order to cause photoaging is immoral. Researchers developed a model in which photoaging of skin is caused by repeatedly irradiating hairless animal skin (mouse) with low doses of UVB radiation, because the UV-induced alterations in the skin of the animals were identical to those seen in sun-exposed human skin [24]. Humans and hairless mice have been found to have similar action spectra and time courses when it comes to the acute impact of UV light [25]. According to photoaging research, UV-induced connective tissue damage in humans is largely analogous to that seen in animals (mice) [26]. Many investigations have been conducted since then using the animal photoaging paradigm.




2.5. Animals and Treatments


After gaining authorization from IAEC, the current investigation was carried out. In this investigation, albino rats (Wistar breed) weighing 175–250 gm were used. The animals were kept in polypropylene cages at a regulated temperature (25 ± 2 °C) with alternate light and dark conditions and relative humidity (60 ± 5%). Ad libitum access to standard food pellets and drinking water were provided. Hair was shaved from the back side of rats three days prior to the study, and a 5 cm2 area was marked. The skin was observed for any reaction or sensitivity. Five groups of animals (n = 6) were used to test the photoprotective efficacy of GEO/CEO-loaded cream formulations on oxidative stress indicators (Table 2).




2.6. Exposure to UVB Radiation


To induce photo stress on the rat skin surface, a UV lamp (Toshiba Electric, Tokyo, Japan) with a wavelength range of 280–320 nm was utilized. The spectral emission ranged from 280–320 nm. Using a UV-Radiometer (UVR-300, Topcon, Tokyo, Japan), the UVB irradiation intensity was set at 0.5 mW/cm2. According to the OECD-432 test guidelines, the time of UVB sun exposure was determined as follows [27]:


  T i m e     min   =   i r r a d i a t i o n   d o s e      J    cm  2        × 1000     i r r a d i a n c e       mW     cm  2        × 60    











The dose of 0.1 g/cm2 cream formulation was applied to the hairless back skin of animals in groups 3, 4, 5, 6, and 7, thirty minutes prior to UVB irradiation. In the present investigation, all the tested animal groups (except group 1) were subjected to a UVB radiation exposure dose of 5 J/cm2 for 30 days with an exposure time of 5 min every day. The distance between the UVB lamp and the rat’s back was 20 cm.




2.7. Tissue Preparation for Biochemical Study


After 30 days of study, rats were sacrificed by decapitation. Under aseptic conditions, the shaved dorsal skin samples were surgically dissected out. Collected skin tissue samples from all the groups were thoroughly washed with chilled physiological saline, diluted ten times with distilled water, and kept at −80 °C. One gram of frozen skin tissue samples from each group was weighed and minced on a glass plate over ice bags to form a colloid, which was then homogenized. For the investigation of biochemical parameters, the tissue homogenate was centrifuged (Microcentrifuge-Remi Co., Mumbai, India) at 8000 rpm for 10 min, and the supernatant liquid was collected and placed in deepfreeze at −80 °C in a deep freezer [28,29].




2.8. Evaluation of Biochemical Parameters


The following biochemical parameters were evaluated in the rat skin.



2.8.1. Estimation of Total Protein Content


Protein is an important building block of the skin. Lowry’s assay was performed to estimate total protein (TP) in skin tissue [30]. In water, various dilutions of bovine serum albumin (BSA) were prepared. A total of 2 mL alkaline copper sulphate reagent was added to 0.2 mL of each dilution, stirred, and incubated at room temperature for 10 min. Then, 0.2 mL of Folin-Ciocalteau reagent was added to each test tube and incubated again for 30 min. After incubation, the absorbance of the blue–purple colour solution was measured at 660 nm against blank solution. A standard calibration curve was created by plotting absorbance against concentration. The absorbance of the test sample was likewise measured in the same way, and the concentration of protein in the sample was calculated using the standard curve plotted above.




2.8.2. Estimation of Ascorbic Acid Content


A total of 0.5 mL ice cold 10% trichloroacetic acid (TCA) was added to 0.5 mL tissue homogenate, mixed completely, and centrifuged for 20 min at 3500 rpm. Supernatant (0.5 mL) was combined with 0.1 mL DTC reagent (2,4-dinitrophenyl hydrazinethiourea-CuSO4 reagent) and incubated for 3 h (37 °C). Then, 0.75 mL of ice cold H2SO4 (65%) was added and left to rest for 30 min at room temperature. In a UV-visible spectrophotometer, the generated yellow colour was measured at 520 nm [31].




