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Abstract

Cosmeceuticals are rapidiyrowing domain of natural skin care industryThey have
natural constituentpossessingnedicinalpropertieswhen applied topicallyintended to
provide beneficial protective effects to tlegenerativeskin. The arrent study was
aimed to develop a stabilized carrier system in the form of topioalgelloaded with
Mimosa pudicaand Psoralea corylifolia extracts Their possible skin effectavere
guantified using na-invasive biophysical techniques after emsgr their
cytocompatibilityand hypeallergenicity After extraction and fractionation with suitable
solvents, he plant extract was evaluated for thealyphenolic content using chemical
and HPLC assayg#\fterward the mossuitable fraction wasmployedio developa stable
emulgel systemafter checking its cellular compatibility by MTT assay using normal
humankerdinocytes(HaCat). Thendevelopedemulgelswere characterized by various
in-vitro parameters i.e. pH change, electrical conductivity, cegatfan, microscopic
and rheological investigatioat different storage conditions of temperature and humidity
and sensory evaluatioBepending upomesults ofthesein-vitro characters, the optimized
formulationfor each plantvas subjected to neinvasie in-vivo investigationdo assess
various skin parameters like erythema, melanin, hydration, elasticity and sebum level
employing human volunteerdMoreover, surface evaluation for living skin (SELS)
parameters such as skin smoothness, skin roughnéssscsfinessand skin wrinkles
were also evaluated he results weranalyzedusing various statistical techniques like
ANOVA and pair samplé-test.Results showed that a staleleulgelsystem loaded with
Mimosa pudicaandPsoraleacorylifolia extracts ld significant beneficial effectsiskin
when compared with placebdrurthermore, it increased skin smoothness while

decreasingts roughness, scalinessmdwrinkles.

From the presentstudy, it is concluded thad#limosa pudicaand Psoraleacorylifolia
extract loaded stablemulgelis possible to develop thabuld be a great strategy to deal
with various degenerative skin conditions and improvantegrity.

Key words: Cosmeceutials, Mimosa pudica Psoralea corylifolia, HPLC, emulge)
MTT, HaCat, norinvasive, erythema, melanin, elasticity, hydration, sebuBELS,

smoothness roughness, scdiness and wrinkles
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1. INTRODUCTION

The use of natural products like plants, animal and minerals as therapeutic ageotd is a
as human civilization(Rates, 2001 Still today, millions of people around the world
consume natural anglantbased medicinal agents for a variety dfiealthrelated
problems. The socieconomic status of rural parts of developing countries contributes to
the usagef theseplantbasedmedicinal agents. This has leddanincreasdn the search

of plants with profound medicinal properties used by the local commu(iitssukobe

et al, 201). The main beneficial aspects of usiplgntderivedmedicinal agents are they
are much safer than their syntheticsemisyntheticalternativesand ae easily available
(Teklehaymanot and Giday, 2007

Despite havi ng osmecelticdigi® commomrlyl wsed, for @dSmetic
preparations possessing constituents promating-like benefits. Thus, a cosmeceutical

is a product which holdsictive ingredient with medicinal properties and manifests
beneficial actions against degenerative skin conditidiigey improve appeaarce,
texture andtone ofthe skin by giving necessary nutrients, thus, minimizing the signs of
skin aging(Ribeiro et al, 2015. Phytotherapys about the use gilantderivednatural
medicinal productsaand activeprinciples from plants such as polyphenols, flavonoids,
alkaloids, glycosides, terpenoids, sterpmisdtannins etc. havgained much attention in
recent years. They possess diversified medicinal properties such as antioxidant,
anticancer, antibacterial, antifungal, hepatoprotective, regeneration and antiaging
names to fewArokiyarajet al, 2012.

Mimosa pudicas a Chinese herb and ornamental plant. Among other names, it is known
as sleeping grass, touch me not, senspiamt, shy plant, sleeping grass, Ghuii. Its
seismonastiandthigmonasticproperties ¢losure of éavesn response to certastimuli

like touch, vibration, wind, light, cold and heat) contribute to its ornamental usage
(Genestet al, 200§. Phytochemical ingstigations othe plant showed the presence of
alkaloids, Cglycosides, flavonoids, tannins, nprotein amino acids like mimosine,
sterols, terpenoids and fatty acideseet al, 2016. It has been widely used for treating
insomnia, neurasthenia pulmonary tuberculosis and traumatic injury in traditional
Chinese medicingruanet al, 2007.

Psoralen corylifolia owesits name fromGreek wordpsoraleos meaningaffectedwith
itching or leprosy Psoralea species are indigenous to Ame(idaisch, 1889 but
Psoralea corylifolia is widely distributed throughout the Himalayan regions of Pakistan,

India, andChina(Wanget al, 2009. Phytochemical investigatioinsve revealed that the



plant is rich ina variety of bioactive phytoconstituents like flavonoids, flavones,
monoterpenes, coumarinshalcones, resins, lipids arstigmasteroids(Zhang et al,
2016. The plant has very promising role in treating skin conditions like Psoriasis,
Leukoderma, Vitiligo, Eczemanditching. Moreover it has been used as aoptidant,
antimalarial, antrmicrobial, antiprotozoal,antidiabeticand in osteoporosiqLi et al,
2016.

1.1. The dbjective of the Study

The study hadhefollowing main objectives:

Study of natural ingredients on humamns

To prepare and characterize the extracts Mifmosa pudicaand Psoralea
corylifolia

To quantify total phenolic and total flavonoid content

To evaluate antioxidant and tyrosinase inhibition activities

To evaluate the presence of polyphenols in extractdRiC

= =A 2

To develop a stable carrier system in the formeofulgel loaded with these

extracts

1 To evaluate topicalemulgel formulations on the basis of pH, electrical
conductivity, microscopic and rheological analysislifferent storage conditions
for a perod of three months
To doasensoryevaluation of the developed formulations
To conducta norrinvasivein-vivo evaluation of stablemulgelon human skin to
study different skin parameters in comparison with pladeba period of three
months

1 To study suface evaluation of living skin (SELS) in comparison with plackelno

a period of three months



Chapter 2

LITERATURE
REVIEW



2. LITERATURE REVIEW

2.1.Mimosa pudica

Mimosa pudicas a Chinese herb and ornamental plant. Among other namesnavisik
as sleeping grass, touch me not, sensitive plant, shy plant, sleeping grasauCligi
seismonastiandthigmonastigproperties ¢losure of €avesn response to certastimuli

like touch, vibration, wind, light, cold and heat) contribute todtsamental usage
(Genestt al, 2009. The plant is indigenous to Brazil but found throughout the world. It
is annual shrub havinipe erectstem inthe youngplant but becomes creepy with age. Its
height ranges from-2 m. Leaves are compound comprises <& fiimnae with 1525
leaflets in each pinna. Petioles are red in color with pink filaments. Fruits Hayoas
that are 11.5cm long and 3mm wide. Each fruit pod haS &gments with embedded
(2.5mm long) brown colored seeduhammacdet al, 2019.

