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Abstract 

Cosmeceuticals are rapidly growing domain of natural skin care industry. They have 

natural constituents possessing medicinal properties when applied topically, intended to 

provide beneficial protective effects to the degenerative skin. The current study was 

aimed to develop a stabilized carrier system in the form of topical emulgel loaded with 

Mimosa pudica and Psoralea corylifolia extracts. Their possible skin effects were 

quantified using non-invasive biophysical techniques after ensuring their 

cytocompatibility and hypo-allergenicity. After extraction and fractionation with suitable 

solvents, the plant extract was evaluated for their polyphenolic content using chemical 

and HPLC assays. Afterward, the most suitable fraction was employed to develop a stable 

emulgel system after checking its cellular compatibility by MTT assay using normal 

human keratinocytes (HaCat). Then developed emulgels were characterized by various 

in-vitro parameters i.e. pH change, electrical conductivity, centrifugation, microscopic 

and rheological investigation at different storage conditions of temperature and humidity, 

and sensory evaluation. Depending upon results of these in-vitro characters, the optimized 

formulation for each plant was subjected to non-invasive in-vivo investigations to assess 

various skin parameters like erythema, melanin, hydration, elasticity and sebum level 

employing human volunteers. Moreover, surface evaluation for living skin (SELS) 

parameters such as skin smoothness, skin roughness, skin scaliness, and skin wrinkles 

were also evaluated. The results were analyzed using various statistical techniques like 

ANOVA and pair sample t-test. Results showed that a stable emulgel system loaded with 

Mimosa pudica and Psoralea corylifolia extracts had significant beneficial effects on skin 

when compared with placebo. Furthermore, it increased skin smoothness while 

decreasing its roughness, scaliness, and wrinkles. 

From the present study, it is concluded that Mimosa pudica and Psoralea corylifolia 

extract loaded stable emulgel is possible to develop that could be a great strategy to deal 

with various degenerative skin conditions and improve its integrity. 

Key words:  Cosmeceuticals, Mimosa pudica, Psoralea corylifolia, HPLC, emulgel, 

MTT, HaCat, non-invasive, erythema, melanin, elasticity, hydration, sebum, SELS, 

smoothness, roughness, scaliness and wrinkles 
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1. INTRODUCTION  
The use of natural products like plants, animal and minerals as therapeutic agents is as old 

as human civilization (Rates, 2001). Still today, millions of people around the world 

consume natural and plant-based medicinal agents for a variety of health-related 

problems. The socio-economic status of rural parts of developing countries contributes to 

the usage of these plant-based medicinal agents. This has led to an increase in the search 

of plants with profound medicinal properties used by the local communities (Namukobe 

et al., 2011). The main beneficial aspects of using plant-derived medicinal agents are they 

are much safer than their synthetic or semi-synthetic alternatives and are easily available 

(Teklehaymanot and Giday, 2007).  

Despite having no legal value, óCosmeceuticalô is commonly used for cosmetic 

preparations possessing constituents promoting drug-like benefits. Thus, a cosmeceutical 

is a product which holds active ingredient with medicinal properties and manifests 

beneficial actions against degenerative skin conditions. They improve appearance, 

texture, and tone of the skin by giving necessary nutrients, thus, minimizing the signs of 

skin aging (Ribeiro et al., 2015).  Phytotherapy is about the use of plant-derived natural 

medicinal products and active principles from plants such as polyphenols, flavonoids, 

alkaloids, glycosides, terpenoids, steroids, and tannins etc. have gained much attention in 

recent years. They possess diversified medicinal properties such as antioxidant, 

anticancer, antibacterial, antifungal, hepatoprotective, neuro-regeneration and antiaging 

names to few (Arokiyaraj et al., 2012).  

Mimosa pudica is a Chinese herb and ornamental plant. Among other names, it is known 

as sleeping grass, touch me not, sensitive plant, shy plant, sleeping grass, Chui-mui. Its 

seismonastic and thigmonastic properties (closure of leaves in response to certain stimuli 

like touch, vibration, wind, light, cold and heat) contribute to its ornamental usage 

(Genest et al., 2008). Phytochemical investigations of the plant showed the presence of 

alkaloids, C-glycosides, flavonoids, tannins, non-protein amino acids like mimosine, 

sterols, terpenoids and fatty acids (Jose et al., 2016). It has been widely used for treating 

insomnia, neurasthenia, pulmonary tuberculosis and traumatic injury in traditional 

Chinese medicine (Yuan et al., 2007).  

Psoralen corylifolia owes its name from Greek word psoraleos, meaning affected with 

itching or leprosy. Psoralea species are indigenous to America (Maisch, 1889) but 

Psoralea corylifolia is widely distributed throughout the Himalayan regions of Pakistan, 

India, and China (Wang et al., 2009). Phytochemical investigations have revealed that the 
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plant is rich in a variety of bioactive phytoconstituents like flavonoids, flavones, 

monoterpenes, coumarins, chalcones, resins, lipids and stigmasteroids (Zhang et al., 

2016). The plant has a very promising role in treating skin conditions like Psoriasis, 

Leukoderma, Vitiligo, Eczema, and itching. Moreover, it has been used as anti-oxidant, 

antimalarial, anti-microbial, antiprotozoal, antidiabetic and in osteoporosis (Li  et al., 

2016).  

1.1. The objective of the Study 

The study had the following main objectives: 

¶ Study of natural ingredients on human skin 

¶ To prepare and characterize the extracts of Mimosa pudica and Psoralea 

corylifolia 

¶ To quantify total phenolic and total flavonoid content 

¶ To evaluate antioxidant and tyrosinase inhibition activities 

¶ To evaluate the presence of polyphenols in extracts by HPLC 

¶ To develop a stable carrier system in the form of emulgel loaded with these 

extracts 

¶ To evaluate topical emulgel formulations on the basis of pH, electrical 

conductivity, microscopic and rheological analysis of different storage conditions 

for a period of three months 

¶ To do a sensory evaluation of the developed formulations 

¶ To conduct a non-invasive in-vivo evaluation of stable emulgel on human skin to 

study different skin parameters in comparison with placebo for a period of three 

months 

¶ To study surface evaluation of living skin (SELS) in comparison with placebo for 

a period of three months 
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2. LITERATURE REVIEW  

2.1. Mimosa pudica 

Mimosa pudica is a Chinese herb and ornamental plant. Among other names, it is known 

as sleeping grass, touch me not, sensitive plant, shy plant, sleeping grass, Chui-mui. Its 

seismonastic and thigmonastic properties (closure of leaves in response to certain stimuli 

like touch, vibration, wind, light, cold and heat) contribute to its ornamental usage 

(Genest et al., 2008). The plant is indigenous to Brazil but found throughout the world. It 

is annual shrub having the erect stem in the young plant but becomes creepy with age. Its 

height ranges from 1-2 m. Leaves are compound comprises of 1-2 pinnae with 15-25 

leaflets in each pinna. Petioles are red in color with pink filaments. Fruits have 2-8 pods 

that are 1-1.5cm long and 3mm wide. Each fruit pod has 2-5 segments with embedded 

(2.5mm long) brown colored seeds (Muhammad et al., 2016).  

 It has been widely used for treating insomnia, neurasthenia, pulmonary tuberculosis and 

traumatic injury in traditional Chinese medicine (Yuan et al., 2007). Phytochemical 

investigations of the plant showed the presence of alkaloids, C-glycosides, flavonoids, 

tannins, non-protein amino acids like mimosine, sterols, terpenoids and fatty acids (Jose 

et al., 2016). The leaves of the plant contain adrenaline-like substance. Roots contain 

crocetin, ascorbic acid, D-glucuronic acid, palmitic acid, linoleic acid, D-xylose, 

mimosine, and ɓ-sitosterols. Aqueous root extract possesses anti-venom properties and 

has been used to neutralize the lethality and myotoxicity of cobra venom (Mahanta and 

Mukherjee, 2001). 

The plant is also useful for leukoderma, inflammation, ulcers, smallpox, burning 

sensations, strangury, dysentery, vaginopathy, spasmodic conditions, and fevers. Leaves 

are very sensitive to touch and both the pinnae and leaflets show movements when 

touched. Preliminary analysis showed the presence of alkaloids, flavonoids, phenols, 

glycosides, terpenoids, tannins, quinines, coumarins and saponins in the leaves (Rekha 

and Sundararajan, 2010). They are bitter in taste and are diaphoretic hence very useful in 

conditions like hemorrhoids, hemorrhages, hydrocele, conjunctivitis, cuts and wound 

management (Ahmed et al., 2014). The roots of the plant contain alkaloids, flavonoids, 

phytosterols, amino acids, glycosides, tannins and fatty acids (Pande and Pathak, 2010).  
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In folk medicine, various parts of  Mimosa pudica has been used for a variety of ailments 

like diarrhea, dysentery, fever, small pox, leukoderma, asthma, jaundice, ulcers, fistula, 

hemorrhoids, wounds and scorpion and snake bite.  The plant has 4 lobed, ovate and 

oblong, pale pink and purple flowers (Ahmad et al., 2012).  

There are 2-8 pods of 1-2cm length are found in each fruit. Each pod breaks into 2-5 

segments that contain 2.5mm long, brown colored seeds. There is cross-pollination that 

occurs through wind and insects. Seeds are oval and elliptic with 0.3cm length and 2.5 

mm broad (Kashmira et al., 2011).    

