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ABSTRACT	

Background: Melasma is a common facial pigmentary disorder. A multifactorial 

contribution is suggested in the etiology of melasma and ultraviolet (UV) irradiation plays an 

important role in melasma. Plants have been used worldwide as medicine and have been 

reported to show anti-melasma activities. Cutaneous infections especially acne of the skin are 

one of the often faced dermatological diseases worldwide. Topical therapy is an attractive 

choice for the treatment of the cutaneous infections due to its advantageous such as targeting 

of drugs to the site of infection and reduction of the risk of systemic side effects.  

Materials and Methods: Methanolic extract of Hippophae rhamnoides and Cassia fistula 

were effectively extracted and phytochemically screened. The antioxidant activities of the 

plant extracts were measured by Nitric oxide radical scavenging assay, DPPH radical 

scavenging assay, Hydroxyl radical scavenging assay and Superoxide radical scavenging 

assay. Total phenolic contents observed spectophotometrically. Stable creams, F1 

(Hippophae rhamnoides extract), F2 (Cassia fistula extract) and F3 (placebo) of o/w type 

were prepared using Paraffin oil as oily phase, Tween 80 and Span 20 as the emulsifiers 

while distilled water as the aqueous phase. 5% crude plant extract was used in F1 and F2 

while F3 was without the plant extract. All these creams were kept at four different storage 

conditions i.e., 8ºC, 25ºC, 40ºC and 40ºC with 75% Relative Humidity for a period of two 

months to evaluate their stability characteristics.  

Human volunteers were used for in-vivo assessment of F1, F2 and F3 to evaluate their effects 

on human skin. Different skin parameters like Skin Melanin (for melasma effects), Skin 

Sebum contents (for acne effects), Skin Trans epidermal water loss (TEWL) and Stratum 

corneum water contents (for moisturizing effects) and Surface evaluation of living skin 

(SELS) parameters related to skin aging were measured at different time intervals for three 

months. For acne and melasma effects, instrumental readings, visual observation as well as 

photographs were taken while other parameters were observed only by instrumental readings. 
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The results obtained were compared with the zero hour readings and the statistical tools of 

ANOVA (Kruskal–Wallis tests) and Dunnett Multiple comparisons post test were used in the 

statistical analysis to evaluate the changes produced.  

Results: Both plants extracts showed appreciable antioxidant potential and statistically 

insignificant differences (P>0.05) were observed among the triplicates in different systems of 

antioxidant activity evaluation. The antioxidant activities were more when methanol was used 

as extracting solvent and maceration as extraction method. The expected pharmaceutical 

stability of emulsions was achieved from 2 months in-vitro study period. Results of an 

electrical conductivity confirmed that an outer phase is water.  

A significant (P≤0.05) decrease in the level of melanin was produced by F1 and F2. The 

difference between pre and post-treatment levels of melanin was statistically significant (P = 

0.05). In case of skin sebum contents, a significant (P ≤ 0.05) decrease was observed for both 

F1 and F2. The difference between pre and post-treatment levels of sebum contents was 

statistically significant (P=0.004). F1 and F2 showed significant (p<0.0001) effects on SELS 

parameters i.e., skin wrinkles (SEw), skin smoothness (SEsm), skin scaliness (SEsc) and skin 

roughness (SEr). The results were supported by 3D images of human skin after applications 

of respective creams. Stratum corneum water contents were increased and Trans epidermal 

water loss (TEWL) was decreased significantly (p<0.05) supporting the results of SELS 

parameters.  

Conclusions: As a conclusion creams with 5% plant extracts could be effective, safe and 

well-tolerated topical medications for melasma (hyperpigmentation), acne vulgaris and dry 

skin conditions. 

Key Words: Acne, Melasma, Topical Emulsion, Skin Hydration, Sebum, TEWL, Melanin 
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1.1. Introduction  

Cosmetology has made great progress in the advancement of products of higher quality and 

efficiency and in the finding of new raw materials. Furthermore, consumers have become 

attracted in using natural products that are less destructive than synthetic ones. Therefore, the 

cosmetic industry is looking for alternative products of natural origin and avoids the use of 

synthetic ingredients (Packer and Da Luz, 2007). The long history of using natural 

ingredients to maintain human health was based largely on knowledge derived from centuries 

of trial and error. Gradually, the health care field has begun to develop a store of scientific 

evidence to support centuries-old practices. Progress in laboratory technology and science has 

given researchers unprecedented capability to examine the biology and chemistry of natural 

ingredients and provide long-missing scientific explanations for the observed effects of many 

natural substances. Botanicals secret have been passed through generations of herbal, folklore 

and nowadays, the botanical extract is playing an increasingly important role in 

pharmaceutics and cosmetics (Jarupa et al., 2003). Plants contain two types of polyphenols 

among which flavonoids and numerous classes of nonflavonoids are usually notable. 

Polyphenols are responsible for foremost organoleptic characteristics of plant-derived foods 

and beverages, predominantly color and taste properties. They are also reported to contribute 

to the health benefits related with consumption of diets high in fruits and vegetables or plant-

derived beverages (Véronique, 2005). The natural antioxidants of plants origin have gained 

more and more importance due to their safety concerns. Natural ingredients are everywhere 

and are continually gaining fame, and the use of plant extracts in cosmetic formulations is on 

rise. A cosmetic formulation including active principles of natural origin can protect the skin 

against exogenous or endogenous harmful agents (reactive oxygen species (ROS)) and help 

to cure many skin conditions (Aburjai and Natsheh, 2003). The antioxidants have the ability 

to defend the skin through different mechanisms like scavenging the free radicals, removing 

the biomolecules that have been damaged oxidatively as well as by some other complex 
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mechanisms (Rabe et al., 2006). Both oral as well as topical antioxidants have been used to 

alleviate the problems of the skin produced by the free radicals including the premature aging 

of the skin (Debbie and Jennifer, 2010). The scavenging of the reactive oxygen species by the 

antioxidants is thought to be the main mechanism responsible for the skin protective effects 

of the antioxidants. However some dietary antioxidants produce their effects by other 

mechanisms also, such as by influencing the cellular signaling pathways which initiate 

progression of cell cycle, cell growth and repair systems (Kaur et al., 2007). 

Pharmaceutical formulations and cosmetic for cutaneous application are multifaceted and 

range from liquids like aqueous solutions and suspensions, to semisolids like gels, emulsions 

and ointments, to solid systems like powders and trans-dermal patches. Emulsions are 

commonly used as cosmetic and pharmaceutical formulations due to their superb solubilizing 

capacities for hydrophilic and lipophilic active ingredients and application acceptability (Otto 

et al., 2003).  