It has been widely used for treating insommaurasthenigpulmonary tuberculosis and
traumatic injury in traditional Chinese medicif¥uan et al, 2007). Phytochemical
investigations ofthe plant showed the presence of alkaloidsgi@cosides, flavonoids,
tannins, norprotein amino acids like mimosine, sterols, terpenoids and fatty @lde
et al, 2016. The leaves of the plant contaarenalindike substance. Rootsontain
crocetin ascorbic acid, Blucuronic acid, palmitic acid, linoleic acid, Rylose,
mimosine and b-sitosterols. Aqueous root extrgobsseses ant-venom properties and
has been used to neutralize ththality and myotoxicity of cobra venofMahanta and
Mukherjee, 2001

The plant is also useful for leukoderma, inflammation, ulcemeallpox burning
sensationsstrangury dysenteryyaginopathy spasmodic conditionsindfevers. Laves

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, tannirggjinines coumarins and saponins in the leay@skha

and Sundararajan, 20L0'hey are bitter in taste and ali@phoretichencevery useful in
conditions like hemorrhoids hemorrhageshydrocele conjunctivitis, cuts and wound
managemenfAhmedet al, 2014. The roots of the plant contain alkaloids, flavonoids,

phytosterols, amino acids, glycosides, tannins and fatty @eaigle and Pathak, 2010



In folk medicine, various parts of Mimosa pudica has been used for a variety of ailments
like diarrhea, dysentery, fevesmal pox, leukoderma, asthma, jaundice, ulcers, fistula,
hemorrhoids, wourgl and scorpion and snhake bitdhe pant has 4 lobed, ovate and

oblong, pale pink and purple flowgishmadet al, 2019.

There are B pods of 12cm length are found in each fruit. Each pod breaks ifio 2
segments that contain 2.5mm long, brown colored seeds. Theresgpollination that
occurs through winénd insects. Seeds are oval and elliptic WitBcm length and 2.5

mm broadKashmiraet al, 2011).

2.2.Psoraleacorylifolia

Psoralea corylifolia owesits name fromGreek wordpsoraleos meaningaffectedwith
itching or leprosy Psoralea species are indigenous to Ame(Maisch, 188) but
Psoralea corylifolia is widely distributed throughout the Himalayan regions of Pakistan,
India, and China (Wang et al, 2009. The pantis an erect herb that grows as tall as
180cm. It can withstand with every soil type and in acidic, basic as wéleasutral
environmentBut 1t requires warm | ocat(Nanesal,and
20138.

The fruit is perennial with no odor and resunpleasantacrid and bitter tast&he pgant

bears re clover shaped purple colored flowers with blue tints. There are ovoid shaped
pods are smaller in size (3485mm) having dark chocolate color. Eaocbdpcontains
single hairless seed withsmoothsurface. Seeds are compressed, pitted and dark in color
(Krishnamurthi, 1969

In Chinese medicine system, the plant is thought tavdren, hence used for kidnend

spleen disorders. Despite this, the seedshefplant are used as diuretic, laxative,
anthelmintic, aphrodisiac and febrile conditions. The paste of the seeds has been used
externally for psoriasis, eczema, leukoderma, alopecid inflammation (Alam et al,

2018 Huang, 1998 In Ayurveda, various formulations of seeds of this plaese been

used for various skin disorders like scabies, ringwdemkodermiclesions, dermatosis,
bilious disorders and in scorpion snhake bitthe plant has aiasthmatic and cardiac
effects(Deshaprabhu, 196&hanet al, 2015 Sharmeet al, 2000.



Phytoclemical investigationbave revealed that the plant is rich @&variety of bioactive
phytoconstituents like flavonoids, flavones, monoterpenes, coumarins, chalcones, resins,

lipids andstigmasteroid¢Zhanget al, 2019.

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

corylifolia are aphrodisiac and has been used to treat decreasedBiaglear, 198p

The whole plant containdPsorlen Isopsoralen, Neopsoralen, Psoralidin, Corylifaimd
Corylin (Guptaet al, 2013. The plant has very promising role in treating skin conditions
like Psoriasis, Leukodermayitiligo, Eczema and itchingBeena et al, 2010,
Antibacterial including MRSA(Wang et al, 2013, Antiprotozoal(Ling et al, 2013,
Anti-Alzheimer (Chenet al, 2013, Antioxidant Antidiabetic (Behloul and Wu, 2013
Wanget al, 2013 and in Osteoporosi®Venget al, 20195.

The leaves of Psalea corylifolia are broad and elliptic with marginal dents. There are
also white hairs on lowemad upper surfaces of the leaggishnamurthi, 1969 They
reportedly have antioxidant potent{&hindeet al, 2010Q.

Bioactive compounds contained in fruits of Psoralea corylitiéasimilar as investigated
in seeds. Despite these compounds, some isoflavonoids are also present in fruits like
Genistein and Daidzeifsehrawatt al, 2014. Fruits of Psoralea corylifolia are reported

to have antibeterial (Leeet al, 2015 and AntiAlzheimer activity(Somaniet al, 2015.

Roots of Psoralea corylifolia are also investigated for bioactive compounds and found to
possesdsoralnenand Isopsoralen which are responsible for their biological activities
such as antibacterigbivaet al, 2019.

Most of the bioactive compounds of medicinal interest are present in seeds so the seeds of
Psoralea corylifolia have been thfe main focus. Thee is a variety of diverse bioactive
compounds such aBsorlen Isopsoralen, Bakuchiol, Bakuchicin, Bahat, Isobavachin,
Bavachinin, Baachlcone, 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 usedhadicinalagent 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, 2009, Antiviral (Kim et al, 2014,
Antifungal (Hosamankt al, 2012 Lau et al, 2014, Anticancer and apoptot{timper et

al., 2013, Protective(Kim et al, 2013 Parket al, 2005, in OsteoporosigLiu et al,



2014, Anti-depressanfFarahanet al, 2015, Antidiabetic (Ghoshet al, 2009 Wanget
al., 2013, Neuroprotetive (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’'lne main function of

the skin is to act asa barrier, giving protection to the internal organs of the body. Apart
from this, it also many other functions such as excretieyention of water loss and
thermoregulation, sensation, and vitamin D synthe&isAlthough the thickness of skin

is not uniform and its site-specific such as hidden parts has thinner skin than exposed
ones, its average thickness is betwe&@mitn (Kusumaet al, 2010.