2.2. Psoralea corylifolia 

Psoralea corylifolia owes its name from Greek word psoraleos, meaning affected with 

itching or leprosy. Psoralea species are indigenous to America (Maisch, 1889) but 

Psoralea corylifolia is widely distributed throughout the Himalayan regions of Pakistan, 

India, and China (Wang et al., 2009). The plant is an erect herb that grows as tall as 

180cm. It can withstand with every soil type and in acidic, basic as well as the neutral 

environment. But it requires warm locations and doesnôt grow in shady areas (Alam et al., 

2018). 

The fruit is perennial with no odor and has an unpleasant, acrid and bitter taste. The plant 

bears re clover shaped purple colored flowers with blue tints. There are ovoid shaped 

pods are smaller in size (3.5-4.5mm) having dark chocolate color. Each pod contains 

single hairless seed with a smooth surface. Seeds are compressed, pitted and dark in color 

(Krishnamurthi, 1969). 

In Chinese medicine system, the plant is thought to be warm, hence used for kidney and 

spleen disorders. Despite this, the seeds of the plant are used as a diuretic, laxative, 

anthelmintic, aphrodisiac and febrile conditions. The paste of the seeds has been used 

externally for psoriasis, eczema, leukoderma, alopecia, and inflammation (Alam et al., 

2018, Huang, 1998). In Ayurveda, various formulations of seeds of this plant have been 

used for various skin disorders like scabies, ringworm, leukodermic lesions, dermatosis, 

bilious disorders and in scorpion snake bite. The plant has antiasthmatic and cardiac 

effects (Deshaprabhu, 1966, Khan et al., 2015, Sharma et al., 2000). 
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Phytochemical investigations have revealed that the plant is rich in a variety of bioactive 

phytoconstituents like flavonoids, flavones, monoterpenes, coumarins, chalcones, resins, 

lipids and stigmasteroids (Zhang et al., 2016).  

Roots are very effective for dental diseases such as dental caries. Fruits of Psoralea 

corylifolia are aphrodisiac and has been used to treat decreased libido (Baquar, 1989).  

The whole plant contains Psorlen, Isopsoralen, Neopsoralen, Psoralidin, Corylifolin and 

Corylin (Gupta et al., 2013). The plant has very promising role in treating skin conditions 

like Psoriasis, Leukoderma, Viti ligo, Eczema and itching (Beena et al., 2010), 

Antibacterial including MRSA (Wang et al., 2013), Antiprotozoal (Ling et al., 2013), 

Anti-Alzheimer (Chen et al., 2013), Antioxidant, Antidiabetic (Behloul and Wu, 2013, 

Wang et al., 2013) and in Osteoporosis (Weng et al., 2015).  

The leaves of Psoralea corylifolia are broad and elliptic with marginal dents. There are 

also white hairs on lower and upper surfaces of the leaves (Krishnamurthi, 1969). They 

reportedly have antioxidant potential (Shinde et al., 2010). 

Bioactive compounds contained in fruits of Psoralea corylifolia are similar as investigated 

in seeds. Despite these compounds, some isoflavonoids are also present in fruits like 

Genistein and Daidzein (Sehrawat et al., 2014). Fruits of Psoralea corylifolia are reported 

to have antibacterial (Lee et al., 2015) and Anti-Alzheimer activity (Somani et al., 2015). 

Roots of Psoralea corylifolia are also investigated for bioactive compounds and found to 

possess Psoralnen and Isopsoralen which are responsible for their biological activities 

such as antibacterial (Siva et al., 2015). 

Most of the bioactive compounds of medicinal interest are present in seeds so the seeds of 

Psoralea corylifolia have been of the main focus. There is a variety of diverse bioactive 

compounds such as  Psorlen, Isopsoralen, Bakuchiol, Bakuchicin, Bavachin, Isobavachin, 

Bavachinin, Bavachlcone, Isobavachalcone, Neobavachalcone, Corylifol A, B, C, D, E, 

Corylifolin, Corylifolinin, and others (Zhang et al., 2016). As said earlier, seeds of 

Psoralea corylifolia has been extensively used as medicinal agent in Chinese as well as 

Ayurvedic systems of medicine.  Some of its biological activities are reported as 

Antibacterial (Khatune et al., 2004, Yin et al., 2004), Antiviral (Kim et al., 2014), 

Antifungal (Hosamani et al., 2012, Lau et al., 2014), Anticancer and apoptotic (Limper et 

al., 2013), Protective (Kim et al., 2013, Park et al., 2005), in Osteoporosis (Liu et al., 
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2014), Anti-depressant (Farahani et al., 2015), Antidiabetic  (Ghosh et al., 2009, Wang et 

al., 2013), Neuroprotective (Im et al., 2014). 

2.3. The Skin 

Skin is the outermost covering and largest organ of the human body making up 15% of 

total body weight with an estimated surface area of 1.5 to 2.0 m
2
. The main function of 

the skin is to act as a barrier, giving protection to the internal organs of the body. Apart 

from this, it also many other functions such as excretion, prevention of water loss and 

thermoregulation, sensation, and vitamin D synthesis etc. Although the thickness of skin 

is not uniform and it is site-specific, such as hidden parts has thinner skin than exposed 

ones, its average thickness is between 2-3mm (Kusuma et al., 2010). 

There are three distinct layers which constitute the skin namely; Epidermis, Dermis, and 

Hypodermis. 

2.3.1. Epidermis 

The epidermis is the outermost layer of the skin. On average it is 0.2mm thick. 

Structurally, it is stratified squamous epithelial cell layer, mainly composed of 

keratinocytes and dendritic cells. Keratinocytes being primary cell type constitutes bulk 

(95%) of the epidermis. The epidermis is continuously replacing and renewing itself. 

Keratinocytes proliferate in lower layers, undergo keratinization and migrate to the 

surface of the skin where they form a superficial layer of dead cells. These dead cells 

continuously shed off the skin. This whole procedure from cell division to shedding off is 

called turnover time and approximately it takes 40-56 days. The major function of 

keratinocytes is to act as a barrier against water loss, UV irradiation and invading 

pathogens like viruses, bacteria, parasites and fungi (Menon, 2015, Yagi and Yonei, 

2018). 

In addition to these, epidermis also contains other cells such as Merkel cells, Langerhans 

cells, and Melanocytes. The Merkel cells are regarded as a propagation of the nervous 

system and involved in sensation. They are oval-shaped cells present in the basal layer of 

the epidermis where they are linked with nerve endings to feel touch sensation. They are 

densely present in finger tips, lips, digits and oral cavity (Maceo, 2011). 
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Langerhans cells are derived from bone marrow and present in all layers of the epidermis. 

They are also called dendritic cells owing to their shape when they move. They are 

involved in immunity via phagocytosis of any invading foreign material or pathogen like 

bacteria. After phagocytosis, they move towards the lymph nodes and present the invaded 

pathogens to lymphocytes. This process provokes the antibody production as immune 

response (Scanlon and Sanders, 2018). 

The Melanocytes are a type of pigment-producing dendritic shaped cells that owe their 

origin from neural crest at an embryonic stage. They are confined, more and often, to the 

basal layer of the skin (Chu, 2012). The number of melanocytes in an individual of the 

same size and age is approximately the same but with different level of activity. And the 

activity of melanocytes is a hereditary and genetically controlled trait. The dark-colored 

individuals have more active melanocytes than fair skinned. The prime function of 

Melanocytes is Melanin production, a dark-colored pigment. Its production is triggered 

by the sunlight or UVR exposure of the skin. The produced melanin is transferred to the 

keratinocytes at the surface layers of the skin. This results in its darker color, which 

prevents further damaging effects of UVR to the skin (Scanlon and Sanders, 2018).  

Layers of Epidermis 

Epidermal layer is subdivided into five distinct sublayers namely (from deep to 

superficial) stratum basale, stratum spinosum, stratum granulosum, stratum lucidum, and 

stratum corneum. 

2.3.1.1. Stratum Basale 

Stratum basale is also called as stratum germinativum and is regarded as the base of the 

epidermis.  

The cells of this layer are of cuboidal to a columnar shape having a large nucleus to 

cytoplasm ratio.  

Here mitosis of cells takes place and new cells are continuously being produced those 

push older cells to the superficial layers. The cells in basal layer have very long life span 

and excellent but slow mitotic activity under normal conditions. This mitosis becomes 

fast under conditions like wounding.  The migration of a cell from the basal layer to the 

superficial layer takes place in about 28 days. 
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2.3.1.2. Stratum Spinosum 

Above the basal layer, is a 5-10 cell thick layer of called stratum spinosum. It consists of 

cuboidal cells of different shape and sizes depending upon the location. There are 

abundant desmosomes are present in intercellular spaces among these cells, which give 

resistance to mechanical stress.      

2.3.1.3. Stratum Lucidum 

It is a thin layer of 3-5 cells of keratinocytes. It has lucid appearance due to the presence 

of Eledin which is and intermediate product of keratin. This layer is found at thicker body 

parts like soles and palms of the body.   

2.3.1.4. Stratum Granulosum 

It is also called granular layer as their cells contains large number of kerato-hyaline 

granules. These cells are involved in the further keratinization of the epidermal cells. This 

layer differs considerably in thickness at different parts of the body and found thickest in 

palm and sole skin.  

2.3.1.5. Stratum Corneum 

This layer is composed of flat, large, polyhedral cells without nuclei and technically 

regarded as dead cells. This layer provides a mechanical support to the skin and a barrier 

to pathogen invasion prevent water loss from it. Its thickness also varies in different parts 

being thickest at knees, soles and palms (Kolarsick et al., 2011, Kusuma et al., 2010, 

Menon, 2015). 