2.8.3. Estimation of Hydroxyproline Content


A total of 1.0 mL each of tissue homogenate (sample), double distilled water (blank), and standard solution of hydroxyproline (HyP) was taken in test tubes, separately. After that, freshly prepared 1.0 mL copper sulphate solution (0.01 M), 1.0 mL sodium hydroxide (2.5 N), and 1.0 mL hydrogen peroxide (6%) was added in each test tube and thoroughly mixed before being heated for 5 min in a water bath at 80 °C. The tubes were then chilled, and 4.0 mL of 3 N sulphuric acid was added to each with stirring. After that, 2.0 mL of Ehrlich reagent was added to each test tube, and the solution was heated for 15 min at 70 °C in a water bath. The UV-visible spectrophotometer was used to measure the absorbance at 540 nm [32,33].




2.8.4. Estimation of Malondialdehyde (Lipid Peroxidation Assay)


A total of 0.2 mL sodium lauryl sulphate (8.1%) and 1.5 mL acetic acid solution (20%, pH 3.5) were added to 0.2 mL tissue homogenate and centrifuged at 4000 rpm for 5 min. To the supernatant, 1.5 mL thiobarbituric acid (0.8%) and 1 mL distilled water were added and incubated for 1 h at 90 °C. After cooling with tap water, 1.0 mL distilled water and 5.0 mL n-butanol and pyridine mixture (15:1 v/v) were added and again centrifuged for 10 min at 4000 rpm. In a UV-visible spectrophotometer, the absorbance of the organic layer (upper layer) was measured at 532 nm. For the control solution, 1.5 mL distilled water was used in place of thiobarbituric acid.




2.8.5. Estimation of Superoxide Dismutase (SOD)


In a reaction mixture containing 300 µL tissue homogenate, 4.5 mL Tris–HCl buffer (100 nM, pH 8.2), and 4.2 mL distilled water, the oxidation rate of pyrogallol was monitored at 420 nm. After a 10 min incubation period at 25 °C, 0.3 mL of pyrogallol (3 mM) was added immediately for self-oxidation in 10 mM HCl [34,35].




2.8.6. Estimation of Catalase


First, 1.9 mL phosphate buffer (50 mM, pH 7.0) and 0.4 mL distilled water was added to 100 µL of tissue homogenate. A further 1 mL H2O2 solution (30 mM, freshly prepared) was added to the above mixture. In the control, the H2O2 solution was left out. The solution mixture was incubated at 37 °C for 1 min and then dichromate-acetic acid reagent (2.0 mL, 5% potassium dichromate and glacial acetic acid in 1:3 ratio) was added to stop the reaction. The samples were placed in a boiling water bath for 15 min, then cooled, and the absorbance was measured in a UV-visible spectrophotometer at 570 nm against a control [36,37,38].





2.9. Histopathology of Skin Tissue


Skin tissue samples from all groups were fixed in 10% chilled neutral formalin (freshly produced) for 12 h at 40 °C for histopathological examinations. The skin tissue samples were then washed thoroughly with double distilled water and dehydrated in a graded alcohol series before being cleared in xylene and embedded in paraffin wax to make tissue blocks. The tissue blocks were labelled with the appropriate information. The tissue was cut into 5 μm cross-sections using a rotator microtome. The ultra-structural dermal and epidermal transformations were detected using an inverted microscope after staining the tissue with hematoxylin and eosin stains [39,40].




2.10. Statistical Analysis


All the values are expressed as the mean ± S.E. The statistical analysis was conducted using MaxStat Statistical Analysis Software (MaxStat Software, Jever-OT Cleverns, Germany). Differences with values of p < 0.01 were deemed significant.





3. Results and Discussion


The estimation of biochemical parameters and histological studies are the in-vivo parameters for the validation of photo-protective action of prepared cream formulations. The effect of UVB radiation and the photo-protective action of developed cream formulations on biochemical parameters and histological investigations of skin tissues were investigated in this study.



3.1. Estimation of Biochemical Parameters


The results of several biochemical parameters of rat skin is discussed below.