There are three distinct layers which constitute the s&mely; Epidermis, Dermisand

Hypodermis

2.3.1. Epidermis

The epidermis is the outermost layer thie skin. On average it is 0.2mm thick.
Structurally, it is stratified squamous epithelial cell layer, mainly composed of
keratinocytes and dendritic cell&eratinocytes being primary cell type constitutes bulk
(95%) of the epidermisThe eidermisis continuously replacing and renewing itself.
Keratinocytes proliferate in lower layers, undergo keratinization and migratbeto
surfaceof the skin where theform a superficiallayer 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 takes580days. The major function of
keratinocytes is to acas a barrier against water loss, UV irradiation and invading
pathogens like viruses, bacteria, parasites and f(Mgnon, 2a5, Yagi and Yonei,
20138.

In addition to these, epidermis also contains other cells such as Merkel cells, Langerhans
cells and Melanocytes. The Merkel cells are regarded as a propagatithe akrvous
system and involved in sensation. They@ralshapecells present ithe basallayer of

the epidermiswhere they are linked with nerve endings to feel touch sensation. They are
densely present ifinger tips lips, digits and oral cavitfMaceo, 201}



Langerhans cells are derived from bonarrow and present in all layerstbk 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, theyove towards the lymph nodes and present the invaded
pathoges to lymphocytes. This process provokes the antibody production as immune

responségScanlon and Sanders, 2018

The Melanocytes are a type pigmentproducingdendritic shaped cells that owe their
origin from neural crest a&nembryonicstage. They are confineshore and often, to the
basal layer of the ski(Chu 2013. The number of melanocytes in an individualtioé
samesize and age is approximatehe samebut with different level of activity. And the
activity of melanocytes is a hereditary and genetically controteati Thedark-colored
individuals have more active melanocytes than fair skinfidwk prime function of
Melanocytes is Mlanin productiona darkcoloredpigment. Its production is triggered

by the sunlight or UVR exposure of the skin. The produced mrelarntransferred 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 gsicanlon and Sanders, 2018
Layers of Epidermis

Epidermal layer is subdivided into five distinct sublayers namely (from deep to
superficial) stratum basalstratum spinosufrstratun granulosumstratum lucidumand

stratum corneum.

2.3.11. Stratum Basale

Stratum basale is also calledsigatum germinativunand is regarded as the basehs

epidermis

The cellsof this layer are ottuboidal toa columnarshape having a large neds 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 nofncanditions. This mitosis becomes

fast under conditions likevounding The migration of a cell from the basal layer to the

superficial layer takes place in about 28 days.



2.3.1.2.Stratum Spinosum

Above the basal layer, is al® cell thick layer of cafld stratum spinosum. It consists of
cuboidal cellsof 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 & 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 -kgadioe
granules These cells are involved in the further keratinization of the epidermal cells. This
layer differs considerably in thickness at different parthhefbody 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 pa(islarsick et al, 2011, Kusumaet al, 201Q

Menon, 2015

2.3.2.Dermis

There is much thicker layer is present beneath the epidermis that is constituted of
irregular fibrougissues. 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 seocistan
fat cellsand 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 environme(@asey, 200R

2.3.4.5kin Appendages

2.3.4.1.Sebaceousslands

These aremicroscopicsac presenthroughoutthe skinexcept lips, buccal mucosa, foot
solesand palms etc. These glands together with hair follicles constitutesdbié@eous

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

11



cholesterolwax esters andiglycerides(Kolarsick et al, 2011 Mescher, 2018 Sebum

helps to inhibit the microbial growth but too much of its secretion is associated with
increased bacterial gwth. 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 allover the body with higher density at palms, splgper lip andoreheadThese
glands are present in dermis but their secretory duct opens on the skin surface to release
sweat. Sweat iproduced by these glands functidnsmaintain and normalizehe body

temperature.

Apocrine sweat glands are mostbund 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, 2002Scanlon and Sanders, 2018

2.3.4.3.Nails

These are dermal ppndages of body that cowdorsal parts of the peripheries of fingers

and toes. It comprises of three parts, namely; nail root, nail body and free edge. The body
of nal 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 (Kamitakis, 2002Kolarsick

et al, 201). The nails are involved in sensation, providing protection to the fingers and

toesand act as natural weapdifossiet al, 2003.

2.34.4.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 genitalléanitakis, 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 arequited, thicker and longer than rest

of the body(Krause and Foitzik, 20Q06Hair 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 follicleisani mpor t ant growth component of the
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 har. While, cortex is the peripheral portion of the hair that gives physical and
mechanical support and is made up of macrofibrilsg8®%). The cuticles are composed

of flat cells that wrap the shaft from root to the (Bpffoli 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 protentie provided by melanocytes.

2.3.5.2.Dehydration

Water or moisture is an important part of skin physiology13% of basal layer) and
helps to maintain its integrity. There is continuous water evaporation finenskin
surface termed as Traepidermal water loss (TEWL). Straturarneum provides active
barrier against this water loss frahe 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, mei s s

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 bétgaten
generated in the body versus heat dissipated. Sweat glands are the chi&d bejprout

this thermoregulation. In hot conditions, the blood vessels in the skin dilate and sweat
glands become active. While, in colder situations the blood vessaicbto preserve

body heat.
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2.3.5.5.Vitamin D synthesis

Vitamin D synthesis is reother 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 ifvitam

D) when exposed to sunhg

2.3.5.6.Absorption

Skin has the ability to absorb certain substances d@pgmupon their physicochemical
characteristics. Water and oxygen are absorbed through skin. Certain drugs such as
topical steroids are absorbed through skin when applied thypiflaai-Cheong and
Mcgrath, 2009Menon, 2015Montagna, 2012Waugh and Grant, 20).4

2.4.Skin Aging

The process of skin aging involves many different factors like intrinsic factors,
genetically programmed processes and environmksot @lay very impdant role in

aging of skin.

2.4.1.Intrinsic Skin Aging

Intrinsically photo agedskin is different from aged skin in a way that aged skin is thinner,
more pigmented and fold accentuation is [g3sheret al, 2002. Main factor invdve in
intrinsic aging is time and ROS formation continuously take place that result in
endogenous damage. ROS is very reactive species and very strongefeusesystem

in the form of antioxidant result in serious damage to body and cells their membrahe
also to DNA and enzymegraar and Gilchrest, 2003It has both genetic as well as
decreased or imbalanced hormones backgrgdtidopp et al, 1999. A cell replicate
about 60 to 70 time in life cycle after that they are unable to proliféEdgau, 2008
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2.4.1.1. Racial Variations

nhi

bit

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

in skin. Resistanct® ageing can be seen more in Afric&merican 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 pr@@&ebison, 1999

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

ascompared to CaucasiafSudelet al, 2005. When skin gets old it becomes thin and
flattened and its elasticity becosless. Fibroblastbecome less in number that leads to
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general atrophy. Breakdown of protein in extracellular matesult in low level of
collagen and elastin in sk{€allaghan and Wilhelm, 2008

2.4.1.2. Anatomical Site

While studying body sites some parameters of skin showed marked devi@tiens.are
large variations in skin thickss, blood flow, lipid composition, rigidity and hydration
with respect to body site. These factors cumulatively affect chronological skin aging
(Singh, 200%.