2.3.2. Dermis 

There is much thicker layer is present beneath the epidermis that is constituted of 

irregular fibrous tissues. These cells are called fibroblasts which give rise to both collagen 

and elastin. Collagen is very strong and elastin is elastic. Both of these fibers give 

strength and elasticity to the dermal layer. There are abundant capillaries in this layer 

which provides oxygen and nutrition to dermis as well as to epidermis. This layer also 

holds many skin structures such as nail and hair follicles, glands and sensory nerves 

(Scanlon and Sanders, 2018). 
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Figure 2.1 Structural organization of skin  

 2.3.3. Hypodermis 

Beneath the dermis is present Hypodermis. It is composed of thick layer of subcutaneous 

fat cells and forms a link between body and skin. All the sensory nerves and blood vessels 

pass through this layer. It renders a cushion against mechanical shock and act as 

insulation for external environment (Casey, 2002). 

2.3.4. Skin Appendages 

2.3.4.1. Sebaceous Glands 

These are microscopic sacs present throughout the skin except lips, buccal mucosa, foot 

soles and palms etc. These glands together with hair follicles constitute Pilo-sebaceous 

unit. Sebaceous glands secrete thick fatty substance called sebum that is a mixture of 



12 
 

cholesterol, wax esters and triglycerides (Kolarsick et al., 2011, Mescher, 2013). Sebum 

helps to inhibit the microbial growth but too much of its secretion is associated with 

increased bacterial growth. This results into development of acne vulgaris. Too much 

decreased sebum production is responsible for dry and cracked skin that leads to skin 

aging (Scanlon and Sanders, 2018). 

2.3.4.2. Sweat Glands 

Sweat glands are of two types; eccrine and apocrine sweat glands. Eccrine glands are 

found all over the body with higher density at palms, soles, upper lip and forehead. These 

glands are present in dermis but their secretory duct opens on the skin surface to release 

sweat. Sweat is produced by these glands functions to maintain and normalize the body 

temperature. 

Apocrine sweat glands are mostly found in axillae and on genital areas of the body. They 

are not associated with cooling of the body and active in emotional and stressful 

conditions (Casey, 2002, Scanlon and Sanders, 2018). 

2.3.4.3. Nails 

These are dermal appendages of body that cover dorsal parts of the peripheries of fingers 

and toes. It comprises of three parts, namely; nail root, nail body and free edge. The body 

of nail is present on nail bed that is full of nerves and blood supply. The finger nails grow 

much faster than toe nails with a daily growth rate of 0.1 mm (Kanitakis, 2002, Kolarsick 

et al., 2011). The nails are involved in sensation, providing protection to the fingers and 

toes and act as natural weapons (Rossi et al., 2003). 

2.3.4.4. Hair  

In humans, hair are found almost all over the body except palms of hands, soles of feet, 

parts of both buccal cavity and external genitalia (Kanitakis, 2002). There are 

approximately 5,000,000 hair follicles out of which 100,000 are present only on scalp. 

They are variable in size, shape and density that depend upon the site of presence on the 

body. Hair of eye brows, eye lashes and scalp are pigmented, thicker and longer than rest 

of the body (Krause and Foitzik, 2006). Hair is consisted of two separate structures; Hair 

follicle which is present beneath the skin and hair shaft visible on the skin.  
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Hair follicle is an important growth component of the hair which is composed of Henleôs 

layer (a single cell layer), a thick layer containing eosinophilic granules and cuticles.  

The hair shaft is composed of a cortex, cuticle and a medulla. Medulla is the central part 

of hair. While, cortex is the peripheral portion of the hair that gives physical and 

mechanical support and is made up of macrofibrils (50-60%). The cuticles are composed 

of flat cells that wrap the shaft from root to the top (Buffoli  et al., 2014). 

2.3.5. Functions of Skin  

2.3.5.1. Protection 

It is the main function of the skin to protect body from chemical, microbial and 

mechanical threats. Moreover, UV protection is provided by melanocytes. 

2.3.5.2. Dehydration 

Water or moisture is an important part of skin physiology (70-75% of basal layer) and 

helps to maintain its integrity. There is continuous water evaporation from the skin 

surface termed as Trans-epidermal water loss (TEWL).  Stratum corneum provides active 

barrier against this water loss from the skin surface. 

2.3.5.3. Sensation 

Skin is regarded as prime sensory organ of the body, which is provided through the 

presence of specialized nerves. These are known as mechanoreceptors. Some of 

mechanoreceptors with their sensory functions are described below; 

Pacinian corpuscles for vibration, meissnerôs corpuscles for tapping, ruffiniôs corpuscles 

for stretch and joint movements, nociceptors for pain detection are names to few.  

2.3.5.4. Thermoregulation 

Humans have to maintain their body temperature owing to their warm blooded nature. To 

maintain this constant body temperature, there should be a balance between heat 

generated in the body versus heat dissipated. Sweat glands are the chief organ to help out 

this thermoregulation. In hot conditions, the blood vessels in the skin dilate and sweat 

glands become active. While, in colder situations the blood vessels constrict to preserve 

body heat. 
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2.3.5.5. Vitamin D synthesis 

Vitamin D synthesis is another important function of the skin. Skin is rich in 7-

dehydrocholesterol which is present mostly in stratum basale and stratum spinosum of 

epidermis. This is also called as provitamin D and converted to cholecalciferol (Vitamin 

D) when exposed to sunlight. 

2.3.5.6. Absorption 

Skin has the ability to absorb certain substances depending upon their physicochemical 

characteristics. Water and oxygen are absorbed through skin. Certain drugs such as 

topical steroids are absorbed through skin when applied topically (Lai-Cheong and 

Mcgrath, 2009, Menon, 2015, Montagna, 2012, Waugh and Grant, 2014). 

2.4. Skin Aging 

The process of skin aging involves many different factors like intrinsic factors, 

genetically programmed processes and environment also play very important role in 

aging of skin.  

2.4.1. Intrinsic Skin Aging  

Intrinsically photo aged skin is different from aged skin in a way that aged skin is thinner, 

more pigmented and fold accentuation is less (Fisher et al., 2002). Main factor involve in 

intrinsic aging is time and ROS formation continuously take place that result in 

endogenous damage. ROS is very reactive species and very strong body defense system 

in the form of antioxidant result in serious damage to body and cells their membranes and 

also to DNA and enzymes (Yaar and Gilchrest, 2003). It has both genetic as well as 

decreased or imbalanced hormones background (Allsopp et al., 1992). A cell replicate 

about 60 to 70 time in life cycle after that they are unable to proliferate (Glogau, 2003). 
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Figure 2.2 Mechanism of Dermatoheliosis and Polyphenol activity at different steps. I ) 

Photo-protection by absorbing harmful sunrays topically. II, III ) Inhibition of 

inflammatory mediator production. IV ) Ameliorated skin hydration by improved skin 

barrier function. V) Downregulation of MMPs by inhibiting NF-əB and AP-1. VI ) 

Inhibition of pro-inflammatory cytokine production by the suppression of NF-əB and AP-

1. VII ) Decreased elastin degradation by the inhibition of elastase activity. VIII ) 

Decreased melanogenesis by the inhibition of tyrosinase, TRP-1, and TRP-2. IX ) 

Decreased sebum production by the inhibition of 5Ŭ-reductase 1 activity. 

Factor influencing intrinsic aging 

2.4.1.1. Racial Variations 

In society aging process is different in different civilization due to level of pigmentation 

in skin. Resistance to ageing can be seen more in African- American skin as compared to 

Caucasian skin due to fact that they have higher lipid content in cells. Some times more 

pigmentation in skin is beneficial as it protect the photo ageing process (Robinson, 1999). 

Asian people develop wrinkles on skin very late in life and also very moderate intensity 

as compared to Caucasians (Südel et al., 2005). When skin gets old it becomes thin and 

flattened and its elasticity becomes less. Fibroblasts become less in number that leads to 
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general atrophy. Breakdown of protein in extracellular matrix result in low level of 

collagen and elastin in skin (Callaghan and Wilhelm, 2008). 

2.4.1.2. Anatomical Site 

While studying body sites some parameters of skin showed marked deviations. There are 

large variations in skin thickness, blood flow, lipid composition, rigidity and hydration 

with respect to body site. These factors cumulatively affect chronological skin aging 

(Singh, 2009). 

2.4.1.3. Hormonal Variations 

Hormones also play a vital role in intrinsic skin aging process. Discrepancy of hormone 

in body also leads to impairment of skin. Hormone such as oestrogen, testosterone and 

growth hormone has very important part in synthesis of lipid in epidermal and dermal 

layer (Farage et al., 2008). 

2.4.2. Extrinsic Skin Aging 

The aging process that is caused by environmental factor is known as extrinsic aging of 

skin and it is also known as premature aging. When someone has aged skin that person 

has some signs of it like wrinkles and blotchy pigments on skin, skin becomes coarseness, 

atrophy started and also becomes inelastic (Suppa et al., 2011). The major factor to 

extrinsic skin aging is UV radiations. Ultraviolet radiations are very harmful to skin and 

they lead to aging of skin and especially to those areas which are directly exposed to them 

like face, hands feet etc. (Baumann, 2007, Friedman, 2005). The mechanism how uv 

radiations are harmful is that they lower the expression of collagen type VII type in 

keratinocytes. This collagen fiber is a bond between dermal and epidermal layer and uv 

light decreased their production so this bond become weekend and results in formation of 

wrinkles (Contet-Audonneau et al., 1999). 