Acne vulgaris is an extremely common skin disorder that affects virtually all individuals at 

least once during life. Topical therapy is indicated for patients with non-inflammatory or mild 

to moderate inflammatory acne. Excess production of melanin or its abnormal distribution, or 

both, can cause irregular hyperpigmentation of the skin, leading to melasma and age spots. 

Currently medications used in the treatment of acne and melasma involved side effects so 

novel topical natural agents or cosmeceutical agents with less side effects are needed to treat 

cutaneous hyper pigmentation (melasma), acne, inflammation, dry skin and aging. In this 

study it has been tried to formulate topical creams (o/w emulsions) containing active 

botanicals with antioxidant properties will produce anti melasma, anti acne, anti 

inflammatory, moisturizing and anti aging effects as topical creams containing botanicals are 

now frequently used or prescribed by dermatologists as well as they are also presented in a 

wide range of heavily promoted cosmetic products including facial skin cleanser, anti-acne, 

anti-aging and anti-melasma (Jarupa et al., 2003).  
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1.2. Aims of the study 

 To explore the possible biological activity(s) of selected plants.  

 To formulate o/w emulsions (Creams) containing crude extracts of selected plants. 

 To evaluate the efficacy of the selected medicinal plants for their claimed utilities in 

Melasma, acne and other skin conditions. 

1.3. Dissertation Outline 

In this research project, two indigenous medicinal plants were selected. Their extracts were 

prepared by different methods using the suitable solvents. O/W creams (emulsions) were 

prepared by using the selected extracts as the active ingredients and were identified as the 

formulation creams. A placebo (control) was also prepared with the same ingredients except 

that the plant extracts were not included in the formula. In-vitro stability studies of the creams 

were then carried out by keeping the creams at four different storage conditions for a period 

of two months. The parameters noted during the two months stability studies included, 

change in color, liquefaction, phase separation, electrical conductivity, pH and rheological 

properties. The stable creams were then proceeded into in-vivo studies for a period of three 

months. 

After three months, the data obtained for the active formulations and placebo was compared 

with zero hour reading (before study data) with the help of statistical tools to evaluate any 

significant changes in the different parameters produced by creams. Comparison of the data 

of active formulation and placebo was also carried out statistically to find out whether the 

change being produced was due to the plant extracts or not.  
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2. LITERATURE  

2.1. EMULSIONS/CREAMS 

The pharmaceutical term “Emulsion” is generally used to indicate preparations prepared for 

internal use i.e. via oral route. Emulsions for external use are always given a different title 

that focuses their use e.g. lotion and cream (Christopher, 2008). An emulsion is 

conventionally defined as a dispersion of globules of one phase (liquid) in another; the two 

being are not miscible (Dickinson and Stainsby, 1982). Emulsions are thermodynamically 

unstable systems from a physicochemical point of view, quickly or slowly separating into two 

phases with the passage of time (Borwankar et al., 1992). Emulsions can be stabilized by 

improvement of their kinetic stability (Bergenstahl and Claesson, 1997), where stability is 

defined as the resistance to physical changes (Mulder and Walstra, 1974). Stabilization is 

usually achieved by adding emulsifying agents (e.g. Tweens, Spans etc) and/or thickening 

agents (gelatin, gums) to the emulsion. Physical destabilization mechanisms of emulsions 

include creaming, flocculation, Ostwald ripening coalescence and phase inversion (Walstra, 

1987). Managing the instability of emulsions is consequently highly desired in order to 

refrain appearance, shelf-life and rheological properties of emulsions. Most emulsions usually 

contain diversity of ingredients; managing emulsion stability is complex and still mainly 

based on experience, and a trial and error approach. Primary scientific attempt is required to 

improve stability of emulsions (Poulin et al., 1999). 

Three main qualities of an emulsion system have to be pointed: 

1. Which of the two liquid phases will be the external phase and which the internal phase 

when the emulsion is prepared, and what factors are be used to control that result? 

2. What factors manage the thermodynamic stability (creaming/sedimentation of the 

dispersed phase, coalescence, flocculation and Ostwald ripening) of the emulsion system? 

3. What factors manage the rheology of emulsified systems, and how they can be efficiently 

controlled? (Drew, 1999). 
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Numerous cosmetic formulations are available in market such as emulsions, pastes and gels. 

Emulsion system such as lotions and creams has a huge potential for cosmetic products. The 

emulsion is a multipurpose system in application, depending on the active agent it contains. 

For example, the emulsions containing alpha-hydroxy acids (lactic acid, glycolic acid, citric 

acid, mandelic acid.) may advance the look of skin. As skin care products, the o/w emulsion 

is much accepted according to its washable and non-greasy properties. In addition, after 

applying to the skin, water evaporates and concentrations of the water-soluble bioactives are 

subsequently increased in the adhering films which increase the absorption of such bio-

actives to the skin (Guy and Hadgraft, 1988; Riefenrath et al., 1991). To prepare a long-lived 

emulsion of globules that can persevere for a long time, it is necessary to include a surfactant 

(emulsifying agent), which is generally soluble in the external liquid phase but not highly 

soluble in the internal phase. This requirement of solubility is not a rule without exceptions, 

but it is commonly the case. A system of classifying the affinity of emulsifying agent to 

soluble in polar or non-polar phases is known as the Hydrophile–Lipophile Balance (HLB) 

(Drew, 1999). A mathematical HLB range exists for classifying surfactants in terms of their 

relative solubility in oily and aqueous liquid phases. An example of o/w emulsion is depicted 

in Figure 2.1. 
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Figure 2.1: (a) Two Immiscible Liquids (b) A Surfactant, Generally Soluble in the 

Continuous Phase, (c) Shear is Applied to the System (d) O/W Emulsion System. 

 
2.1.1. Types of Emulsion  

2.1.1.1. Primary Emulsions 

Emulsions are classified on the basis of composition and morphology. Emulsions that have 

water as an external phase (continuous phase) and oil as internal phase (dispersed phase) are 

called ‘direct’ or aqueous-based’ or ‘O/W’ emulsions. In O/W’ emulsions; the emulsifying 

agent is normally soluble in the aqueous phase. On the other hand, emulsions that have oil as 

a external phase are termed ‘inverse’ or ‘oil-based’ or ‘W/O’ emulsions. In W/O’ emulsions, 

the emulsifying agent is commonly soluble in the oil phase. 
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Table 2.1: Differentiation Between O/W and W/O Emulsions 

O/W W/O 

Water is as a dispersion medium and oil 

is the dispersed phase 

Oil is as a dispersion medium besides water 

is the dispersed phase 

Non greasy, removable from the skin 

surface. 

 

Not water removable and greasy in nature. 