2.4.1.3. Hormonal Variations

Hormones also play a vital role in intrinsic skin aging proseBiscrepancy 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 epiaeand dermal
layer(Farageet al, 2009.

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, skomies coarseness,
atrophy started and also becomes inela&igppaet al, 2011). The major factor to
extrinsic skin aging is UVfadiations. 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 et¢Baumann, 2007Friedman, 2006 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 bdmetween dermal and epidermal layer and uv
light decreased their production so this bond become weekend and results in formation of

wrinkles (ContetAudonneatet al, 1999.
Factor Influencing Intrinsic Aging

Extrinsic skin agings 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 felRuizinalvic, 2008. Temperature and humidity also

marked effect on ageing because lipids and structural protein in the cells depends on
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water content in the skin. Normal temperature keep the skin healthy, however an increase
in temperature inease 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 efdacksoret al, 1993 Mccallion and Po, 1993

2.4.2.1. Smoking

It is well documented that cigarette smokingslstrong association with telangiectasia,
elastosis and premature skin aging in both séxesw and Maibach, 19980xygen and
nutrients are esadal 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
hardnessand 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 elastioggrelases. Wrinkles that appeer Kkin

may be due to nicotine that cause vasculature to con$ftaeeover, chronic smokers
donodot r e swriokle therapgCastemBrancoet al, 1998.

2.4.2.2 Ultraviolet Radiations Exposure

UVR exposure is the major and most important contributing environmizaialr that
contributes to extrinsic skin aging. It is responsible for approximately 80% of facial skin
aging(Friedman, 2006 Level of melanin in the skin dependsexposure to sunlight and

it varies from time to time. Extra exposure to sun light causerease production of
melanin in skin. Those individuals that that have genetic problem their skin damaging

start to take place from start of their |fghode<et al, 199]).

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 samdighis 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 lorif§ambandan and Ratner, 2D1%unscreen masks can

play very important part in prevention of phatging, sunscreens contain those
ingredients that can absodl/ radations 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 wks by absorbing UV radiations and inorganic

compounds works by reflecting the UV ligiwang 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 ofakinecmade slow.

And use of antioxidant in repairing of skin damage is widely studied. Antiosdaat
directly in link to slow the ageing. Antioxidants works by different mechanism like by
cancelling the reactive oxygen species, stopping the peroxidafidipid and also

activate the natural system of antioxidant tin the b@hrciaet al, 2009.

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 haversoiattular weight
(Bissettet 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 aagiing effect. This vitamin act by producing
Col-1 and Col3 and also produce cofjan by production of enzymes and also induce
matrix metalloproteinase inhibitodNusgenset al, 200J). 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 skythema and pigmentations
(Bissettet al, 2004. Vi t a +#ocopherBl) céntiibute to skin photo protection by its
antrinflammatory, epithelialization and skin hydrating potentiahai et al, 20035.
Vitamin A (retinol) and its derivatiehave antioxidant potential and can trigger the
collagen synthesi attenuate its degradation lpllagenase Retinol is very popular
substance used as an aging agent in skin care productsafi et al, 2007 Varani et

al., 2000.

18



2.4.3.4. Polyphenols

Polyphenols are very important component as skinagitig. And plants are rich source

of polyphenols. The are different studies that hapeoved 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 @gdifgo et al, 2010.
Approximately 800 thousand phenols have been known and oved #@fusand
flavonoids have been screened from plant kingddmsao, 201 Interesthas 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, mmune regulating as well as aoiidation properties are well reputed
compounds that can be used against different skin abnorméhlieisols 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 stomtiadito damage skin by blocking their
entry irto 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 DMAain advantage of applying topical antioxidant iatth

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 enzyrpestent skin
protein damage, so in this way aging is contro{lathols and Katiyar, 201illich et

al., 2015.
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2.4.3.5Minerals

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

of synthesis of collagen as well as melafickartet al, 2019. Selenium prevent skin

from stress caused by oxidati(Raffertyet 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 ldrogel and emulsion and proves to be adbetption for hydrophobic
drugs(Beheraet al, 2015 Donget al, 2015 Soltani and Madadlou, 201§armaet al,

20149). In case of dermatological purposes Emulgel possesses many favorable advantages
as they arethixotropic, emollient, greaseless, easily spreadable, easily washable,
nonstaining, having greater shelf life and arefoiendly (Asharaet al, 2014 Kute and
Saudagar, 20)3Dermatological preparations are diverse in consistency and formulation
from liquid to powde 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 andosmetics fieldThese 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 ointmerftshullar et al., 201). 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 tioeint 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 botlwrplaceutical and cosmetic figldiain

et al, 201Q Khullar et al, 2011, Panwaret al, 2011, Singlaet al, 2019.
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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 symmit forms the system thixotropiteeet al, 2009 Singlaet al, 20139.

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 molecula interactions of polymeric substances. Such interactions are attributed to
either some chemical (with some suitable chemical reagent) or physical (change in
temperature or pH) activityPrajapatiet al, 2013. There are a variety of polymeric
substances that possess gelling fornthgracteristics. 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 areowimn mon irritant and
biodegradablg(Prajapatiet 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 gung§oybean lecithin, Carrageenans, Alginic acid as well as Starch
etc(Goswami and Naik, 20}4

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

Gums are plant hydrocolloid polysaccharides and consideoedet the natural
pathological exudates obtained by giving injury to the plant or by unfavorable conditions
(drought) by cell wall breakdowrirhey belong to the family of natural condensation

polymers(Daoubet al, 2019.

Locust bean gurwhich is also termed as carob gum is inedrfrom the grounded seed
endosperm of planteratonia siliquaof Leguminosae familySikoraet al, 2017. It is

high molecular weight branched chain polysaccharide. It is called as galactomannan as it
contairs 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 solublizafigaity and Ghosh, 20261t is

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

stabilize the emul sions at(Hussaretyl,209w conc e
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Xanthan gumis a microbial extracellular polysaccharide obtained from bacterium
Xanthomonas campestrit is widely used in pharmaceusic 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 artd.988 molecular weight ranges from
2x1@ to 20x16 Da. It is non toxic anchon sensitizing so does not cause skin irritations

hence widely used in dermal formulatiqi@a r -©@heeet 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 paeptions sch as Carbap®s, Poloxamers and

carbophils etc.