Factor Influencing Intrinsic Aging  

Extrinsic skin aging is highly influenced by life style of a person. Several factors such as 

alcohol intake, psychological and physical stress, working environment, poor nutrition, 

eating habit are to name a few (Puizina-Ivic, 2008). Temperature and humidity also 

marked effect on ageing because lipids and structural protein in the cells depends on 



17 
 

water content in the skin. Normal temperature keep the skin healthy, however an increase 

in temperature increase the evaporation of water from skin surface. Low temperature 

keeps the skin glowing and healthy. Other things that can degrade skin are high 

cholesterol level, medications etc. (Jackson et al., 1993, Mccallion and Po, 1993).  

2.4.2.1. Smoking  

It is well documented that cigarette smoking has strong association with telangiectasia, 

elastosis and premature skin aging in both sexes (Leow and Maibach, 1998). Oxygen and 

nutrients are essential for skin and a healthy blood flow to skin is essential to avoid skin 

damage but smoking can low down the blood supply to skin tissues. Collagen and elastin 

fibers in the skin dermis are helpful for skin in maintaining the skin thickness, its 

hardness and its elasticity but a person who smokes have lower levels of collagen and 

those elastin fibers in skin tissue and it effect the skin in a way that it cause the skin to 

become floppy, hardened and also its elasticity decreases. Wrinkles that appear on skin 

may be due to nicotine that cause vasculature to constrict. Moreover, chronic smokers 

donôt respond to anti-wrinkle therapy (Castelo-Branco et al., 1998). 

2.4.2.2. Ultraviolet Radiations Exposure  

UVR exposure is the major and most important contributing environmental factor that 

contributes to extrinsic skin aging. It is responsible for approximately 80% of facial skin 

aging (Friedman, 2005). Level of melanin in the skin depends on exposure to sunlight and 

it varies from time to time. Extra exposure to sun light causes increase production of 

melanin in skin. Those individuals that that have genetic problem their skin damaging 

start to take place from start of their life (Rhodes et al., 1991). 

2.4.3. Principles of Skin Aging Prevention And Treatment Strategies 

Skin ageing is very serious problem and strategies have developed to overcome the photo 

ageing as well as chronological aging and these are as follows: 

2.4.3.1. Photo Protection 

Photo protection means is to avoid unnecessary exposure to harsh sun light and it is the 

key factor in slowing down the ageing process. By taking necessary measures like 

wearing those cloths that can protect from sun light and by applying sunscreen masks to 
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skin, life of skin can be made long (Sambandan and Ratner, 2011). Sunscreen masks can 

play very important part in prevention of photo-aging, sunscreens contain those 

ingredients that can absorb UV radiations before they effect skin, so in this way damage 

to skin is avoided. Till date 17 components have been approved by FDA that can be used 

as active ingredients in sunscreen preparation. These components may be organic or 

inorganic. Organic compounds works by absorbing UV radiations and inorganic 

compounds works by reflecting the UV light (Wang and Lim, 2011). 

2.4.3.2. Antioxidants 

Antioxidants are the compounds that prevent oxidation and oxidation is a major factor in 

destroying skin cells. So, by use of antioxidant ageing process of skin can be made slow. 

And use of antioxidant in repairing of skin damage is widely studied. Antioxidants are 

directly in link to slow the ageing. Antioxidants works by different mechanism like by 

cancelling the reactive oxygen species, stopping the peroxidation of lipid and also 

activate the natural system of antioxidant tin the body (Garcia et al., 2006).  

2.4.3.3. Vitamins 

Vitamins are also very important factor in prevention of skin ageing. Small molecular 

weight compounds can penetrate into skin and vitamin C, B3 and E are very good 

antioxidant then can penetrate very easily into skin as they have small molecular weight 

(Bissett et al., 2004). Vitamin C is also known as ascorbic acid and it is heat stable and 

soluble in water and it has role in skin anti-aging effect. This vitamin act by producing 

Col-1 and Col-3 and also produce collagen by production of enzymes and also induce 

matrix metalloproteinase inhibitors (Nusgens et al., 2001). Vitamin B3 (Niacinamide) 

involved in the regulation of cell metabolism and regeneration, and hence used as an anti-

aging agent to improve skin elasticity and to reduce skin erythema and pigmentations 

(Bissett et al., 2004). Vitamin E (Ŭ-tocopherol) contribute to skin photo protection by its 

anti-inflammatory, epithelialization and skin hydrating potential (Zhai et al., 2005). 

Vitamin A (retinol) and its derivatives have antioxidant potential and can trigger the 

collagen synthesis attenuate its degradation by collagenases. Retinol is very popular 

substance used as an anti-aging agent in skin care products (Kafi et al., 2007, Varani et 

al., 2000).  
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2.4.3.4. Polyphenols 

 Polyphenols are very important component as skin anti-aging. And plants are rich source 

of polyphenols. There are different studies that have proved that topical application of 

plant extract that are rich in polyphenol has remarkable effect on against number of 

degenerative diseases and other diseases that induce skin ageing (Del Rio et al., 2010). 

Approximately 800 thousand phenols have been known and over 4000 thousand 

flavonoids have been screened from plant kingdom (Tsao, 2010). Interest has been 

growing in use of naturally producing polyphenols from plants for prevention of photo 

damage caused by UV rays. Those polyphenols that are found in diet and has anti-

inflammatory, immune regulating as well as anti-oxidation properties are well reputed 

compounds that can be used against different skin abnormalities (Nichols and Katiyar, 

2010). Polyphenols are usually yellow, red or purple and then can well engross radiation. 

So, when they are applied to skin they can stop radiation to damage skin by blocking their 

entry into skin surface. Polyphenols act as natural sun blockers. So by blocking harmful 

radiation to reach skin polyphenols protect the skin from inflammation, oxidation caused 

by stress and also damage to DNA. Main advantage of applying topical antioxidant is that 

they protect the skin as well as induce the natural antioxidant of body to work as well.  

Collagenase and elastase are the enzyme that lead to degradation of protein that keep the 

skin healthy. Phenols block these enzymes so by blocking these enzyme they prevent skin 

protein damage, so in this way aging is controlled (Nichols and Katiyar, 2010, Zillich  et 

al., 2015). 
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Figure 2.3 Examples of some common plant derived polyphenols 
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2.4.3.5. Minerals 

Minerals also paly very important role in controlling skin ageing, zinc, copper and 

selenium are important minerals in this regard. These molecules has two properties one is 

that they involve in synthesis of protein in matrix and zinc act to absorb radiations 

(Mitchnick et al., 1999). Copper has a role in as antioxidant and also involve in initiation 

of synthesis of collagen as well as melanin (Pickart et al., 2012). Selenium prevent skin 

from stress caused by oxidation (Rafferty et al., 1998).  

2.5. Emulgel 

Emulgels are gellified emulsions of both oil in water and water in oil type. This gellified 

emulsion system is a much stable system as compared to simple emulsions having the 

properties of both hydrogel and emulsion and proves to be a better option for hydrophobic 

drugs (Behera et al., 2015, Dong et al., 2015, Soltani and Madadlou, 2016, Varma et al., 

2014). In case of dermatological purposes Emulgel possesses many favorable advantages 

as they are thixotropic, emollient, greaseless, easily spreadable, easily washable, 

nonstaining, having greater shelf life and are bio-friendly (Ashara et al., 2014, Kute and 

Saudagar, 2013). Dermatological preparations are diverse in consistency and formulation 

from liquid to powder but the most popular products are semisolid preparations such as 

creams, gels etc. These preparations are applied over healthy as well as diseased skin. 

Among these semisolid preparations transparent gels has expanded their use both in 

pharmaceutical and cosmetics field. These are relatively newer class of dosage forms that 

are produced by the entrapment of larger amount of water or hydro alcoholic solution in a 

network of colloidal solid particles. Gels provide relatively faster release of medicaments 

as compared to creams and ointments (Khullar et al., 2011). Many of the topical 

preparations like creams, lotions and ointments also exhibit some limitations in their use. 

Some of them are usually very sticky and cause uneasiness to patient. Furthermore, they 

have comparatively lesser spreading coefficient and need rubbing for application. They 

also show some stability issues. Due to all these factors, among the semisolid dosage 

forms, gells have gained attention for use in both pharmaceutical and cosmetic field (Jain 

et al., 2010, Khullar et al., 2011, Panwar et al., 2011, Singla et al., 2012). 
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2.5.1. Gelling Agent 

Gelled structure is produced when the gelling agents are added to the formulation. Two 

types of gelling agents are available, natural and synthetic agents. When the gelling agent 

is added to a system it forms the system thixotropic (Lee et al., 2009, Singla et al., 2012).  

Gel formation is a phenomenon of production of a three dimensional network within 

which water molecules are entrapped. This is network resulted from various inter and 

intra molecular interactions of polymeric substances. Such interactions are attributed to 

either some chemical (with some suitable chemical reagent) or physical (change in 

temperature or pH) activity (Prajapati et al., 2013). There are a variety of polymeric 

substances that possess gelling forming characteristics. These include natural, synthetic as 

well as semi synthetic polymers. 

2.5.1.1. Natural  

Natural gelling agents have advantage over synthetic and semi synthetic ones that they 

are cheap, easily available and biocompatible also they are non toxic, non irritant and 

biodegradable (Prajapati et al., 2013). These include a number of natural substances 

which act as gelling agents such as Gum Arabica, Gum Tragacanth, Xanthan gum , Guar 

gum, Locustbean gum, Soybean lecithin, Carrageenans, Alginic acid as well as Starch 

etc.(Goswami and Naik, 2014). 