Used externally to deliver cooling effect 

e.g. vanishing cream 

Used externally to stop evaporation of 

moisture from the skin surface e.g. Cold 

cream 

Water soluble drugs are actually released 

more quickly from o/w emulsions 

Oil soluble drugs are more quickly released 

from w/o emulsions 

Bitter taste of oils can be masked. So 

these kinds of dosage forms are preferred 

by consumer & manufacturer. 

They are ideal for formulations meant for 

external use like creams. 

O/W emulsions give a positive 

conductivity test. 

W/O emulsions do not give a positive 

conductivity. 

 

 

 2.1.1.2. Multiple Emulsions or Secondary Emulsion 

They contains two internal phase, for instance, o/w/o or w/o/w. They can be used to delay 

release or to increase the stability of the active compounds. They can be considered as 

emulsions of emulsions (Figure 2.2) and have shown secure in cosmetic, pharmaceutical, and 

separation sciences (Figen and Ozlem, 2005). It is a complex type of emulsion system in 

which the oil-in-water or water-in-oil emulsions are dispersed in another liquid medium. In 

this way an oil-in-water-in-oil (o/w/o) emulsion consists of very small droplets of oil 

dispersed in the water globules of a water-in-oil emulsion and a water-in-oil-in-water (w/o/w) 
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emulsion consists of droplets of water dispersed in the oil phase of an oil-in-water emulsion 

(Agarwal and Rajesh, 2007). Their pharmaceutical applications include taste masking, 

adjuvant vaccines, an immobilization of enzymes and sorbent reservoir of overdose 

treatments and a time for augmentation of external skin or dermal absorption. Multiple 

emulsions have been formulated as cosmetics, such as skin moisturizer. Prolonged release 

can also be obtained by means of multiple emulsions. These systems have some advantages, 

such as the protection of the ensnared substances and the possibilities of incorporating several 

actives ingredient in the different compartments. Regardless of their importance, multiple 

emulsions have limitations because of thermodynamic instability and their complex structure 

(Figen and Ozlem, 2005) 

W/O/WO/W/O

O/W

Oil
Water

O/W

Oil

O/W

Oil
Water

Oil

W/O

WaterOil

W/OW/O

Water

Oil

Water
Water

Water

Oil
Oil

Water

Oil
Oil

 

Figure 2.2: Primary and Secondary Emulsions 

 

2.1.1.3. Micro-emulsions 

Micro-emulsions are systems consisting of water, oil and surfactant, which constitute a single 

optically isotropic and thermodynamically stable liquid solution. A simple way to formulate a 

micro-emulsion was suggested by Hoar and Schulman. There are two types of micro-

emulsion one is o/w and second is w/o micro-emulsion. For preparation of o/w micro-

emulsion, we start with w/o emulsion using a low HLB number surfactant. To this emulsion 

an aqueous solution of high HLB number surfactant is added while stirring at a certain 

amount of addition a ‛gel’ phase is produced and further addition of surfactant solution, an 
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inversion into o/w emulsion take place. For w/o micro-emulsion one start with o/w emulsion 

stabilized with an ionic or nonionic surfactant. This emulsion is titrated with a co-surfactant 

and the emulsion passes through a gel phase, after which further addition of co-surfactant 

result in the production of w/o Micro-emulsion. However, a drawback of micro-emulsion is 

the possibility of disruption of the crystalline structure of stratum corneum. These lead to 

facilitated transdermal transport and skin irritation (Tadros, 1992). 

2.1.1.4. Nano-emulsions 

Nano-emulsions are oil-in-water (o/w) or water-in-oil (w/o) transparent or translucent 

colloidal dispersions, usually in the range of 20–500 nm, formed by the dispersion of one 

liquid phase into the second liquid phase to form a droplet (Anton et al., 2007). 

2.1.2. Emulsion Stability 

Stability is generally used to refer to the persistence of an emulsion in the environment, and 

has been identified as an important characteristic of emulsions. Some emulsions rapidly 

decay into separate oil and water phases once, while more stable emulsions can persevere for 

days to years (NRT Science and Technology Committee, 1997). The instability of emulsion 

may be classified into Flocculation, Creaming, Coalescence and Breaking (Alfred et al., 

2005). Flocculation is the association of small emulsion particles to form large aggregate 

which is redispersable upon shaking. It is a reversible process in which the droplets remain 

intact. Flocculation is considered as the precursor of coalescence (Gilbert and Christopher, 

2002). It is because the presence of excess surfactant in the continuous phase of an emulsion 

can lead to flocculation of emulsion droplets. The flocculation of emulsion droplets by excess 

surfactant occurs because of the so-called "depletion effect". The depletion mechanism can 

be explained, as: in a system containing excess surfactant in the form of micelles, when the 

dispersed emulsion droplets approach each other to distances closer than the diameter of the 

surfactant micelles, segregation of micelles from the interparticle space occurs because of the 

loss in configurational entropy of the micelles (Rajinder, 1997). 
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Creaming is the phenomenon in which the dispersed phase separates out, forming a layer on 

the top of the continuous phase. It is notable that in creaming the dispersed phase remain in 

globules state so that it can be redispersed on shaking. Creaming can be minimized if the 

viscosity of the continuous phase is increased (Christopher, 2008). 

Coalescence occurs when the mechanical or electrical barrier is insufficient to prevent the 

formation of progressively larger droplets (Gilbert and Christopher, 2002). Stabilization 

against coalescence may be achieved by the addition of high boiling point or high molecular 

weight components to the continuous phase (Herbert et al., 1996). 

2.1.3. Factors Effecting Emulsion Stability 

In the pharmaceutical and food as well as in the cosmetic industry, one of the major 

challenges is to produce not only efficacious, safe, cost-effective and elegant, but also stable 

emulsion formulations. Emulsions are complex systems and because of the increasing 

requirements to fulfill, the problem to ensure their stability is becoming more and more 

difficult. Often emulsions are exposed to environmental influences. Factors that can alter 

emulsions’ stability can be physical (such as temperature, pressure and mechanical stress), 

chemical (such as essential oils, gases - especially oxygen -, metals, salts, pH-value) or 

microbiological (different micro-organisms such as yeast, bacteria, fungi, viruses). 

2.1.3.1. Amount of Emulsifier 

Emulsion stability is greatly affected by emulsifier concentration. There is a concentration 

window for emulsifier concentration, out of which the emulsion stability is rapidly affected. 

At low emulsifier concentration, the emulsion is unstable because of agglomeration of the oil 

droplets. At high emulsifier concentration emulsion instability occurs because of quick 

coalescence (Gonglun and Daniel, 2005).  
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2.1.3.2. Mixing Time 

Mixing time is a major factor during emulsification. According to Verbich et al the radii of 

the droplets of the dispersed phase decrease with the increase of stirring speed and mixing 

time. Long mixing time increase the effectiveness of emulsifying agents, however too much 

long mixing time will cause a decrease in the effectiveness of emulsifying agents because 

severe stirring will cause the emulsifying agents to drop out from liquids interface (Gonglun 

and Daniel, 2005). 