Carbapolsare 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 gihhviscosity, harmless, inexpensive and ease of
preparation. These properties make them as promising and very good gelling agent in
pharmaceutical fieldFresnoet al, 2002. Due to their high hydrophilicity, they can
absorb as much water as up to ten times giee 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 an@low 5 may also be used but higher concentration of
the polymer will require achieving that level of viscosiibdullah 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 applicatioh@pblymerMostly cabapol 930,

934, 940, 947, 974 and 1342 grades aexun topical emulgel systerfiselessidiset al,

20117).

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 dependgizthu et al,, 2013.
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Poloxamersis a family of triblock copolymers of polygethylenepolyoxypropylene
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(Almeidaet al, 2019. 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 pharntddatmulations. The
gelation or viscosity depends is attributed to the concentration and temperature. Normally
20% to 30% concentration of the polymer is u@earhi, 2018

2.6.Non-invasive Biophysical Probes Used in Dermatological Testing

Noninvasivemeans an instrument or procedapecifically devoid of incision or blood
lossand involved in a minimizetemporary functional or structural alteration to the body
(Rogierset al, 1999.

2.6.1.Mexameter®

Mexameter® isused to quantify the skin erythema and melanin indexes. ifdtrsiment

works on the principle of ligt 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 lightgets 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 indeom 660 and 880nm respectivglyvan

et al, 20179.

2.6.2.Corneometer®

Corneometer® i€mployed to measure the skin hydration level in thisystlile 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 measutieteesic constant
dependent capacitance changes of water. The measured value is displaced as arbitrary
units(Manosroietal., 201J).
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2.6.3.Elastometer®

Elastometer®s awidely used elasticity measuring probe. It allows quick and convenient
guantification of elastic properties of the skin with gasyuser interface. It works on the
principle of theresilientability of the skin when disturbed (suction and stretching). The
measured value idisplayedin the LED display present on the instrument imi® of

percentage of elasticiffCourage+Khazaka, 2018

2.6.4.Sebumeter®

Sebumeteé® is awidely used equipmertb 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 termedsesumetetape. When this tape is
brought iro contact with skin sebum, it becomes transparent. After inserting it into the
device aperture, its transparency is measured byopélb by the emission of light
(Marques, 201p

2.6.5.Visioscan® VC 98

Visioscan® VC 98s a widelyemployedinstrumentfor surface evaluation of living skin
(SELS). It isa uniqueinstrument that is embedded withU&/A-light video camera of
very high resolution toexaminethe skin surface directlyThe probe of Visioscan®is

equipped withtwo oppositely rotating halogetamps which are capable of uniform
illumination of the skin. Basic principle ofthis is based um evaluatiorof an image of
living skin taken undecertain illumination. The picturebtained is finally electronically

processed fogquantitative resultéKhazaka, 2000
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3. Material sand Method

3.1. Chemicals

The following chemicals and equipmentre used duringurrent research study. All

chemicalsvere of analytical gradexcept phenolic and flavonoid reference standards

which wereof HPLC grade and are givenTrable 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
Triethanolamine
Prpylene glycol
Carbopol 940

Span 20

Tween 20

DPPH

L-Dopa

Mushraom tyrosinase
Kojic acid

Ascorbic acid

Gallic acid
Chlorogenic acid
Luteolin

Fisetin

Apigenin

Naringenin

Quercetin
Epicatechin

Ferulic acid
Hyperoside

Rutin
Apigenin-7-O-glucoside
Chrysin

Benznetriol

MTT 98%

Human keratinocyte (HaCat cells)
Fetalbovine serum

Dul beccobds Modi fi

Merck, Darmstadt, Germany
Merck, Darmstadt, Germany
Merck, Darmstadt, Germany
Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA
American Type Culture Collection
Gibco, USA

e d Gibco, USA



PBS Gibco, USA

TrypsinEDTA Gibco, USA
Penicillin Gibco, USA
Streptomycin Gibco, USA
Fluorescein diacetate ThermoScientific, USA

3.2. Equipment

All the instruments anapparatus used this research workerevalidated/calibrated
(where applicableand are shown iable 3.2

Table 3.2Apparatus/Instrumes

Apparatus/Instrument Manufacturer
Rotary evaporator Heidolph, GmbH & CO. Germany
HPLC Waters BreezeE HPLC
UV spectrophotometer (UV 4000
ORI) Germany
Microplate Reader Synergy HT BioTek Instrument, USA
Refrigerator Dawlance, Pakistan
Homogenizer Germany
Hot incubator ( MIR162) Sanyo, Japan
Digital Humidity Meter TES Electronic Corp, Taiwan
pH meter WTW pH-197i, Germany
Optical microscope Eclipse E200, Nikon, Japan
Electrical balance Precisa B<210, Switzerland
Conductivity mete WTW COND-197i, Germany

Courage +Khazaka Electronic GmbH,
Mexameter® Germany

Courage +Khazaka Electronic GmbH,
Corneometer® Germany

Courage +Khazaka Electronic GmbH,
Sebumeter® Germany

Courage +Khazaka Electronic GmbH,
Elastometer® Germany

Courage +Khazaka Electronic GmbH,
Visioscan®VC 98 Germany

3.3. Collection of Plant material

Psoralea corylifolia(PC) andMimosa pudicaMP) seeds were purchased fronmerbal
drug store in Bahawalpur, Pakistan, and identified by an expert botanist from the
Departmenbf Life Sciences, The Islamia University of Bahawalpur, Pakistaucher
specimen for Psoralea corylifolia (7437/LS) and Mimosa pudica(7436/LS) were

submittedtherefor future reference.
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3.4. Extraction and Fractionation of Mimosa pudicaseeds

The coarsgeowder ofgroundseedg250g)was subjecia to 3 cycles of 800m¢thanol
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 egaporat
Final conentratedextract upon dryingvas weighed andalculatedpercentage yielevas

519 (20%. Out ofthis, 16g was retained as Hydatcoholic fraction oMP (HAMP) and

the remaining was suspendéad deionizedwater and then successively extracted to
fractionaton with n-Hexane, chloroform and-Butanolin increasingorder of polarity.

The resuing fractions were named d&8HMP (6g), CLMP (14g) and NBMP (129)
denoting n-Hexane, chlorofon and n-Butanol fractions ofMP respectively. All the

extracts in sealed ctainers were stored in thefrigeratorfor further evaluation.

3.5. Extraction and Fractionation of Psoralea corylifoliaseeds

The coarse powder gfroundseedg250g)was subjecta to 3 cycles of 800m¢thanol
water (80:20; v/v) extraction at room temperat (each with 3 days soaking). The
resultant extract was filtered followed by concentrated using a vacuum rotary ewaporat
Final concentratedxtract upon dryingvas weighed andalculatedpercentage yielevas

629 (2%6). Out of this 20g was retained as$ydro-alcoholic fra¢ion of PC (HAPC) and

the remaining was suspended deionizedwater and then successively extracted to
fractionation withn-Hexane, chloroform and-Butanolin increasingorder of polarity.