But in emulgel formulations following natural gums used as gelling agent; 

Gums are plant hydrocolloid polysaccharides and considered to be the natural 

pathological exudates obtained by giving injury to the plant or by unfavorable conditions 

(drought) by cell wall breakdown. They belong to the family of natural condensation 

polymers (Daoub et al., 2016).  

Locust bean gum which is also termed as carob gum is incurred from the grounded seed 

endosperm of plant Ceratonia siliqua of Leguminosae family (Sikora et al., 2017). It is 

high molecular weight branched chain polysaccharide. It is called as galactomannan as it 

contains of galactose and mannose in ratio 1:4. Its molecular weight ranges from 300,000 

to 1200,000 Da. Due to relative hydrophobic nature of its mannan component; it is hardly 

soluble in water and requires heating for solublization (Kaity and Ghosh, 2016). It is 

widely used gelling agent in food and pharmaceutical industry because of its capacity to 

stabilize the emulsions at very low concentrations e.g. Ò0.02% (Hussain et al., 2016).  
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Xanthan gum is a microbial extracellular polysaccharide obtained from bacterium 

Xanthomonas campestris. It is widely used in pharmaceutical industry as thickening 

agent, emulsifier as well as gelling agent. It contains glucose, mannose and glucuronic 

acid linked with glycosidic bonds. It has the unique ability to be stable not only to 

temperature variations but also to acids, alkali and salts. Its molecular weight ranges from 

2×10
6
 to 20×10

6
 Da. It is non toxic and non sensitizing so does not cause skin irritations 

hence widely used in dermal formulations (Garcēa-Ochoa et al., 2000).  

2.5.1.2. Synthetic  

There is a long list of synthetic polymeric substances that have been and being used as 

gelling agents in pharmaceutical preparations such as Carbapol®s, Poloxamers and 

carbophils etc. 

Carbapols are acrylic acid derived polymers that are cross linked with divinyl Glycol or 

polyalkenyl ethers. They are hydrophilic and mild acidic in nature (pka 6.0 ± 0.5). They 

form neutralized aqueous dispersions of high viscosity, harmless, inexpensive and ease of 

preparation. These properties make them as promising and very good gelling agent in 

pharmaceutical field (Fresno et al., 2002). Due to their high hydrophilicity, they can 

absorb as much water as up to ten times their size and thousand times their volume and 

form a gel when exposed to a pH range of 4 to 6. It is the pH range that decides viscosity 

of the system using Carbapol polymers. Highly viscous systems are observed on pH range 

from 5-9. However pH above 9 and below 5 may also be used but higher concentration of 

the polymer will require achieving that level of viscosity (Abdullah et al., 2013). 

Polymers are usually synthesized by cross linking process. So the manufacturing 

conditions and degree of cross linking determine the various grades of the polymer. Every 

grade of the polymer decides the specific application of the polymer. Mostly cabapol 930, 

934, 940, 947, 974 and 1342 grades are used in topical emulgel systems (Kelessidis et al., 

2011).  

Carbophils or Polycarbophils are also high molecular weight acrylic acid derived 

polymers with a large number of carboxyl groups on molecular chain. They are non 

irritant and considered safe for dermal use. They are insoluble in water with high swelling 

capacity as they can absorb water as much as hundred times their original size. Their 

viscosity is also pH dependent (Zhu et al., 2013).  
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Poloxamers is a family of triblock copolymers of polyoxyethylene-polyoxypropylene-

polyoxyethylene available under the trade name of Poloxamers, pluronics or tetronics. 

They are non ionic in nature and their aqueous solutions are stable to alkali, acids and 

metal ions (Almeida et al., 2012). Depending upon the physical and chemical properties 

many grades are available of the Poloxamers. Among these grades, Poloxamer 407 also 

called as PN F127 has widely used as gelling agent in pharmaceutical formulations. The 

gelation or viscosity depends is attributed to the concentration and temperature. Normally 

20% to 30% concentration of the polymer is used (Parhi, 2016).  

2.6. Non-invasive Biophysical Probes Used in Dermatological Testing 

Non-invasive means an instrument or procedure specifically devoid of incision or blood 

loss and involved in a minimized temporary functional or structural alteration to the body 

(Rogiers et al., 1999).  

2.6.1. Mexameter® 

Mexameter® is used to quantify the skin erythema and melanin indexes.  This instrument 

works on the principle of light emission and reflectance. Its probe contains an elastic 

spring to ensure a constant pressure on the skin. On touch with skin it emits light of three 

specific wavelengths; green, red and infrared with 568, 660 and 880 nm respectively. This 

emitted light gets reflected from the skin and the amount of absorbed light is quantified 

by the receiver.  Erythema index is quantified from the intensity of absorbed and reflected 

light of 568 and 660nm whereas Melanin index from 660 and 880nm respectively (Wan 

et al., 2017). 

2.6.2. Corneometer® 

Corneometer® is employed to measure the skin hydration level in this study. The probe 

comprises of gold electrodes overlaid by a thin layered insulation material with low 

dielectric constant. When the probe is placed vertically on the skin, an electric field 

penetrates the stratum corneum and the hydration level is measured as dielectric constant 

dependent capacitance changes of water. The measured value is displaced as arbitrary 

units (Manosroi et al., 2011).  
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 2.6.3. Elastometer® 

Elastometer® is a widely used elasticity measuring probe. It allows quick and convenient 

quantification of elastic properties of the skin with the easy user interface. It works on the 

principle of the resilient ability of the skin when disturbed (suction and stretching). The 

measured value is displayed in the LED display present on the instrument in terms of 

percentage of elasticity (Courage+Khazaka, 2018). 

 2.6.4. Sebumeter® 

Sebumeter® is a widely used equipment to quantify the sebum production on the skin 

surface. It works on the principle of grease spot photometry and uses the light intensity 

difference through a plastic strip which is termed as sebumeter tape. When this tape is 

brought into contact with skin sebum, it becomes transparent. After inserting it into the 

device aperture, its transparency is measured by photocell by the emission of light 

(Marques, 2016). 

 2.6.5. Visioscan® VC 98 

Visioscan® VC 98 is a widely employed instrument for surface evaluation of living skin 

(SELS). It is a unique instrument that is embedded with a UVA-light video camera of 

very high resolution to examine the skin surface directly. The probe of Visioscan® is 

equipped with two oppositely rotating halogen lamps which are capable of uniform 

illumination of the skin.  Basic principle of this is based upon evaluation of an image of 

living skin taken under certain illumination. The picture obtained is finally electronically 

processed for quantitative results (Khazaka, 2000).  
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3. Material s and Method 

3.1. Chemicals 

The following chemicals and equipment were used during current research study. All 

chemicals were of analytical grade except phenolic and flavonoid reference standards 

which were of HPLC grade and are given in Table 3.1. 

Table 3.1 List of Chemicals 

Chemical Manufacturer  

Ethanol Merck, Darmstadt, Germany 

n-Hexane Merck, Darmstadt, Germany 

Chloroform Merck, Darmstadt, Germany 

n-Butanol Merck, Darmstadt, Germany 

Liquid paraffin Merck, Darmstadt, Germany 

Triethanolamine Merck, Darmstadt, Germany 

Prpylene glycol Merck, Darmstadt, Germany 

Carbopol 940 Sigma Aldrich, USA 

Span 20 Sigma Aldrich, USA 

Tween 20 Sigma Aldrich, USA 

DPPH Sigma Aldrich, USA 

L-Dopa Sigma Aldrich, USA 

Mushroom tyrosinase Sigma Aldrich, USA 

Kojic acid Sigma Aldrich, USA 

Ascorbic acid Sigma Aldrich, USA 

Gallic acid Sigma Aldrich, USA 

Chlorogenic acid Sigma Aldrich, USA 

Luteolin Sigma Aldrich, USA 

Fisetin Sigma Aldrich, USA 

Apigenin Sigma Aldrich, USA 

Naringenin Sigma Aldrich, USA 

Quercetin Sigma Aldrich, USA 

Epicatechin Sigma Aldrich, USA 

Ferulic acid Sigma Aldrich, USA 

Hyperoside Sigma Aldrich, USA 

Rutin Sigma Aldrich, USA 

Apigenin-7-O-glucoside Sigma Aldrich, USA 

Chrysin Sigma Aldrich, USA 

Benzenetriol Sigma Aldrich, USA 

MTT 98% Sigma Aldrich, USA 

Human keratinocyte (HaCat cells) American Type Culture Collection 

Fetal-bovine serum Gibco, USA 

Dulbeccoôs Modified Eagleôs Medium Gibco, USA 
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PBS Gibco, USA 

Trypsin-EDTA  Gibco, USA 

Penicillin Gibco, USA 

Streptomycin Gibco, USA 

Fluorescein diacetate  ThermoScientific, USA 

3.2.  Equipment 

All the instruments and apparatus used in this research work were validated/calibrated 

(where applicable) and are shown in Table 3.2. 