3.1.1. Total Protein Estimation


Every cell needs protein to maintain its life. Our body uses protein to repair or maintain skin tissues and also for the construction of new tissue [41]. The TP level in group-1 (no treatment) was found to be 690.02 ± 0.36 µg/mL. The diminished level was found (224.73 ± 0.12 µg/mL) in group 2, which were exposed to UVB radiation only. A decrease in TP showed that the skin tissue was vulnerable to UVB-induced oxidation of protein content. The increase in TP level in group 3, which were treated with base cream, was not very significant. The TP content in groups 4 and 5 was found to be 650.95 ± 0.32 µg/mL and 684.30 ± 0.48 µg/mL, which is high in comparison to group 2, which was irradiated with UVB radiation only (Table 3). The TP content in groups treated with non-vesicular creams—group 6 (494.02 ± 0.20 µg/mL) and group 7 (528.89 ± 0.22 µg/mL)—was not significant in comparison to the groups treated with GEO/CEO-loaded vesicular cream formulations.




3.1.2. Estimation of Ascorbic Acid


AA is one of the primary protectants of the skin and serves as the major nonenzymic antioxidant in human tissue [42]. Because it does not absorb UVA or UVB rays, it is not a sunscreen, but it has a strong antioxidant activity that protects the skin against UV-induced damage caused by ROS (generated as singlet oxygen, superoxide ion, peroxide) [43]. AA neutralizes free radicals by the consecutive donation of electrons and protects the skin from oxidative stress. However, the oxidized forms of AA are relatively unreactive.



In the present study, the AA level in group 1 (controlled group) was found to be 6.315 ± 0.157 mg/100 mL, and a significantly decreased AA level (2.358 ± 0.149 mg/100 mL) was observed in group 2, which was irradiated to UVB radiation only without any treatment. In group 3 (base cream), the AA content was slightly high (3.570 ± 0.123 mg/100 mL) in comparison to group 2. Significantly higher levels of AA were found in group 3 (5.590 ± 0.088 mg/100 mL) and group 4 (5.940 ± 0.053 mg/100 mL), both of which were pre-treated with vesicular cream GC3 and CC3, respectively. The AA level was found to be low in groups treated with non-vesicular cream formulations (groups 6 and 7), in comparison to the vesicular creams-treated group. In this investigation, it was found that UVB irradiation causes significant (p < 0.01) depletion in AA levels when compared with control group 1 (Table 3). It has been reported that the level of AA in skin tissues diminished during injury caused by UV radiation [44]. The highest level of AA in animal groups treated with GEO/CEO-encapsulated vesicular cream formulations (group 4 & 5) state that cream formulations protect the skin against UVB-induced skin damage.




3.1.3. Estimation of Hydroxyproline


HyP is a critical component of collagen synthesis, and it also inhibits the enzymes that cause collagen and elastin degradation, which is connected to skin aging, therefore minimising the indications of skin aging. The defect in collagen synthesis due to deficient HyP level leads to the breakdown of skin connective tissue, which causes sagging and wrinkles.



The HyP concentration was found (Table 3) to be 4.08 ± 0.224 mg/gm in group 1 (controlled group). In group 2 (UVB-treated), the concentration of HyP was significantly reduced to 1.25 ± 0.048 mg/gm. The concentration of HyP was found to be significantly high, i.e., 3.02 ± 0.122 mg/gm and 3.97 ± 0.179 mg/gm in groups 4 and 5, which were pre-treated with GEO- and CEO-encapsulated vesicular cream formulations, respectively. HyP concentration was found to be 2.49 ± 0.139 mg/gm and 2.84 ± 0.023 mg/gm in groups 6 and 7, which were treated with free GEO- and CEO-loaded non-vesicular cream formulations before UVB exposure, respectively.



The lower concentration of HyP in group 2 (UVB-treated) indicates that UVB exposure causes degradation of HyP, resulting in low collagen levels in the skin. The findings revealed that, when compared to vesicular cream formulations, non-vesicular cream formulations were not as effective in maintaining the HyP content of UVB exposure. The higher concentration of HyP in groups 4 and 5 indicates that HyP content was maintained even after exposure to UVB radiation. This confirms the efficacy of GEO/CEO-encapsulated vesicular cream formulations.