The resuling fractions were named a@8HPC (7g), CLPC (17g), and NBPC (14g)
denoting n-Hexane, chlorofon and n-Butanol fractions ofPC respectively. All the

extracts in sealed containers were stored imefr@yeratorfor further evaluation.

3.6. Total Phenolic Content (TPC)

Ki m6s met hod odificatiors wasl adogtadt to gunantify the total phenolic
content (TPC) in the plant samplésim et al, 2003. 1.0 ml of FolirCiocalteu 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 NaG; (7 %) was added arttiefinal volumeof 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 pg of

Gallic acid equivalents (GAE)/mg of tladey weight ofthe plantsample.
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3.7. Total Flavonoid Content (TFC)

Parfkb s met hod with slight modi fications wa
content (TFC) in the plant sampléBarket al, 2009. 0.1 ml of 0.3 mol/ L AIC}.6H,0O

was added to a mixture containing 0.3 ml plant sample and 0.5 mol/L NaN&h 3.4

ml of 30% methanol was added to the above mixture and absorbance was recorded at 506
nm. Tot al pbavonoid content (TFC) was exp

of thedry weight ofthe plantsample.

3.8. Antioxidant Activity

Maj i do6s mdightnodificatvand was adopted to perform démtioxidantactivity

by DPPH radical scavenging with Ascorbic acid g®sitivecontrol (Majid et al, 2015.

24 mg of DPPH was dissolved in 100 ml of methanol to madtecksolution which was

stored at 28C. About 3 mlof 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 thpercentnhibition was calculated by tHellowing relation.

Percent inhibition=(Abs.d contr ol 1T Abs.of sample)/ (A

3.9. Tyrosinase Inhibition Assay

Ki mbs method with sl ight mtheTyrbsinasanhibitomn s wa
assay of the plant samples with Kojic acid apaaitive control (Kim, 2007). In this

method 60 units of enzynwereadded to 150ul of buffer (50mM of pH 6.8) and 10ul of

test compound in each well were incubated
read was recorded at 480nm. Then 1mM of substrate per well was addedranubated

at same condition for 30 minutes. After re incubation absorbaaseagain measurest

the same frequency. The resultwas measured byhe following formula. IGgiwas

calculated by making serialdilution of theoriginal concentration.

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

3.10. HPLC Analysis

HPLC analysisfor Phenolic and flavonoid compounds was performed using Waters
Breez& HPLC system wi-18HKH150a3m,B5m zolunthBatd 1525
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Binary Pump. The system was equipped with 717 plus Autosampler (injection volume of
10ul), inline Degasser and 248V Detector.Column oven temperature was set t8@G0
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 micréfilters. Gradient elution system was used with two mobile phases. Mobile
phase Wwas40mM potassium dihydrogen phosphate (pH 2.3 with 85% Orthophosphoric
acid wherea mobile phase 2 was Methandhe gradient elution wa@5% A to 58%A

over 52.5 mins58:42 (5257 min) then again to initial composition (60 min) at &low

rate of 1ml/min and allowed to run for another 10 min before injecting the next sample. In
preent study 13 standards of phenolic and flavonoid compounds were used including
Gallic acid, Chlorogenic acid, Epicatechin, Ferulic acid, Hyperoside, Luteolin, Rutin,

Fisetin, Apigenir7-O-glucoside, NaringenirBenzenetrigl 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 formulatgincompatibility assay

was performedFor this purposegffect ofhydro-alcohdic fractions (HAMP and HAPC)

of Mimosa pudicaand Psoralea corylifoliaseed extract on the cell viability of normal
human keratinocyte (HaCat cells) cell lmas evaluatedThe cells were incubated with

varyingconcentration$1-3000 pg/ml) of theeextracs.

3.11.1. Cell Culture

Nor mal Human keratinocyte (HacCat <cell s) w
Medium supplemented with a mixture dfetal Bovine serum FBS) (10%) and
penicillin+streptomyat 3y °C(il 8 6% /CQ |huiiddi€d ¢ g/
incubator (Thermo Scientific, Waltham, MA, USA). The stock cultures were grown in 25

cn?’ culture flasks and all the experiments were carried out in 60Petriplates.
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3.11.2. MTT Assay

The assessment of HaCat cells cytotoxicity was done using the MTT. 8sedly, cells
were seeded in 9@ell plate (10" cells/well) and cultured for 24 hours to allow them
attach to the surfacélext, theywere incubatedavith varying concentrations (1, 10, 100,
500, 1000, 2000 and 3000 pg/ml) of HAMIAd HAPCfractions intendedto be used to
formulateemulgelfor 48 hours. Untreated celigere used @a control in the experiment.
Next, 20 pl of MTT solution in PBS (%ng/ml) was added toeachwell and after
incubation for4 hoursat 37°C, 150 pl of DMSO was added. Finally, thbsmrbance was
measuret 490 nnusing a spectrophotometer.

3.11.3. Cellular Morphology

HaCat cells were seeded inn@ll plate (1x104 cells/well) and incubated at 37°C for 24
hours. Then cells were incubated with the different concentrations (1, 10, 100, 600, 10
2000 and 3000 pg/ml) of HAMRNd HAPCfractiors for 24 hours. Nxt, cells were
incubated at 3C 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 threethimes wi

PBS. Finally, the cells were observed unalfuorescencenicroscope

3.12. Formulation Development

A total of 12 (six for each plant extracgmulgel formulations weredeveloped using
varying concentrations of gelling agemnts. Natural aad synthetic by Bght modification
of reported metho@Khullar et al, 2012. Natural gelling agent was Xanthan g{XG)
while synthetic one waSarbgol 940(C-940).

The feed ratios of the concentrations éaich respective emulgate mentioned inTable
3.3and3.4Two sets (each with 3 formulations) each planbasedemulgel formulations

were fabricated with percent concentrations of gelling agent as variable factor. In first set
of formulationsMPC andPCC (11 3), the C-940 content was varied fromi B %. In an
identical manner, the amount G was alteredin the otherset (MPX and PCX)of
emulgel formulationsThe gel phase was preparbg dissolving required amount of
respective gelling ageim double distilled water with constant stirringinga mechanical
stirrer at moderate speed’hepH was adjusted toi6.5 ushg TEA as a reult clear gel

was obtainedThen, two separate o/w emulsions were prepatidgdHAMP or HAPC by
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using ingredients described ihable 3.3 and 3.4. The oil phase was prepared by
dissolving Span 20 in paraffin oil while aqueous phase was e bgrdissolving Tween
20 in double distilled wateA mixture of methyl and propyl parabens in propylene glycol
and 2 HAMP or HAPC fraction (1mg/ml) weredded to thequeougphase. Botlphases
(the oil and the aqueous) were separately heated to8?0C and the oil phase was
incorporated into thaqueougphase with constant stirrireg 2000 rpmThe emulsion was
continued to stirring until it was cooled toam temperature. Afterwards, thesnulsion
was mixed with alreadypreparedrespectivegel phase inl:1 ratio to obtairrespective

emulgelformulation

Table 3.3Ingredients for Formulations dimosa pudica

Formulation code (%w/w)

Ingredients
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 g.s. g.s. g.s. g.s. g.s. g.s.