Table 3.2 Apparatus/Instruments 

Apparatus/Instrument Manufacturer  

 Rotary evaporator Heidolph, GmbH & CO. Germany 

HPLC Waters BreezeÊ HPLC system  

UV spectrophotometer (UV 4000 

ORI) Germany 

 Microplate Reader Synergy HT BioTek Instrument, USA 

Refrigerator Dawlance, Pakistan 

 Homogenizer Germany 

 Hot incubator ( MIR-162) Sanyo, Japan 

 Digital Humidity Meter TES Electronic Corp, Taiwan 

pH meter  WTW pH-197i, Germany 

Optical microscope  Eclipse E200, Nikon, Japan 

Electrical balance Precisa BJ-210, Switzerland 

Conductivity meter WTW COND-197i, Germany 

Mexameter® 

Courage +Khazaka Electronic GmbH, 

Germany 

Corneometer® 

Courage +Khazaka Electronic GmbH, 

Germany 

Sebumeter® 

Courage +Khazaka Electronic GmbH, 

Germany 

Elastometer® 

Courage +Khazaka Electronic GmbH, 

Germany 

Visioscan® VC 98 

Courage +Khazaka Electronic GmbH, 

Germany 

3.3.  Collection of Plant material 

Psoralea corylifolia (PC) and Mimosa pudica (MP) seeds were purchased from a herbal 

drug store in Bahawalpur, Pakistan, and identified by an expert botanist from the 

Department of Life Sciences, The Islamia University of Bahawalpur, Pakistan. Voucher 

specimens for Psoralea corylifolia (7437/LS) and Mimosa pudica (7436/LS) were 

submitted there for future reference.  
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3.4.  Extraction and Fractionation of Mimosa pudica seeds  

The coarse powder of ground seeds (250g) was subjected to 3 cycles of 800ml ethanol-

water (80:20; v/v) extraction at room temperature (each with 3 days soaking). The 

resultant extract was filtered followed by concentrated using a vacuum rotary evaporator. 

Final concentrated extract upon drying was weighed and calculated percentage yield was 

51g (20%). Out of this, 16g was retained as Hydro-alcoholic fraction of MP (HAMP) and 

the remaining was suspended in deionized water and then successively extracted to 

fractionation with n-Hexane, chloroform and n-Butanol in increasing order of polarity. 

The resulting fractions were named as NHMP (6g), CLMP (14g), and NBMP (12g) 

denoting n-Hexane, chloroform and n-Butanol fractions of MP respectively. All the 

extracts in sealed containers were stored in the refrigerator for further evaluation.   

3.5.  Extraction and Fractionation of Psoralea corylifolia seeds 

The coarse powder of ground seeds (250g) was subjected to 3 cycles of 800ml ethanol-

water (80:20; v/v) extraction at room temperature (each with 3 days soaking). The 

resultant extract was filtered followed by concentrated using a vacuum rotary evaporator. 

Final concentrated extract upon drying was weighed and calculated percentage yield was 

62g (25%). Out of this, 20g was retained as Hydro-alcoholic fraction of PC (HAPC) and 

the remaining was suspended in deionized water and then successively extracted to 

fractionation with n-Hexane, chloroform and n-Butanol in increasing order of polarity. 

The resulting fractions were named as NHPC (7g), CLPC (17g), and NBPC (14g) 

denoting n-Hexane, chloroform and n-Butanol fractions of PC respectively. All the 

extracts in sealed containers were stored in the refrigerator for further evaluation. 

3.6.  Total Phenolic Content (TPC) 

Kimôs method with slight modifications was adopted to quantify the total phenolic 

content (TPC) in the plant samples (Kim et al., 2003). 1.0 ml of Folin-Ciocalteu reagent 

was added to a mixture containing 1 mg of each sample in 9 ml water and was mixed 

thoroughly for 5 min. Then 10 ml of Na2CO3 (7 %) was added and the final volume of 25 

ml was made with water. The mixture was incubated at room temperature for 90 min and 

absorbance was recorded at 750 nm. Total phenolic content (TPC) was expressed as µg of 

Gallic acid equivalents (GAE)/mg of the dry weight of the plant sample. 
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3.7.  Total Flavonoid Content (TFC) 

Parkôs method with slight modifications was adopted to quantify the total flavonoid 

content (TFC) in the plant samples (Park et al., 2008). 0.1 ml of 0.3 mol/ L AlCl3.6H2O 

was added to a mixture containing 0.3 ml plant sample and 0.5 mol/L NaNO2. Then 3.4 

ml of 30% methanol was added to the above mixture and absorbance was recorded at 506 

nm. Total þavonoid content (TFC) was expressed as Õg Quercetin equivalents (QE)/mg 

of the dry weight of the plant sample. 

3.8.  Antioxidant Activity  

Majidôs method with slight modifications was adopted to perform the antioxidant activity 

by DPPH radical scavenging with Ascorbic acid as a positive control (Majid et al., 2015). 

24 mg of DPPH was dissolved in 100 ml of methanol to make a stock solution which was 

stored at 20
o
C. About 3 ml of this stock solution was added to plant samples of 1 mg/ml 

in test tubes and was incubated at room temperature for 15 min. Absorbance was recorded 

at 517 nm and the percent inhibition was calculated by the following relation. 

Percent inhibition= (Abs. of control ῐ Abs.of sample)/(Abs. of control)  X 100 

3.9.  Tyrosinase Inhibition Assay 

Kimôs method with slight modifications was adopted to perform the Tyrosinase inhibition 

assay of the plant samples with Kojic acid as a positive control (Kim, 2007). In this 

method 60 units of enzyme were added to 150µl of buffer (50mM of pH 6.8) and 10µl of 

test compound in each well were incubated at 30ęC for 15 minutes. After incubation pre-

read was recorded at 480nm. Then 1mM of substrate per well was added and re-incubated 

at same condition for 30 minutes. After re incubation absorbance was again measured at 

the same frequency. The result was measured by the following formula. IC50was 

calculated by making a serial dilution of the original concentration. 

Percent inhibition = 100 - (absorbance of sample/absorbance of control) X 100 

3.10. HPLC Analysis 

HPLC analysis for Phenolic and flavonoid compounds was performed using Waters 

BreezeÊ HPLC system with a Zorbax SBC-18 (150x3mm, 3.5µm) column and 1525 
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Binary Pump.  The system was equipped with 717 plus Autosampler (injection volume of 

10µl), in-line Degasser and 2487 UV Detector. Column oven temperature was set to 60
o
C 

and flow rate to 1ml/min. Sample run time was 70 minute each and all the detection was 

made at 330nm. 

Stock solutions of all flavonoid standards and fractions of MP seed extract were prepared 

in Methanol (1mg/ml stock) in amber Eppendorf tubes to protect from light and filtered 

through micro-filters. Gradient elution system was used with two mobile phases. Mobile 

phase 1 was 40mM potassium dihydrogen phosphate (pH 2.3 with 85% Orthophosphoric 

acid) whereas mobile phase 2 was Methanol. The gradient elution was 95% A to 58% A 

over 52.5 mins, 58:42 (52-57 min) then again to initial composition (57-60 min) at a flow 

rate of 1ml/min and allowed to run for another 10 min before injecting the next sample. In 

present study 13 standards of phenolic and flavonoid compounds were used including 

Gallic acid, Chlorogenic acid, Epicatechin, Ferulic acid, Hyperoside, Luteolin, Rutin, 

Fisetin, Apigenin-7-O-glucoside, Naringenin, Benzenetriol, Apigenin and Chrysin. 

3.11. In -vitro Cytocompatibility  Assay  

To assure the safety and rule out any chances potential toxicity on the skin by the plant 

extracts being used in prospective cosmeceutical formulation, cytocompatibility assay 

was performed. For this purpose, effect of hydro-alcoholic fractions (HAMP and HAPC) 

of Mimosa pudica and Psoralea corylifolia seed extract on the cell viability of normal 

human keratinocyte (HaCat cells) cell line was evaluated. The cells were incubated with 

varying concentrations (1-3000 µg/ml) of these extracts. 

3.11.1. Cell Culture 

Normal Human keratinocyte (HaCat cells) were cultured in Dulbeccoôs Modified Eagleôs 

Medium supplemented with a mixture of Fetal Bovine serum (FBS) (10%) and 

penicillin+streptomycin (100U/ml+100 ɛg/ml) at 37 °C in a 5% CO2 humidified 

incubator (Thermo Scientific, Waltham, MA, USA). The stock cultures were grown in 25 

cm
2
 culture flasks and all the experiments were carried out in 60 mm Petri-plates.  
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3.11.2. MTT Assay 

The assessment of HaCat cells cytotoxicity was done using the MTT assay. Briefly, cells 

were seeded in 96-well plate (1×10
4 
cells/well) and cultured for 24 hours to allow them to 

attach to the surface. Next, they were incubated with varying concentrations (1, 10, 100, 

500, 1000, 2000 and 3000 µg/ml) of HAMP and HAPC fractions intended to be used to 

formulate emulgel for 48 hours. Untreated cells were used as a control in the experiment. 

Next, 20 µl of MTT solution in PBS (5 mg/ml) was added to each well and after 

incubation for 4 hours at 37 °C, 150 µl of DMSO was added. Finally, the absorbance was 

measured at 490 nm using a spectrophotometer.  

3.11.3. Cellular Morphology  

HaCat cells were seeded in 6-well plate (1×104 cells/well) and incubated at 37°C for 24 

hours. Then cells were incubated with the different concentrations (1, 10, 100, 500, 1000, 

2000 and 3000 µg/ml) of HAMP and HAPC fractions for 24 hours. Next, cells were 

incubated at 37
0
C for 5 min with FDA, the FDA enters normal cells where it is cleaved by 

esterases and emits a green fluorescence. Next, the cells were washed three times with 

PBS. Finally, the cells were observed under a fluorescence microscope.  