2.1.3.3. Mixing Temperature 

One of the major problems which food, pharmaceutical and cosmetic emulsions are tackled 

with, is the thermal stability of their products in emulsion form. Stable emulsions can be 

prepared at a temperature of 30ºC. It is cleared that the surface tension of most liquids 

decrease with the increase of temperature ,due to this high kinetic energy the surface 

molecules tend to overcome the attractive force of bulk liquid. Furthermore at critical 

temperature value the cohesive forces between the liquid molecules become zero, therefore 

the surface tension will peter out at critical temperature value (Gonglun and Daniel, 2005). 

2.1.3.4. Stirring Intensity 

Emulsions are generally prepared by applying mechanical energy. In such a process initially 

the interface between the two phases is deformed so that large droplets are formed which are 

subsequently broken into small particles. Stirring is done to form a stable and homogeneous 

emulsion by converting large droplets into small ones. It is clearly indicating that a more 

stable emulsion can be prepared with a higher stirring speed but less than 2500 RPM as more 

than 2500 RPM will lead the emulsifier to break away from the oil-water interface (Gonglun 

and Daniel, 2005). 
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2.1.3.5. Phase Ratio 

Exceeding a phase volume of 0.74 for the continuous phase must result either in phase 

inversion or breaking (Gonglun and Daniel, 2005). 

2.1.4. Parameters Assessing Emulsion Stability 

2.1.4.1. Physical Satiability 

The degree of creaming or coalescence occur per unit time can give the assessment of 

emulsion physical satiability. This procedure is taken on by calculating the ratio of the 

volume of creamed part (separated part) of the emulsion and total volume of the product 

(Aulton, 1988). 

2.1.4.2. Size and Particle Count 

Determination of changes in the average particle size is a key parameter used for emulsion 

stability assessment. Optical microscopy, Andreasen apparatus and coulter counter apparatus 

are used for this purpose (Javed, 2008). 

2.1.4.3. Viscosity/Viscosity Changes 

Globule size change or movement of emulsifying agent during aging may be detected by a 

change in apparent viscosity (Aulton, 1988). Emulsions follow non-Newtonian flow 

characteristics. Flocculation in o/w emulsions results in an immediate increase in viscosity 

(Javed, 2008). 

2.1.4.4. Zeta Potential 

Zeta potential is an important parameter used for assessing emulsion stability since electric 

charges on the particles affect the rate of flocculation (Javed, 2008). Electrostatically 

emulsion stabilization is due to the mutual repulsion between electrical double layers of both 

phases. Such type of stability is very sensitive to the ionic strength of solution, as the 

concentration of electrolyte increases the electrical double layer compressed and the distance 

of electrostatic repulsion is reduced resulting in flocculation (Jayme et al., 1999). 
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2.2. Emulsifying Agents   

 
An emulsifying agent is a compound that lowers the surface tension and forms a film at the 

interface of two immiscible liquids making them miscible. Emulsifying agent efficiency is 

related to its chemical structure, pH, solubility and physical properties. Emulsifying agents 

can be classified on the basis of their effects as; 

i. True emulsifying agents or Primary agents. They can form and stabilize emulsions by     

themselves. 

ii. Auxiliary agents or stabilizers. Alone they do not form fine emulsions but assist the 

primary emulsifying agents (Shargel et al., 2004). 

Naturally occurring emulsifying agents are more susceptible to microbial growth so they are 

not employed in emulsion needing a long shelf life (Aulton, 2007). Synthetic emulsifying 

agent is very effective in lowering interfacial tension between the two phases because their 

molecules have both the lipophobic and lipophilic characteristics (Paul, 2005). 

2.3. Theories of Emulsification 

Theories of emulsification explain the action of emulsifying agents in stabilizing emulsions. 

It is the surface or more accurately the interface between the two immiscible liquids that 

plays the foremost role. Emulsifying agents affect the interface in such a way to obtain stable 

emulsions (John, 1976).There are several theories have been proposed explaining the action 

of emulsifying agents in stability of emulsions. Among these theories some are applied to 

specific emulsifying agents under certain conditions like pH of the system and proportion of 

the two phases. The most well-known theories include surface tension theory, the oriented 

wedge theory and the interfacial film theory (Paul et al., 2005). 

2.3.1. Surface Tension Theory 

Molecules in a liquid are attracted equally on all sides by the surrounding molecules, 

however at the surface there is inward attraction of molecules due the imbalance attractive 

forces. Due to this attraction, a stress or tension is produced known as surface tension (John, 
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1976). When two immiscible liquids are come in contact, the force causing each liquid to 

resist breakage is known as interfacial tension. In accordance to surface tension theory of 

emulsification, the emulsifying agents cause a reduction in the interfacial tension of the two 

immiscible liquids, reducing the repellent force between the liquids and withdrawing the 

attraction of liquids for their own molecules. In this way the surfactants convert large 

globules into small ones and avoid small globules from coalescing into large ones (Paul et al., 

2005). 

2.3.2. The Oriented Wedge Theory  

 According to this theory the oil-like or non- polar ends of the emulsifying agents turn 

towards the oil and the polar ends towards the polar liquid. The oriented wedge theory of 

emulsions indicates that if the non-polar end of the emulsifying agent is smaller, the emulsion 

will be oil-in-water (o/w) and if the polar end is smaller, the emulsion will be water-in-oil 

(w/o) (Harkins and Beeman, 1925). 

2.3.3. The Interfacial Film Theory 

The interfacial film theory suggests that the emulsifying agents make an interface between 

the two immiscible phases of the emulsion, surrounding the droplets of the internal phase as a 

thin film. This film prevents the coalescence of the dispersed phase (Paul et al., 2005). 

2.4. Pharmaceutical Applications of Emulsions 

Both macro-emulsions and micro-emulsions are usually well recognized as carriers for 

hydrophilic and lipophilic drugs. Recently attention has been made on the controlling of size 

distribution and understanding the stabilization phenomenon, which creates novel horizons, 

resulted in great attention for these liquid dispersion systems. The main advantage of such 

systems is that they increase the solubility and bioavailability of therapeutic drugs as well as 

the ability to favor the topical transport of hydrophilic solute. Multiple emulsions specially 

w/o/w emulsions are admirable candidate for controlled and sustained release of drugs. 

Multiple emulsions are used as an alternate to liposomes as delivery system.Microemulsions 
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are isotropic mixture of oil, water and surfactant often with cosurfactant.It has been shown 

that microemulsions can be form spontaneously and are thermodynamically stable, on one 

hand they improve drug solubilization and bioavailability and on the other hand they act as 

potential drug delivery systems by integrating a wide range of drug molecules. Oil-in-water 

(o/w) and w/o/w emulsions are generally employed for intravenous route. Lipid emulsions 

are used for parenteral nutrition, intarvenous drug administration and as oxygen carriers. 