HAMP=Hydro-alcoholic fraction oMimosa pudicaseed extract

Table 3.4Ingredients for Formulations #&fsoralea corylifolia

Formulation code (Yow/w)

Ingredients
PCCl1 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 D 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 g.s. g.s. g.s. g.S. g.s. g.s.

HAPC=Hydraalcoholic fraction oPsoralea corylifoliaseed extract
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3.13. In-Vitro Evaluation of Developed Emulgel Formulations

The prepared emulgel formulations were keptvatying conditions of temperature and
humidity for a period of 90 daysThe conditbns used were’8+1, 25C +1, 49C+1 and
40°C+1 with 75%=+1 relative humidityDuring this periodemulgel formulations were
assessea@t regular intervaldor any change irtheir physical stabilityor organoleptic
evaluation Moreover all the formulationsvere subjected tevaluatein-vitro parameters
like pH, electrical conductivityand rheologyglobule size determinatioon microscopic

examinatiorandphase separation on centrifugation.

3.13.1.0rganoleptic Evaluation

The prepared emulgel formulations stored & different temprature and humidity
conditions like8°C+1, 28C +1, 40C+1 and 48C+1 with 75%=1relative humiditywere
assessearganolepticallyat regular intervals foany change irtheir physical stability
(color, odor, liquefaction, and phaseseparabn). These assessments were carried out
regular intervals during study period, for all the formulation samples and at all studied
conditionsi.e. soon after preparation followed at 23uts, 7 days, 14 days, 28 days, 60
days and 90 days.

3.13.2. pH evaluation

All the prepared emulgébrmulationswere subjected to evaluate any change in their pH
using a digital pH metgfVTW pH-197i, Germanyat regular intervals throughout study
period of 90 days The evaluation was made for all the formulation samples kegit at
varying studied storage conditions li8&C+1, 285C +1, 49C+1 and 48C+1 with 75%z+1

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

3.13.3. Electrical conductivity

During inrvitro evaluation,change inelectrical condctivity was quantified for all the
prepared emulgel formulatioh®pt at8’C+1, 25C +1, 46C+1 and 48C+1 with 75%=1
relative humidityat regular time period®\ digital electrical conductivity metgfWTW
COND-197i, Germanywas employed for this purpaséhe measurements welaken in

triplicate and their mean was taken.
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3.13.4. Centrifugation Test

Centrifugation testvas employed to assess any instabibty breakdown of emulgel
system.This testing was done soon after the fabrication of each fresh emuigeill&tion

and followed at regular intervals throughout thiedy periodstored ai8’C+1, 25C +1,
40°C+1 and 46C+1 with 75%=#1 relative humidity Each emulgel samplg2g
approximately) in a 15ml centrifuge tulbas subjected to centrifugation at 5000 rfmm

10 minutesat 25°G1 using EBA 20 centrifugation machine (Hettich, Germari) the

end of this procedureach tube was macroscopically investigated for any possible phase
separation

3.13.5. Microscopic evaluation and globule sizeneasurement

Microscopic ewaluation was carried out to assess the ntraplet size and morphology

of each preparedemulgel formulation, with the help of CCD camera loaded optical
microscope (Eclips&200, Nikon, Japan) with 100 X oil immersion lens. Very small
amount of the sample&as 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, Diginfize#s.3.1). Morphology

and the mean droplet siof the internal phase were measuiéds evaluatiorwas done

for each fresh emulgel formulation and followed at regular intervals throughout the study
period stored aB’C+1, 28C +1, 40C+1 and 48C+1 with 75%z+1relative humidity A
calibrated ocular imrometer was used to calculate the mean droplet size from 20 droplets

(n=20) from micrographs of eagmulgelsample.

3.13.6. Rheological studies

Brookfield DVIII Ultra Rheomete(Brookfield engineering labs. IntISA) was utilizd
for the evaluationof viscosit, thixotropic andflow characteristics of the emulgel
formulations The apparatus was fitted witbP41 spindleandan automatic temperature
control systento get rheological data &5°C +1 Shear stress, shear raviscosityand
thixotropic parametersf the emulgel formulations weevaluated according to the preset
programof the rheometer. @ndle speedvasset to increase gradualfyom 1050 rpm

with an increment of 1@m and again talecrease t60-10 rpm with a decrement of 10
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rom. The obtained lreograms comprising of shear rate and shear stress were analyzed
using Rhecalc softwargV. 2.6) according to the Power laas follows,

U ="K 2
Uis shear stress
ais shear rate
K is consistency index
nis the pow i ndex

The rheological evaluatiowas done for each fresh emulgel formulation and followed at
regular intervals throughout the study period stored’@t8, 25C +1, 40C+1 and
40°C+1 with 75%=+1 relative humidity

3.13.7. Sensory Evaluation

A paired comparison experimental deswas devised tassesshe sensory attributes of

the emulgel formulationsThis test wasccording to thelight modifiedmethod adopted

by Balboa and ceresarchers for the topical formulations containing plant extracts
(Balboaet al, 2017. A panel of 13 untrainednale volunteers(25-30 years of agg
without any skin disorder, were included in this stutliyey werefully informed about

the procedure and study gaalSamples of prepared emulgel formulatiorendomly

coded with three digitsyere presented to the volunteers in 50 ml beakénis test was
performedat room temperatureith appropriatdight conditions The sensory attributes

for each emulgel formuteon 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 guestionnaire with seven sensory attributes (physical appearance, ease of
application, spreadbility, sense after application, irritation, gloss on the skin and sense
of softness) was to be filled by each volunteer. Each attribute was to beagiwemerical

value from a scale ranging froml® (O = not detected

3.14. Optimization of the formulations

The developed emulgel formulations weoptimized bystudying and comparintheir
organolepticevaluationandin-vitro parameters like pH, electrical conductivity, rheology,

globule size determination on microscopic examination, phase separatio
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centrfugation andsensory evaluatiowere also checkedwing to this evaluation and
comparison the final dpnized emulgel formulation wasubjected to check-vitro sun

protection factor anthe effects of plant extracts on hurnrskin.