3.12. Formulation Development 

A total of 12 (six for each plant extract) emulgel formulations were developed using 

varying concentrations of gelling agents i.e. Natural and synthetic by slight modification 

of reported method (Khullar et al., 2012). Natural gelling agent was Xanthan gum (XG) 

while synthetic one was Carbopol 940 (C-940). 

The feed ratios of the concentrations for each respective emulgel are mentioned in Table 

3.3 and 3.4.Two sets (each with 3 formulations) of each plant based emulgel formulations 

were fabricated with percent concentrations of gelling agent as variable factor. In first set 

of formulations MPC and PCC (1ï3), the C-940 content was varied from 1ï3 %. In an 

identical manner, the amount of XG was altered in the other set (MPX and PCX) of 

emulgel formulations. The gel phase was prepared by dissolving required amount of 

respective gelling agent in double distilled water with constant stirring using a mechanical 

stirrer at moderate speed. The pH was adjusted to 6ï6.5 using TEA as a result clear gel 

was obtained. Then, two separate o/w emulsions were prepared with HAMP or HAPC by 
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using ingredients described in Table 3.3 and 3.4. The oil phase was prepared by 

dissolving Span 20 in paraffin oil while aqueous phase was prepared by dissolving Tween 

20 in double distilled water. A mixture of methyl and propyl parabens in propylene glycol 

and 2g HAMP or HAPC fraction (1mg/ml) were added to the aqueous phase. Both phases 

(the oil and the aqueous) were separately heated to 70ï80
o
C and the oil phase was 

incorporated into the aqueous phase with constant stirring at 2000 rpm. The emulsion was 

continued to stirring until it was cooled to room temperature. Afterwards, this emulsion 

was mixed with already prepared respective gel phase in 1:1 ratio to obtain respective 

emulgel formulation. 

Table 3.3 Ingredients for Formulations of Mimosa pudica 

Ingredients 
Formulation code (%w/w) 

MPC1 MPC2 MPC3 MPX1 MPX2 MPX3 

Liquid Paraffin 7.5 7.5 7.5 7.5 7.5 7.5 

Span 20 1 1 1 1 1 1 

Tween 20 0.5 0.5 0.5 0.5 0.5 0.5 

Propylene glycol 5 5 5 5 5 5 

Methyl paraben 0.03 0.03 0.03 0.03 0.03 0.03 

Propyl paraben 0.01 0.01 0.01 0.01 0.01 0.01 

Carbapol 940 1 2 3 - - - 

Xanthan - - - 1 2 3 

HAMP 4 4 4 4 4 4 

Distilled Water q.s. q.s. q.s. q.s. q.s. q.s. 

HAMP=Hydro-alcoholic fraction of Mimosa pudica seed extract 

Table 3.4 Ingredients for Formulations of Psoralea corylifolia 

Ingredients 
Formulation code (%w/w) 

PCC1 PCC2 PCC3 PCX1 PCX2 PCX3 

Liquid Paraffin 7.5 7.5 7.5 7.5 7.5 7.5 

Span 20 1 1 1 1 1 1 

Tween 20 0.5 0.5 0.5 0.5 0.5 0.5 

Propylene glycol 5 5 5 5 5 5 

Methyl paraben 0.03 0.03 0.03 0.03 0.03 0.03 

Propyl paraben 0.01 0.01 0.01 0.01 0.01 0.01 

Carbapol 940 1 2 3 - - - 

Xanthan - - - 1 2 3 

HAPC 4 4 4 4 4 4 

Distilled Water q.s. q.s. q.s. q.s. q.s. q.s. 

HAPC=Hydro-alcoholic fraction of Psoralea corylifolia seed extract 
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3.13. In -Vitro Evaluation of Developed Emulgel Formulations 

The prepared emulgel formulations were kept at varying conditions of temperature and 

humidity for a period of 90 days. The conditions used were 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 

40
0
C±1 with 75%±1 relative humidity. During this period, emulgel formulations were 

assessed at regular intervals for any change in their physical stability or organoleptic 

evaluation. Moreover, all the formulations were subjected to evaluate in-vitro parameters 

like pH, electrical conductivity, and rheology, globule size determination on microscopic 

examination and phase separation on centrifugation. 

3.13.1. Organoleptic Evaluation 

The prepared emulgel formulations, stored at different temperature and humidity 

conditions like 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 40

0
C±1 with 75%±1 relative humidity were 

assessed organoleptically at regular intervals for any change in their physical stability 

(color, odor, liquefaction, and phase separation). These assessments were carried out 

regular intervals during study period, for all the formulation samples and at all studied 

conditions i.e. soon after preparation followed at 24 hours, 7 days, 14 days, 28 days, 60 

days and 90 days.  

3.13.2.  pH evaluation 

All the prepared emulgel formulations were subjected to evaluate any change in their pH 

using a digital pH meter (WTW pH-197i, Germany) at regular intervals throughout study 

period of 90 days. The evaluation was made for all the formulation samples kept at all 

varying studied storage conditions like 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 40

0
C±1 with 75%±1 

relative humidity. The measurements were taken in triplicate and their mean was taken.   

3.13.3.  Electrical conductivity 

During in-vitro evaluation, change in electrical conductivity was quantified for all the 

prepared emulgel formulations kept at 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 40

0
C±1 with 75%±1 

relative humidity at regular time periods. A digital electrical conductivity meter (WTW 

COND-197i, Germany) was employed for this purpose. The measurements were taken in 

triplicate and their mean was taken.   
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3.13.4.  Centrifugation Test 

Centrifugation test was employed to assess any instability or breakdown of emulgel 

system. This testing was done soon after the fabrication of each fresh emulgel formulation 

and followed at regular intervals throughout the study period stored at 8
0
C±1, 25

0
C ±1, 

40
0
C±1 and 40

0
C±1 with 75%±1 relative humidity. Each emulgel sample (2g 

approximately) in a 15ml centrifuge tube was subjected to centrifugation at 5000 rpm for 

10 minutes at 25°C±1 using EBA 20 centrifugation machine (Hettich, Germany). At the 

end of this procedure, each tube was macroscopically investigated for any possible phase 

separation. 

3.13.5.  Microscopic evaluation and globule size measurement 

Microscopic evaluation was carried out to assess the mean droplet size and morphology 

of each prepared emulgel formulation, with the help of CCD camera loaded optical 

microscope (Eclipse E200, Nikon, Japan) with 100 X oil immersion lens. Very small 

amount of the sample was taken on a glass slide and diluted with external phase, then 

covered with a glass coverslip observed under oil immersion lens. The images were 

processed with the help of image analysis software, Digimizer (V. 4.3.1). Morphology 

and the mean droplet size of the internal phase were measured. This evaluation was done 

for each fresh emulgel formulation and followed at regular intervals throughout the study 

period stored at 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 40

0
C±1 with 75%±1 relative humidity. A 

calibrated ocular micrometer was used to calculate the mean droplet size from 20 droplets 

(n=20) from micrographs of each emulgel sample. 

3.13.6.  Rheological studies 

Brookfield DVIII Ultra Rheometer (Brookfield engineering labs. Inc. USA) was utilized 

for the evaluation of viscosity, thixotropic and flow characteristics of the emulgel 

formulations. The apparatus was fitted with CP41 spindle and an automatic temperature 

control system to get rheological data at 25
0
C ±1. Shear stress, shear rate, viscosity and 

thixotropic parameters of the emulgel formulations were evaluated according to the preset 

program of the rheometer. Spindle speed was set to increase gradually from 10-50 rpm 

with an increment of 10 rpm and again to decrease to 50-10 rpm with a decrement of 10 
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rpm. The obtained rheograms comprising of shear rate and shear stress were analyzed 

using Rheocalc software (V. 2.6) according to the Power law as follows, 

Ű = K ɔ 
n
 

Ű is shear stress   

ɔ is shear rate  

K is consistency index 

n is the þow index 

The rheological evaluation was done for each fresh emulgel formulation and followed at 

regular intervals throughout the study period stored at 8
0
C±1, 25

0
C ±1, 40

0
C±1 and 

40
0
C±1 with 75%±1 relative humidity. 

3.13.7.  Sensory Evaluation 

A paired comparison experimental design was devised to assess the sensory attributes of 

the emulgel formulations. This test was according to the slight modified method adopted 

by Balboa and co-researchers for the topical formulations containing plant extracts 

(Balboa et al., 2017). A panel of 13 untrained male volunteers (25-30 years of age), 

without any skin disorder, were included in this study. They were fully informed about 

the procedure and study goals.  Samples of prepared emulgel formulations, randomly 

coded with three digits, were presented to the volunteers in 50 ml beakers. This test was 

performed at room temperature with appropriate light conditions. The sensory attributes 

for each emulgel formulation were assessed by volunteers on the inner side of their 

forearms. Volunteers were provided with clean water and paper tissues for skin cleaning 

and drying. A questionnaire with seven sensory attributes (physical appearance, ease of 

application, spread ability, sense after application, irritation, gloss on the skin and sense 

of softness) was to be filled by each volunteer. Each attribute was to be given a numerical 

value from a scale ranging from 0-10 (0 = not detected).  

3.14. Optimization of the formulation s 

The developed emulgel formulations were optimized by studying and comparing their 

organoleptic evaluation and in-vitro parameters like pH, electrical conductivity, rheology, 

globule size determination on microscopic examination, phase separation on 
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centrifugation and sensory evaluation were also checked. Owing to this evaluation and 

comparison the final optimized emulgel formulation was subjected to check in-vitro sun 

protection factor and the effects of plant extracts on human skin.    