Emulsions have been used for many centuries for treating local skin diseases Oil-in-water 

emulsions are used for lamentation of skin lacerations. The main advantage of using the 

topical emulsions is to avoid gastrointestinal environment and first pass effect. Emulsions are 

also available for oral route. They are mainly used for enteric nutrition or laxative 

preparations (Gilberte and Francoise, 2002). In addition to the mentioned applications 

emulsions may also be used, to stabilize hydrolytically susceptible drugs for sustained 

release, reduction of irritation or toxicity, possible targeted delivery of drugs to various 

organs and possible enhanced pharmacological effect (Nasirideen et al., 1998). 

2.5. Human Skin 

 
Skin, the cutaneous membrane or the integumentry system has several accessory organs and 

is the chief organ of the body which covers the entire body. In the average adult the skin has a 

surface area of 1.2 to 2.2 m² and weighs about 5 kg. The skin is about 07% of the total body 

weight with a thickness of 0.02″ to 0.16″ range (Elain, 2005). Skin has two types, hairy skin 

wrapping much of the body and Glabrous skin or hairless skin as that of palms and soles 

(John, 1995). 

 2.5.1. Functional Layers of the Skin 

the skin is composed of two main layers, the epidermis and dermis with a variable third layer, 

hypodermis (the subcutis) (Alan and James, 2005). 

Epidermis is the outer, protective and thinner layer of the skin. It is in contact with the outer 

enviroment. Sweet glands,hair follicles and other epidermal appendages are laying 
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downgrowth of epidermis. Structually the surface of the epidermis is composed of protien 

plates known as Keratin which forms stratum corneum the superfacial tough and water 

repellent layer (Alan and James, 2005). The epidermis is translucent allowing the light to pass 

through it. It does not contain any blood vessel getting its nutrients and oxygen from the deep 

layers of the skin (John, 2000). Traditionally epidermis is considered as stratified squamous 

epithelium but in fact only the outer three epidermal layers have a squamous confugration 

while the rest have cuboidal or polyhedral apperance. The english nomenclature for the 

epidermal layers and thier latin equivalent is composed of four layers from bottom to top as 

shown in the Table 2.2. İn addition to these four layers a fifth layer, the stratum lucidum is 

also presaent in the thick skin of sole and palm as shown in the Figure 2.3. This layer has no 

structural or functional importance and may be an artefact or staining (Alan and James, 

2005). 

Table 2.2: Nomenclature of the Epidermal Layers. 

S.NO Latin equivalent English nomenclature 

01 Stratum germinativum or startum 

basal  

Basal layer 

02 Stratum spinosum Prickle cell layer 

03 Stratum granulosum Granular layer 

04 Stratum corneum Keratin layer 
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Fig 2.3: Schematic Diagram of the Epidermis 
 
 
Dermis is thicker than the epidermis. It is largely composed of a protien called Collagen 

which accounts for 75% of the total weight of dermis. Collagen of the dermis is responsible 

for the elasticity of human skin. Collagen molecules are bound together by elastic fibers 

made of  a protien called Elastin. Dermis also contain glycoprotien responsible for holding a 

large amount of water. Hyaloronic acid also present in the dermis which has the ability to 

attract and hold water (John, 2000). The dermis is divided into two types, the papillary layer 

that is very close to the epidermis and the deep reticular layer. The papillary layer has a thin 

collagen of just  10 mm where as the reticular has collagen of 50 mm. Fibers of smooth 

muscle are present in the deeper part of  the  dermis of the penis,scrotum of tetes and nipple 

of breast. Hair follicles, sweet glands and sebaceous glands are present in the dermis 

(Bradbury, 1975). 

Subcutis or Hypodermis is also known as the subcutaneous fat layer that is connected to the 

dermis of muscles and bones.It acts as an insulator to store body heat. The subcutaneous fat is 

arranged into fat lobules keep separated by collagen fibers.When these lobules are extended 
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in length they attain a specific shape called cellulite (John, 2000). The Hypodermis may act 

as food store and shock absorber (Alan and James, 2005). 

2.5.2. Melanocytes, the Cells of Epidermis 

Melanocytes in the Stratum germinativum of the epidermis are distributed in the form of 

dendritic cells. They are present with the keratinocytes in a ratio of 1:4 to 1:10 in various 

parts of the body. Melanocytes have the capacity to replicate throughout whole life thats why 

melanin unit of the skin maintained forever. Melanocytes are up to 10% of skin cells 

producing the dark pigment melanin by the process of melanogenesis. One melanocyte is 

surrounded by approximately 36 keratinocytes. Together, they form the so called epidermal 

melanin unit. The melanin produced and stored inside the melanocyte in the melanosomal 

compartment is transported via dendrites to the overlaying keratinocytes (Micheal et al., 

2003). 

2.5.3. Appendage of the Skin, Sebaceous Glands 

Sebaceous glands are small sac-like pouches which open into a hair follicle but some open 

onto the skin surface (Ro and Dawson, 2005). They produce an oily substance called sebum, 

which contains fats, cholesterol and cellular debris (McGuinness, 2010). Sebum is mildly 

antibacterial and antifungal. Increased sebum excretion and acne vulgaris patho- physiology 

are interlinked with each other (Zouboulis, 2004). The sebaceous glands are inactive during 

childhood and become activated on puberty (Elain, 2005).The sebum is acidic in nature with 

a pH 4.2-5.6 that’s why it is some time know as acid-mantle(John, 2000). 

2.5.4. Skin Functions 

Being the outer most system, the skin is susceptible to mechanical abrasion, bacteria, 

temperature as well as various chemicals (Elain, 2005). The skin has four major functions i.e. 

Protection, Sensation, Thermoregulation and Metabolic function (Barbara and John, 2005). 

Skin is the most apparent organ of human body. It is the frontier between the interior and 

exterior of human body. It protects the body from the pessimistic sway of external 
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environment. The most protective function of the skin is to protect the body from the lethal 

effects of solar rays. The electromagnetic solar irradiations may be divided into ultra violet 

(UV) irradiation; visible and infra-red irradiations. Irradiations are further divided into UVB 

(290-320 nm λ), UVA (230-400 nm λ) and UVC (100-290 nm λ). UVB causes sunburn 

which results in painful engorgement and Erythema of the skin.UVB irradiations are the main 

cause of skin cancergenesis.UVA irradiations lead to photo (extrinsic) aging (skin care forum 

2009). Skin works as a chemical, physical and biological barrier. As a chemical barrier 

melanin, acid mantle, low pH, the natural antibiotic HUMAN DEFENSIN and 

CATHELICIDIN contribute. As a physical barrier keratinized cells mainly contribute. 