3.15. In-vitro Sun Protection Factor

In-vitro sun protectiorfactor of theoptimized and stabl®ormulatiors 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 amatric flask and
sonicated for 5 minutes. Aftaonication,it is filtered through aottonplug and first 10

ml of this solution is discardedNext 5 ml of this was again made to 50 ml with ethanol
and 5 ml of which was made to 25 ml with ethanol. Themtalsing ethanol as blank, the
absorption of theamplewas measured in the range of nm every 5 nnDutra et

al.,,200QandMansur 6s equation was (Mapsprétaleld8§t o c a

= CFx %EE(&)X [(A)xabs(A)

290

SPE

in vilro

3.16. Non-invasive In-vivo Investigations

3.16.1. Study Design and Ethical Approval

A singleblinded randomized study was designed for the-mwasive investigation of
emulgel formulation on human skin for 12 weekshel 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:S48317/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 Scigi€avS)
(Sciences, 2002All the measurements of skin parameters were conducted at the
Cosmetic lab, Department of Pharmacy, Faculty of Pharmacyiachative Medicines,

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

insensitive and nesmoker) of age 2@0 years were selected. Prior to #tedy, all the
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volunteers were educated about the importance, possible ndlsratocol 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 areag iniolved 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 thesearch product. All the skin tests were carried

out at controlled conditions of temperature and humidity (25+and 40% Relative
Humidity). Prior to each measurement of skin parameters, volunteers were asked to stay
in the normal sitting position in th@dsmetic lab for 15 minutes so as they wauoitibe

the inside conditions of temperature and humidity. Each volunteer was provided with the
two formulations, placeboandact i ve f or mul ati on i ndicat
depicting their application to thespective cheek. They were instructed to lusth the
formulations to the respective cheek twice a day. The measurements were taken at zero
time, and on %, 4", 6", 8", 10" and 13" 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 5x4 cm was marked on each forearm
of the volurieers. 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 thdeft and right forearm respectively and covered with a kgjbergic surgical
dressing. Afte48 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 indekésxameter®@MPA580 was employed.
The zero hour reading was taken before the applicatioraoépb and active formulation.
The further readings were taken &f, 8¢ 4" 6" &" 10" and 12" weeks of the study
period. Three consecutive readings were recorded and their mean was taken as final

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

The skin hydration level was measured using Corneofdefidre readings were taken at
zero hour andn 2% 4" 6" 8" 10" and 12" week Three consecutive readings were

recorded and their mean was taken as final nggiti 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 af 23¢9, 4" 6" 8" 10" and 13" 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 skinsebum index was measured using Sebur®ef€he readings were taken at zero
hour andon 2 4" 6" 8" 10" and 12" week of the study Three consecutive

measurements were taken andrtheean was taken for analysis.

3.16.7. Surface Evaluation of Living Skin (SELS)

Visioscan® VC 98was 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? and 3 monthsof 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 chang®[ (A T B) [/ B] 1T 100
Where A indicates thimdividual value of each parameter af 24", 6", 8" 10" and 1%’

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 Scien8&S$, V. 17.0)
software. The Analysis of Variance (ANOVA) was applied to assess eventual variation
between different time intervals and paired sampieest to describe any
differencévariancebetween two formulations (placebo and actmenulatior), andPost
hocanal ysis through Least Significant Di f
compari sonso, i . e. the smallest signific

difference was considered significant at-aafue inferior to 5% (P<0.05)
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Chapter 4

RESULTS



4.1 Total Phenolic Content

Total phenolic contenin various fractions oMP and PC seed extractvas calculated

using standard regressitine (Figure 4.1) for gallic acidand given inTable 4.1

Table 4.1 Total phenoliaccontent (TPC) ofarious fractions oMP andPC seed extracts

Fraction Total phenolic content
Mg GAE/mg
HAMP 224.38+0.71
NHMP 171.16+0.583
CLMP 193.74+0.91
NBMP 221.16+1.31
HAPC 229.22+0.68
NHPC 161.48+1.12
CLPC 187.29+097°
NBPC 211.48+1.23

GAE=Gallic acid equivalent, HAMP=sydro-alcoholic fraction oMP, NHMP=n-Hexane fraction
of MP, CLMP=Chloroform fraction ofMP, NBMP=n-Butanol fraction ofMP, HAPC=Hydro-
alcoholic fraction ofMP, NHPC=n-Hexane fraction oPC, CLPC=Chloroform fraction ofPC,
NBPC=-Butanol fraction ofPC

Each value is given as MeanSD (n=3).Superscripts given &% are significantly different("
0.05 from each other.

1.8 -

1.6 - y = 0.0155x + 0.0188

R2=0.9968
1.4
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o
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o
N
o

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® andPC seed extract was quantified

with the help of standard regressiamel(Figure 4.2) and given infable 4.1

Table 4.2 Total flavonoid conten{TFC) of various fractions oMP andPC seed extracts

Fraction Total flavonoid content
Hg QE/mg
HAMP 186.04+0.65
NHMP 126.74+0.42
CLMP 156.97+0.67
NBMP 166.27+0.91
HAPC 190.69+0.82
NHPC 113.95+0.83
CLPC 165.11+1.26
NBPC 179.0+1.24

QE=Quercetin equivalent, HAMP4ydro-alcoholic fraction oMP, NHMP=-Hexane fraction of
MP, CLMP=Chloroform fraction ofMP, NBMP=-Butanol fraction ofMP, HAPC=Hydro-
alcoholic fractionof MP, NHPC=n-Hexane fraction oPC, CLPC=Chloroform fraction ofPC,
NBPC=-Butanol fraction ofPC

Each value is given as MearnSD (n=3).Superscriptgiiven as*" are significantly differenfp
0.05 from each other

2.5 -

y = 0.0215x + 0.03

Absorbance
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Figure 4.2Regression line of @rcetin with total flavonoid content
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4.3. Antioxidant Activity

According toDPPHmethod, various fractions &P andPC seed extrastwere found to
have very good antioxidant activities when comedawith standard ascorbic acas

represented graphicalig Figure 4.3

Anti-oxidant Activity

100 B Mimosa pudica
B Psoralea corylifolia

a b

80

60-

40

Percent Inhibition

20+

0_

Hydro-alcoholic n-Hexane Chloroform n-Butanol

Figure 4.3 Antioxidantactivitiesof variousfractions ofMP andPC seed extract€ach
value is given as Meah SD (n=3). Superscripts given-@ are significantly differentg
0.05) from each other.
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4.4. Tyrosinase Inhibition Activity

Tyrosinase inhibition assay was done on all the fractions difh@ndPC seed extracts

using mushroontyrosinaseResults are given graphically gure 4.4.

Figure 4.4 Anti-tyrosinaseactivitiesof variousfractions ofMP andPC. Each value is
given as Meag: SD (n=3). Superscripts given-é are significantly diffeent@” 0. 05)
from each other
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