3.15. In-vitro Sun Protection Factor 

In-vitro sun protection factor of the optimized and stable formulations of each plant was 

calculated by using a spectrophotometer by the method described previously by Dutra et 

al. About 1 gram of sample was made to 100 ml with ethanol in a volumetric flask and 

sonicated for 5 minutes. After sonication, it is filtered through a cotton plug and first 10 

ml of this solution is discarded. Next 5 ml of this was again made to 50 ml with ethanol 

and 5 ml of which was made to 25 ml with ethanol. Then by taking ethanol as blank, the 

absorption of the sample was measured in the range of 290-320 nm every 5 nm (Dutra et 

al., 2004) and Mansurôs equation was applied to calculate the SPF. (Mansur et al., 1986) 

 

3.16. Non-invasive In-vivo Investigations 

3.16.1.  Study Design and Ethical Approval 

A single-blinded, randomized study was designed for the non-invasive investigation of 

emulgel formulation on human skin for 12 weeks. The study was approved by the 

Advance Studies and Research Board, The Islamia University of Bahawalpur (No: 

496/AS&RB) and Institutional Ethical Review Committee of Faculty of Pharmacy and 

Alternative Medicines, The Islamia University of Bahawalpur (No: 45/S-2017/PREC). 

This study was also in accordance with the International guidelines of Helsinki 

Declaration, International Ethical Guidelines for Biomedical Research Involving Human 

Subjects by The Council for International Organizations of Medical Sciences (CIOMS) 

(Sciences, 2002) All the measurements of skin parameters were conducted at the 

Cosmetic lab, Department of Pharmacy, Faculty of Pharmacy and Alternative Medicines, 

The Islamia University of Bahawalpur. A total of 13 volunteers (male, healthy, 

insensitive and non-smoker) of age 20-40 years were selected. Prior to the study, all the 



38 
 

volunteers were educated about the importance, possible risks and protocol for the study 

and they were asked to sign a written consent form as a document of evidence for terms 

and conditions of the study. A dermatologist checked all the volunteers for any type of 

skin disease or damage especially on the skin areas being involved in the study (forearms 

and cheeks). The volunteers were asked to continue their routine diet and to strictly to 

avoid the use of any sort of multivitamin/ antioxidant or skin preparation and so as to 

nullify the chances of potentiation to the research product. All the skin tests were carried 

out at controlled conditions of temperature and humidity (25±1
0
C and 40% Relative 

Humidity). Prior to each measurement of skin parameters, volunteers were asked to stay 

in the normal sitting position in the cosmetic lab for 15 minutes so as they would imbibe 

the inside conditions of temperature and humidity. Each volunteer was provided with the 

two formulations, placebo, and active formulation indicated as ñLeftò and ñRightò 

depicting their application to the respective cheek. They were instructed to use both the 

formulations to the respective cheek twice a day. The measurements were taken at zero 

time, and on 2
nd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 week. 

3.16.2.  Assessment of Primary Skin Irritation by Patch test 

Prior to the study, to rule out any possible skin irritation by any ingredient of the 

formulations (placebo and active formulation), each volunteer was examined by 

performing a patch test. For this purpose, an area of 5×4 cm was marked on each forearm 

of the volunteers. Baseline values for skin erythema index were recorded with 

Mexameter®. Then about 1g of placebo and active formulation was applied to the marked 

area of the left and right forearm respectively and covered with a hypo-allergic surgical 

dressing. After 48 hours, skin melanin and erythema indexes were recorded again.  

3.16.3.  Evaluation of Skin Erythema and Melanin Indexes 

To evaluate skin erythema and melanin indexes, Mexameter® MPA580 was employed. 

The zero hour reading was taken before the application of placebo and active formulation. 

The further readings were taken at 2
nd

, 3
rd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 weeks of the study 

period. Three consecutive readings were recorded and their mean was taken as final 

reading to minimize the chances of error. 
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3.16.4.  Evaluation of Skin Hydration level Index 

The skin hydration level was measured using Corneometer®. The readings were taken at 

zero hour and on 2
nd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 week. Three consecutive readings were 

recorded and their mean was taken as final reading to minimize the chances of error.     

3.16.5.  Evaluation of Skin Elasticity Index 

Elastometer® was employed to quantify the elasticity of the skin in this study. The zero 

hour reading was taken before the application of placebo and active formulation. The 

further readings were taken at 2
nd

, 3
rd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 weeks of the study period. 

Three consecutive measurements were performed on the tested skin area and their mean 

was taken to avoid chances of error. 

3.16.6.  Evaluation of Skin sebum Index 

The skin sebum index was measured using Sebumeter®. The readings were taken at zero 

hour and on 2
nd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 week of the study. Three consecutive 

measurements were taken and their mean was taken for analysis.  

3.16.7.  Surface Evaluation of Living Skin (SELS) 

Visioscan® VC 98 was employed for surface evaluation of living skin (SELS) in the 

current study. The zero hour reading was taken before the application of placebo and 

active formulation. The further readings were taken after 1
st
, 2

nd 
and 3

rd 
months of the 

study period. 

3.17. Mathematical and Statistical analysis 

The percentage change of individual values of each skin parameter was calculated by the 

following formula: 

Percentage change Ə [(A ῐ B) / B] Ĭ 100 

Where A indicates the individual value of each parameter at 2
nd

, 4
th
, 6

th
, 8

th
, 10

th
 and 12

th
 

week and B indicates the baseline value of that parameter at zero time.  
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Data were analyzed using Statistical Package for Social Sciences (SPSS, V. 17.0) 

software. The Analysis of Variance (ANOVA) was applied to assess eventual variation 

between different time intervals and  paired sample t-test to describe any 

difference/variance between two formulations (placebo and active formulation), and Post-

hoc analysis through Least Significant Difference (LSD), which computes ñpairwise 

comparisonsò, i.e. the smallest significant difference between two means variation. A 

difference was considered significant at a P-value inferior to 5% (P<0.05) 
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4.1. Total Phenolic Content 

Total phenolic content in various fractions of MP and PC seed extract was calculated 

using standard regression line (Figure 4.1) for gallic acid and given in Table 4.1.  

Table 4.1 Total phenolic content (TPC) of various fractions of MP and PC seed extracts  

Fraction 
Total phenolic content  

µg GAE/mg 

HAMP 224.38±0.71
a
 

NHMP 171.16±0.53
b
 

CLMP 193.74±0.91
c
 

NBMP 221.16±1.31
h
 

HAPC 229.22±0.68
f
 

NHPC 161.48±1.12
d
 

CLPC 187.29±0.97
g
 

NBPC 211.48±1.23
g
  

GAE=Gallic acid equivalent, HAMP=Hydro-alcoholic fraction of MP, NHMP=n-Hexane fraction 

of MP, CLMP=Chloroform fraction of MP, NBMP=n-Butanol fraction of MP, HAPC=Hydro-

alcoholic fraction of MP, NHPC=n-Hexane fraction of PC, CLPC=Chloroform fraction of PC, 

NBPC=n-Butanol fraction of PC 

Each value is given as Mean ± SD (n=3). Superscripts given as 
a-h

 are significantly different (p  ̓

0.05) from each other. 

 

 
Figure 4.1 Regression line of Gallic acid with total phenolic content 
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4.2. Total Flavonoid Content 

Total flavonoid content in the various fractions of MP and PC seed extract was quantified 

with the help of standard regression line (Figure 4.2) and given in Table 4.1. 

Table 4.2 Total flavonoid content (TFC) of various fractions of MP and PC seed extracts  

Fraction 
Total flavonoid content  

µg QE/mg 

HAMP 186.04±0.65
h
 

NHMP 126.74±0.42
g
 

CLMP 156.97±0.67
e
 

NBMP 166.27±0.91
a
 

HAPC 190.69±0.82
f
 

NHPC 113.95±0.83
b
 

CLPC 165.11±1.26
d
 

NBPC 179.0±1.24
c
  

QE=Quercetin equivalent, HAMP=Hydro-alcoholic fraction of MP, NHMP=n-Hexane fraction of 

MP, CLMP=Chloroform fraction of MP, NBMP=n-Butanol fraction of MP, HAPC=Hydro-

alcoholic fraction of MP, NHPC=n-Hexane fraction of PC, CLPC=Chloroform fraction of PC, 

NBPC=n-Butanol fraction of PC 

Each value is given as Mean ± SD (n=3). Superscripts given as 
a-h

 are significantly different (p  ̓

0.05) from each other. 

 

 
Figure 4.2 Regression line of Quercetin with total flavonoid content 
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4.3. Antioxidant Activity  

According to DPPH method, various fractions of MP and PC seed extracts were found to 

have very good antioxidant activities when compared with standard ascorbic acid as 

represented graphically in Figure 4.3. 

 
Figure 4.3 Antioxidant activities of various fractions of MP and PC seed extracts. Each 

value is given as Mean ± SD (n=3). Superscripts given (a-e) are significantly different (p 

᾽ 0.05) from each other. 
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4.4. Tyrosinase Inhibition Activity 

Tyrosinase inhibition assay was done on all the fractions of the MP and PC seed extracts 

using mushroom tyrosinase. Results are given graphically in Figure 4.4.  

 
Figure 4.4 Anti-tyrosinase activities of various fractions of MP and PC. Each value is 

given as Mean ± SD (n=3). Superscripts given (a-e) are significantly different (p ᾽ 0.05) 

from each other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


























































































































































































































































