Glycolipid of the epidermis prevents IN & OUT of water and hydrophilic substances. Human 

skin is richly supplied with EXTEROCEPTORS including Miessner's corpuscles and Merkel 

discs. These receptors allow us to feel and aware about the touching of our clothes with our 

skin as well as other irritating chemicals (Elain, 2005). During high temperature and exercise 

our skin cools our body as well as maintain temperature homeostasis because water present in 

the sweat evaporates (Robert, 2005). In case when the body is too cold it is insulated by the 

presence of deep adipose tissues preventing heat loss from the body (Barbara and John, 

2005). 

Vitamin D in the human skin is synthesized in two stages starting with the production of 

previtamin D after irradiation of 7-dehydrocholesterol by ultraviolet B (UVB) irradiations 

with wavelength 280-315 nm. UVB irradiations struck to the skin cells which isomerise 7-

dehydrocholesterol (7DHC) to previtamin D3. Following this initial isomerisation, the 

previtamin D3 undergoes a heat isomerisation in the skin to vitamin D3. This process takes 

several hours (Ann and Ola, 2006). 
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2.5.5. Drug Transport Through Human Skin 

Human skin is an effective, selective barrier to chemical permeation. Most small water-

soluble non-electrolytes diffuse into the systemic circulation a thousand times more rapidly 

when the horny layer is absent. 

Among the various skin layers, stratum corneum (SC) is the rate-limiting barrier to 

percutaneous drug transport due to its desquamating 'horny' properties comprising about 15–

20 rows of flat partially desiccated dead keratinized epidermal cells. Due to the lipid - rich 

nature of the SC layer (40% lipids, 40% protein and only 20% water) and its low water 

content transport of hydrophilic or charged molecules across SC is low while transport of 

lipophilic drug molecules (Amir et al., 2004). 

2.5.6. Skin Absorption Pathways 

Skin absorption pathways can be divided into the transport: 

(1) Across the intact stratum corneum and  

(2) Along the skin appendages. 

The physicochemical properties of the drug as well as the nature of the formulation are the 

main factors influencing the choice of pathway. 

2.5.7. Transport across the Intact Stratum Corneum 

Originating from the structure of the stratum corneum two permeation pathways are possible:    

(a) The intercellular route and  

(b) The transcellular route. 

The intercellular route is considered to be the predominantly used pathway in most cases 

especially when steady-state conditions in the stratum corneum are reached. Substance 

transport occurs in the bilayer-structured continuous intercellular lipid domain within the 

stratum corneum, the intercellular pathway provides hydrophilic and lipophilic regions 

allowing more hydrophilic substances to use the hydrophilic and vise versa. Under normal 

conditions the transcellular route is not considered as the preferred way of dermal invasion 
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the reason being the very low permeability through the corneocytes and the obligation to 

partition several times from the more hydrophilic corneocytes into the lipid intercellular 

layers in the stratum corneum and vice versa (Vilegave et al., 2012; Gupta et al., 2006). 

 

Fig 2.4: Transport of Drugs Through Stratum Corneum 

 

2.5.8. Skin and Photo-radiations 

Mechanism of photoradiations and stages for their prevention can be understand with the help 

of Figure 2.5. 

	

 

2.6. Acne Vulgaris	

Acne vulgaris is a chronic inflammatory disorder of sebaceous follicles, found primarily on 

the face and upper trunk (chest and back). Acne is the most common skin disease, affecting 

Fig 2.5: Mechanism of Photo-radiations 
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about 80% of individuals at some point in the ages of 11 and 30 years. Although not life-

threatening, acne can harmfully impact psychosocial development, and may cause major 

emotional problems, depression, and even suicide (Aktar et al., 2000). It is a pleomorphic 

disorder with multi-factorial pathogenesis (Oberemok et al., 2002). Acne vulgaris is 

characterized by the development of comedones, erythematous papules and pustules and less 

regularly by nodules or pseudo-cysts (Strauss et al., 1974). Regardless of its common 

incident, the pathogenesis of acne is not fully tacit. Excessive peelings of epithelial cells from 

the walls of follicles combined with augmented amounts of sebum produced by sebaceous 

glands are two important factors that contribute to follicular hindrance. This hindrance 

resulted in the formation of micro-comedos, which are supposed to be the pioneer lesions of 

acne. These micro-comedos may develop into clinically visible black-heads and white-heads 

or papules, pustules, or cysts. Propionibacterium acnes (P. acnes) are gram-positive, 

anaerobic bacteria that are part of the normal skin flora (Kang et al., 2005). They play an vital 

role in the pathogenesis of acne vulgaris by triggering pro-inflammatory mediators (Graham 

et al., 2004) through activation of Toll-like receptors 2 (TLR2) (Jugeau et al., 2005). Among 

these mediators, IL-8, originally identified as neutrophil-activating peptide-1, along with P. 

acnes induce chemotactic factors that play a role in attracting neutrophils to the pilosebaceous 

unit (Nagy et al., 2005). The production of IL-8 by P. acnes is through activation of the 

nuclear factor-κB (Kim, 2005). Gene array expression profiling in acne lesions discloses 

marked up-regulation of genes, including IL-8, involved in inflammation and matrix 

remodelling (Trivedi et al., 2006). 

2.6.1. Aetiopathogenesis 

Acne is a multifactorial disease. Genetic factors, stress androgens and excess sweating all 

influence the development and/or severity of acne. Corticosteroids, oral contraceptives, 

iodides, bromides, lithium and dioxins are known to induce acne. Endocrine disorders such as 

Cushing's syndrome and polycystic ovary syndrome may also be involved in acne production. 
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Propionobacterium acnes colonises the follicular duct and proliferates, breaking down the 

sebum to triglycerides, irritants that probably contribute to the development of inflammation 

and/or acne (Norris and Cunliffe, 1988). 

2.6.2. Classification of Acne 

Numerous ranking scales have been developed to grade the severity of the individual’s 

condition. No method has yet achieved universal acceptance and most dermatologists simply 

grade the severity of acne as mild, moderate and severe as shown in Table 2.3. (Beers, 2006) 

Another classification of acne severity is to grade acne as follows (Sinclair and Jordaan, 

2005): 

• Grade 1: Comedones only. 

• Grade 2: Inflammatory papules present in addition to the comedones. 

• Grade 3: Pustules present in addition to any of the above. 

• Grade 4: Nodules, cysts, conglobate lesions or ulcers present in addition to any of the 

above. 