3.1.4. Estimation of Malondialdehyde (Lipid Peroxidation Assay)


Lipids are the key element of the skin and are found in the cell membrane and lipid bilayers of the stratum corneum [45]. Oxidative degradation of lipids is called lipid peroxidation. In this process, free radicals target lipids with carbon–carbon double bonds (particularly polyunsaturated fatty acids) that involve oxygen insertion in carbon with the abstraction of hydrogen, resulting in hydroperoxide and lipid peroxyl radicals, which cause destruction to the skin. Lipid peroxidation of the skin lipids leads to cell membrane damage and disturbs the barrier function of the skin [46]. Malondialdehyde (MDA) is a lipid peroxidation end product that is used as a marker to determine the degree of lipid peroxidation [47,48]. The presence of higher levels of MDA in skin tissues suggests increased lipid peroxidation, which promotes tissue damage and results in the breakdown of antioxidant defence mechanisms that prevent excessive free radical production.



For the control group (group 1), the value of MDA was 0.282 ± 0.14 nmoles/mg Protein. In group 2, after UVB radiation, the MDA level was increased to 0.961 ± 0.28 nmoles/mg Protein. In the group treated with base cream before UVB irradiation (group 3), the MDA level became 0.704 ± 0.03 nmoles/mg Protein. In the group treated with GEO- loaded vesicular cream (GC3) before UVB irradiation (group 4), the MDA level became 0.407 ± 0.08 nmoles/mg Protein. The MDA level was found to be 0.310 ± 0.15 nmoles/mg Protein in group 5, which was treated with CC3 (CEO loaded vesicular cream) before UVB irradiation. The increment of MDA level in groups 6 and 7, which were treated with free EO-loaded (non-vesicular) creams, was high in comparison to vesicular cream formulations. In the present investigation, a higher MDA level was observed in group 2, irradiated with UVB radiation without any treatment. The decreased level of MDA in group 4 and group 5, which was treated with GEO- and CEO-loaded vesicular cream, respectively, before UVB irradiation, indicates the protective effects of EO-loaded vesicular cream formulations against lipid peroxidation-induced skin tissue damage (Table 3).




3.1.5. Estimation of Superoxide Dismutase (SOD)


The accumulation of oxidative damage is one of the most important factors in skin aging. SOD is a naturally occurring anti-aging enzyme that plays an important function in the antioxidant defence of the body against oxidative stress. SOD is an antioxidant that catalyses the conversion of superoxide to oxygen and hydrogen peroxide in the body [49]. Studies have shown that faster aging and different age-related signs are associated with decreased concentration of SOD [50].



The level of SOD in the controlled group (group 1) was found to be 1.51 ± 0.003 U/mg protein. In group 2, which was irradiated with UVB only, the SOD level was significantly reduced (p < 0.01) to 0.662 ± 0.01 U/mg protein, in comparison to group 1. This clearly shows the repercussion of oxidative stress due to UV Radiation. In group 3, which was treated with base cream before UVB irradiation, the SOD level was found to be 0.947 ± 0.01 U/mg protein. In group 4, which was pre-treated with GEO-based vesicular cream (GC3), the SOD level was significantly enhanced to 1.42 ± 0.44 U/mg protein, and in group 5, which was pre-treated with CEO-based vesicular cream (CC3), the SOD level was significantly enhanced to be 1.28 ± 0.04 U/mg protein, in comparison to group 2. The SOD level was found to be lower in groups treated with free EO-loaded non-vesicular cream formulations (Table 3).




3.1.6. Estimation of Catalase


Catalase is an antioxidant enzyme that aids in the reduction of oxidative stress by removing cellular hydrogen peroxide and generating water and oxygen. Skin ageing is hypothesised to be associated with catalase deficiency or dysfunction [51]. In this investigation, the level of catalase in the controlled group (group 1) was found to be 37.07 ± 0.52 µmole/min/mg, and significantly dropped to 18.72 ± 0.24 µmole/min/mg in group 2, which was irradiated with UVB radiation only. It was observed that the catalase level was increased to 22.08 ± 0.18 µmole/min/mg in group 3, which was treated with base cream before UVB irradiation. A significantly high level of catalase was found in group 4 (33.22 ± 0.40 µmole/min/mg) and group 5 (31.28 ± 0.45 µmole/min/mg), which were pre-treated with vesicular cream GC3 and CC3, respectively (Table 3). No significant difference was observed in groups 6 and 7, which were pre-treated with non-vesicular cream formulations, in comparison to group 3.