Table 2.3: Classification of Acne Severity 

Severity  Definition  

Mild < 20 comedones, or < 15 inflammatory 

lesions, or < 30 total lesions 

Moderate 20 to 100 comedones, or 15 to 50 

inflammatory lesions, or 30 to 125 total 

lesions 

Severe  > 5 cysts, or total comedone count >100, 

or total inflammatory count >5 0, or > 125 

total lesions 

2.6.3. Treatment of Acne 

There are four key principles in the treatment of acne (1) correct the altered pattern of 

follicular keratinization, (2) reduce the sebaceous gland activity, (3) decrease the follicular 
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bacterial (P.acne and S.epidermidis) population and (4) fabricate anti-inflammatory effects 

(Kyu, 2006). 

2.7.  Melasma 

Melasma is linked with numerous etiologic factors, most importantly, sun exposure. Melasma 

skin contains increased melanin, melanocytes and melanosomes as well as increased 

synthesis of tyrosinase as compared to normal skin. Treatment consists of phenolic and non-

phenolic depigmenting agents as well as lasers (Kang et al., 2002). Hyperpigmentation is 

particularly common in darker complected patients and is often hard to treat (Helen, 2006). 

Skin-lightening agents are used to treat hyper-pigmentation. Researchers have discovered and 

assumed various in-vivo and in-vitro studies on skin-lightening agents. Arbutin, 

hydroquinone and several plant extracts are tried to achieve the skin-lightening effect and are 

being used in cosmetics. Skin-lightening agents inhibit the conversion of tyrosine to melanin 

by the enzyme tyrosinase thus tyrosinase is the rate-limiting enzyme in melanin synthesis. 

Tyrosinase is a copper-containing enzyme that catalyzes melanin biosynthesis in three steps: 

the hydroxylation of tyrosine to DOPA (3, 4-dihydroxyphenylalanine), oxidation of DOPA to 

DOPA quinone and oxidation of 5, 6-dihydroxyindole to indolequinone. Tyrosinase 

inhibitors play a vital role as skin-lightening agents (Kanthraj, 2010) 

Many plant extracts have a good inhibitory effect on melanin formation and may be a good 

choice for the cosmetic purposes of whitening facial skin and defense against skin darkening. 

In addition, they have comparatively less side effects (Kim and Lee, 1998). In cosmetic 

preparations, many plant extracts such as Morus alba, Glycyrrhiza glabra and Green tea have 

been used as whitening agents (Lee et al., 1997; Bernard and Berthon, 2000; Baurin et al., 

2002). 
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2.8. Trans Epidermal Water Loss (TEWL) and Tewa meter 

The appearance and function of the skin are maintained by a significant balance between the 

stratum corneum (SC) water content and skin surface lipids. Disclosure to external factors 

like air humidity, UV radiations and temperature as well as endogenous factors like hormones 

may disrupt this balance. In addition frequent use of soaps, detergents, alcohol and hot water 

can remove the skin surface lipids. When this balance is disturbed, skin mechanical 

properties and water content get disturbed resulted in dry skin and loss of its elasticity. In 

these cases, effective dermato-cosmetic products must be used to improve the skin hydration 

and viscoelasticity not only for aesthetic purposes but also to maintain the typical conditions 

of skin and to prevent dry skin conditions (Kapoor and Saraf, 2010).  

Measurement of the transepidermal water loss, expressed in grams per square meter and per 

hour (gm cm2/hr) is used to study the water barrier function of the human skin. The more 

ideal the skin protective coat, the higher the water content and lower TEWL. 

TEWL measurements allow discovering disturbances in the skin protective function. Normal 

skin permits little water loss. In case of atopic skin, the water loss is much higher. The 

determination of TEWL is an important support to investigate the skin irritation that occurs 

by various chemical and physical influences (Van der Valk, 2005). 

Tewameter has a handeled probe which measures the water evaporation occurs from skin 

surface. It is based on the Nilson's vapor pressure-gradient estimation method (Shaleah et al., 

2004). 
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Fig 2.6: Non-invasive Probed Tewameter 

2.9. Stratum Corneum Water Contents and Corneometer® 

The total amount of water within the stratum corneum is of significance both for barrier 

characteristics and for the clinical manifestation of the skin. This water content can be 

measured with a new instrument, the CM 825, which takes advantage of the high dielectric 

constant of water (Werner, 1986). Corneometer determines the capacitance of the skin as it 

behaves as a dielectric medium. Corneometer measures a depth of 10-20 µm of the stratum 

corneum of epidermis (Shaleah et al., 2004). A glass lamina in the probe splits the two gold 

metallic tracks from the skin to avert current conduction in the sample. During measurement 

of dielectric constant, an electric field is generated. One track of the gold provides negative 

charge where as the other provides positive charge. In this way a complete dielectric constant 

of water and another substance is measured (Courage and Kazaka 2003). 

 

 

 

 

 

 

Fig 2.7: Non invasive probed Corneometer 
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2.10. Skin Sebum Contents and Sebumeter® 

The presence of facial sebum is liable for both facial shine and the creation of comedonal or 

inflammatory acne lesions. Sebum control is the goal of many OTC skin care products. 

However, most presently available products act by absorbing facial sebum rather than 

modulating its secretion. 

Measurement of skin surface sebum is advantageous as it may provide an objective 

evaluation of the “oiliness and/or greasiness” of the skin. This is imperative in the cosmetic 

formulation tailored toward not causing oiliness or toward diminishing oiliness of the skin. 

Measurement of skin surface sebum also makes easy the evaluation of efficacy of oil-control 

formulations and drug formulations that decrease sebum discharge. Using a diversity of 

techniques, baseline measurements and treatment results can be checked in an accurate and 

reproducible manner (Zoe et al., 2006). Sebumeter is used to determine the skin surface 

sebum.The measuring principle is the photometric method. A probe(cassette) is provided 

with a transparent tape. During measurment the probe containig the tape is inserted into the 

device where the transparancy is determined by a light source. A photocell in the device 

measures the transparancy.Thye quantity of light transmitted is the amount of sebum 

presented on the measuring area(Courage and Kazaka, 2003). 

 

 
 
 
 
 
   

Fig 2.8: Sebumeter (Device & cassette). 

 

 
 



26 
 

2.11. Skin Pigmentation and Mexameter® 

Analysis of skin pigmentation is desirable for accurate documentation of pigmentation 

disorders like melasma. Non-invasive instruments have been used for skin pigmentation for 

several decades. All are based on the ability of melanin to assuage light. Mexameter is used 

to determine the skin melanin contents. Mexameter is based on the absorption principle. 

Mexameter is provided with a probe emitting light of three wavelengths (Courage & Kazaka 

2003). The Mexameter provides reproducible, objective measurement of pigment (melanin) 

based on the absorption spectra of light and has an accuracy of ±5%. Mexameter readings 

range from 1 to 1000, with 1 representing white and 1000 representing black (Mary et al., 

2002). 