3.2. Histopathology of Skin Tissue


Aging of the skin has a specific importance in humans since our appearance has become an importance aspect in our social lives. Understanding the reasons or causes behind skin aging, as well as how to address and perhaps reverse it, requires knowledge of the morphologic changes that occur as a result of the aging process of the skin. The histopathologic changes of the skin tissue in exposed and non-exposed skin needs to be examined in order to observe the effect of oxidative stress due to UV radiation. To study this, the rat skin slides were prepared and the changes in various cellular structures along with the change in epidermis and dermis of the skin were studied.



Figure 1(1a) shows the histopathological changes of group 1 (controlled). The cellular structures were readily evident in this skin section, which had an intact epidermis and dermis outer layer. At higher magnification [Figure 1(1b)], comparatively normal epidermis (dark line), stratum corneum (arrow), and healthy dermis (asterisk) can be seen. The dermis revealed the presence of collagen and elastin-rich dense irregular connective tissue. In the skin section of group 2 (only UVB-irradiated) [Figure 1(2a,b)], moderate epidermal thickness, termed as ‘hyperkeratosis’, was observed. UVB exposure leads to increased keratinocytes cell division which ultimately increases the epidermal thickness. The destruction of connective tissue integrity, congested blood vessels, and loss of hair follicles were clearly seen. This could be due to the formation of free radicals as a result of UVB exposure, which causes skin deterioration. Higher magnification of the skin section clearly shows the epidermal erosion and loss of stratum corneum. In histopathological section of group 3 [Figure 1(3)], slight changes in epidermal structure were observed with mild hyperkeratosis and increase in hair shaft. Destruction of the integrity of the connective tissues was also observed. In the skin sections of group 4 [Figure 1(4)] and group 5 [Figure 1(5)], which were treated with EO-loaded vesicular creams, GC3 and CC3 respectively, significant reduction of damaging effects was observed, in comparison to group 2. The outer layer of epidermis and the inner dermis were both intact. The integrity of connective tissues was maintained in these skin sections. Increase in hair follicles and hair shaft was observed, which had disappeared in group 2. In the skin section treated with free EO-loaded non-vesicular cream formulations of GEO6 and CEO6 (groups 6 and 7, respectively), loosened connective tissues and mild infiltration of inflammatory cells was observed [Figure 1(6,7)], in comparison to group-2, where less harm was observed.



Overall, it could be concluded that minimum damage was observed in the skin sections of groups 4 and 5 due to the prior application of EO-loaded vesicular creams. Better photoprotective effect was obtained in CEO-loaded vesicular cream (CC3) in comparison to GEO-loaded vesicular cream (GC3). It was confirmed by the results that the photoprotective potential of EO(s) enhanced significantly by incorporation into the vesicles, as they permeate deeper into the skin layers.





4. Conclusions


Extrinsic skin aging can be slowed by using cosmetic formulas that have been professionally developed and tested. Cutaneous aging symptoms such as dull and rough skin, wrinkles, and dark spots are associated with prolonged sun exposure. The greater knowledge of the negative consequences of prolonged sun exposure has resulted in increased demand for sunscreen and antiaging cosmetics. In the present research, the photoprotective potential of GEO/CEO-encapsulated vesicular cream on biochemical parameters against UVB radiation induced damage in rat skin was studied. In comparison to free EO-loaded non-vesicular creams, results demonstrated that pre-treatment with GEO/CEO-encapsulated vesicular cream formulations effectively reversed the negative biochemical changes and were able to protect the skin from the damaging effects of UVB radiation. The age-defying potential of GEO and CEO, as well as their photoprotective benefits, were validated by the findings of the study.
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Figure 1. Histopathology of skin sections of all groups; (1(a,b)) Skin section of group 1 (Neither irradiated nor treated with test formulation) [in 1b ― line represents epidermis, arrow represents stratum corneum, asterisk represents healthy dermis]; (2(a,b)) Skin section of group 2 (UVB-irradiated); [― in 2b represents epidermis, arrow represents stratum corneum, asterisk represents healthy dermis]; (3) Skin section of Group 3 (pre-treated with Base cream + UVB-irradiated); (4) Skin section of group 4 (pretreated with GC3 formulation + UVB-irradiated); (5) Skin section of group 5 (pretreated with CC3 Formulation + UVB-irradiated); (6) Skin section of group 6 (pretreated with GEO6 Formulation + UVB-irradiated); (7) Skin section of group 7 (pretreated with GEO6 Formulation + UVB-irradiated). 
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Table 1. Composition of various cream formulations, i.e., base cream; vesicular cream (GEO loaded: GC1, GC2, and GC3 and CEO loaded: CC1, CC2, and CC3); non-vesicular cream GEO6 and CEO6 for GEO and CEO, respectively [22].
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	Ingredients (% w/w)
	Base Cream
	GC1
	GC2
	GC3 *
	GEO6 *
	CC1
	CC2
	CC3 *
	CEO6 *





	Bees wax
	8
	8
	8
	8
	8
	8
	8
	8
	8



	Stearic acid
	4
	4
	4
	4
	4
	4
	4
	4
	4



	Cetyl alcohol
	3
	3
	3
	3
	3
	3
	3
	3
	3



	Olive oil
	12
	12
	12
	12
	12
	12
	12
	12
	12



	Coconut oil
	16
	16
	16
	16
	16
	16
	16
	16
	16



	Span 60
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4



	Tween 60
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5



	Aloe vera gel
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.



	GEO loaded in vesicles
	----
	2
	4
	6
	---
	---
	---
	---
	---



	CEO loaded in vesicles
	---
	---
	---
	---
	---
	2
	4
	6
	---



	Free GEO
	---
	---
	---
	---
	6
	---
	---
	---
	---



	Free CEO
	---
	---
	---
	---
	---
	---
	---
	---
	6







* Optimized cream formulations selected for the present research work.
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Table 2. Grouping of Animals.
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	Groups
	Treatment





	Group 1
	Neither irradiated nor treated with test formulation

(maintained at similar conditions and diet)



	Group 2
	UVB irradiated group



	Group 3
	Pretreated with Base cream + UVB irradiated



	Group 4
	Pretreated with GC3 formulation + UVB irradiated



	Group 5
	Pretreated with CC3 Formulation + UVB irradiated



	Group 6
	Pretreated with GEO6 Formulation + UVB irradiated



	Group 7
	Pretreated with CEO6 Formulation + UVB irradiated
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Table 3. Effect of UVB radiation and cream formulations on Total Protein (TP), Ascorbic Acid (AA), Hydroxyproline (HyP), Malondialdehyde, Catalase and SOD levels in rat skin.
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	Group
	Treatment
	TP

(µg/mL)
	AA (mg/100mL)
	HyP (mg/gm)
	MDA

(nmoles/mg Protein)
	Catalase

(µmole/min/mg)
	SOD

(U/mg Protein)





	1
	Control Group
	690.02 ± 0.36
	6.315 ± 0.157
	4.08 ± 0.224
	0.282 ± 0.14
	37.07 ± 0.52
	1.51 ± 0.003



	2
	UVB irradiated group
	224.73 ± 0.12
	2.358 ± 0.149
	1.25 ± 0.048
	0.961 ± 0.28
	18.72 ± 0.24
	0.662 ± 0.01



	3
	Pretreated with

base cream +

UVB irradiated
	371.40 ± 0.26
	3.570 ± 0.123
	2.18 ± 0.137
	0.704 ± 0.03
	22.08 ± 0.18
	0.947 ± 0.01



	4
	Pretreated with

GC3 cream +

UVB irradiated
	650.95 ± 0.32
	5.590 ± 0.088
	3.02 ± 0.122
	0.407 ± 0.08
	33.22 ± 0.40
	1.42 ± 0.44



	5
	Pretreated with

CC3 cream +

UVB irradiated
	684.30 ± 0.48
	5.940 ± 0.053
	3.97 ± 0.179
	0.310 ± 0.15
	31.28 ± 0.45
	1.28 ± 0.04



	6
	Pretreated with

GEO6 cream +

UVB irradiated
	494.02 ± 0.20
	4.590 ± 0.226
	2.49 ± 0.139
	0.615 ± 0.20
	28.20 ± 0.28
	1.16 ± 0.03



	7
	Pretreated with

CEO6 cream +

UVB irradiated
	528.89 ± 0.22
	3.820 ± 0.060
	2.84 ± 0.023
	0.564 ± 0.24
	25.12 ± 0.20
	0.985 ± 0.01







Values are in Mean ± SEM of n = 3.
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