 

 

 

 

Fig 2.9: Mexameter 
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2.12. SELS and Visioscan VC® 98 

SELS is described by four different parameters like roughness (SEr), scaliness (SEsc), 

smoothness (SEsm) and wrinkling (SEw). Previously profilometry was the only method 

which is based on skin replica for its calculations to determine the condition of the skin 

surface. A new method, where the skin can be examined optically using an image-

digitalization process without using replica is a big progress in the scientific research.  

This new method is called surface evaluation of the living skin (SELS). SELS method is 

determined by Visioscan. The major advantages of Visioscan VC98 are: 

1. It is cost effective in comparison to visiometer which utilizes blue dyed silicones  

2. Time saving.  

Visioscan VC98 is based on a graphic representation of the living skin under special 

illumination and assessment of this image according to four clinical parameters, SEr, SEsm, 

SEsc and SEw. The parameters correspond to the condition of skin surface. Visioscan is 

outfitted with special video camera of UV-A light which captures high resolution (HR) image 

of the skin and/or hair (Barkat et al., 2012). 

 

 

 

 

 

 

 

 

Fig 2.10: Visioscan VC® 98 
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2.13. Literature Related to Plants Used in the Study 

2.13.1. Cassia fistula L 

Over the last few years, researchers have aimed at identifying and validating plant-derived 

substances for the treatment of various diseases. Interestingly it is estimated that more than 

25% of the modern medicines are directly or indirectly derived from plants.  

Indian traditional medicine is based on various systems including Ayurveda, Siddha, Unani 

and Homoeopathy. The evaluation of these drugs is primarily based on phytochemical, 

pharmacological and allied approaches including various instrumental techniques such 

chromatography, microscopy and others. With the emerging worldwide interest in adopting 

and studying traditional systems and exploiting their potential based on different health care 

systems, the evaluation of the rich heritage of traditional medicine is essential. In this regard, 

one such plant is Cassia fistula. 

Cassia fistula (family Fabaceae) commonly known as Amulthus while in english it is called 

“Indian Laburnum”. It has been extensively used in Ayurvedic system of medicine for 

various ailments. It is widely used in traditional medicinal system of India and has been 

reported to possess hepatoprotective, anti-inflammatory, antitussive and antifungal/ 

antibacterial activities (Gupta, 2010).  

2.13.1.1. Taxonomic Classification 

A complete taxonomical classification of Cassia fistula is presented in Table 2.4. 
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Table 2.4: Taxonomical Classification of Cassia fistula 

 

2.13.1.2. Vernacular Names 

English Golden Shower  

Hindi Sonhali, Amultus 

Marathi Bahava 

Tamil Shrakkonnai,  

Sanskrit Nripadruma 

Arab Khayarsambhar 

Punjabi Amaltaas,  

Urdu Amaltaas 

2.13.1.3. Distribution and Morphology 

The plant is cultivated throughout India and Pakistan and found in deciduous and mixed 

monsoon forests, ascending to 1300 m in hieght (Khare, 2007). 

It has greenish grey bark and compound leaves. The fruit is cylindrical pod and seeds many 

in black, sweet pulp separated by transverse partitions. The green long pods are turned black 

on ripening after flowers shed (Gupta, 2010). Pulp is dark brown in color, sticky, sweet and 

mucilaginous in nature, odor is characteristic and unpleasant (Gupta, 2005).  

The fruit pods are 40-70 cm long and 20-27mm in diameter, straight or slightly curved, 

smooth but finely striated transversely, the striations appearing as fine fissures.  

Kingdom Plantae 

Subkingdom Tracheobinota 

Super Division Spermatophyta 

Division Mangoliophyta 

Class Magnoliopsida 

Sub Class Rosidae 

Order Fabales 

Family Fabacae 

Genus Cassia 

Species fistula 
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2.13.1.4. Phytochemistry 

Pulp of the pod contains anthraquinone glycosides like sennosides A & B, rhein and its 

glucoside, barbaloin, aloin, formic acid, butyric acid, oxalic acid, pectin and tannin (Khare, 

2007; Agarwal, 2005). Flowers contain kaempferol, rhein and fistulin. Leaves possess free 

rhein and sennosides A & B (Khare, 2007). 

Root bark besides tannins contains phlobaphenes and oxyanthraquinone substances 

(Nadkarni, 2009; Agarwal, 2005). β sitosterol has been isolated from flowers and roots.  

The seed oil contains cyclopropenoid fatty acids like vernolic, malvalic and stetculic acids. 

Fruit pulp also contained proteins, carbohydrates, arginine, leucine, methionine, 

phenylalanine, tryptophan, aspartic and glutamic acids. (-) epiafzelechin, (+) catechin, 

kaempferol, dihydrokaempferol are isolated from fruit pulp (Rastogi, 2004). 

Saturated and unsaturated fatty acids present in the oil were separated. The major fatty acids 

found in the oil were linoleic acid, oleic acid, stearic acid and palmitic acid. In addition to 

the above, caprylic acid and myristic acid were also present in minor amounts (Sayeed et al., 

1999). 

 

 

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig 2.11: Structures of Two Important Phytoconstituents Isolated from Cassia fistula 
 
 

Rhein      Fistulic Acid
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2.13.1.5. Pharmacological and Traditional Uses 

The root is prescribed as a tonic, astringent, febrifuge and strong purgative (Gupta, 2010). 

Extract of the root bark with alcohol can be used for backwart fever. The leaves are laxative 

and used externally as emollient, a poultice is used for chilblains, in insect bites, swelling, 

rheumatism and facial paralysis (Chopra et al., 2006). Leaves posses anti periodic and 

laxative properties, the leaves are used in jaundice, piles, rheumatism ulcers and also 

externally skin eruptions, ring worms, eczema. The leaves and bark mixed with oil are 

applied to pustules, insect bites (Kirtikar, 2006). The roots are used in chest pain, joint pain, 

migraine and blood dysentery. The extract of the root lowered the blood sugar level up to 

30%. 

Ashes from burnt pods mixed with little salt are used with honey to relieve cough (Gupta, 

2010). Root is useful in fever, heart diseases, retained excretions and biliousness (Chopra et 

al., 2006). Fruits are used as catharatic and in snake bite. Juice of leaves is used in skin 

diseases (Nadkarni, 2009; Agarwal, 2005). The ethanolic 50% extract of pods show 

antifertility activity in female albino rats. The heated pods are applied to swellings on the 

neck due to cold. The fruits are reported to be used for asthma (Kirtikar, 2006). The drug is 

used as analgesic as an antipyretic, it is a remedy for malaria and fever. It is also applied in 

blood poisoning, anthrax and antidysentric, leprosy and antidiabetic, for the removal of 

abdominal obstruction. The extract of the flower inhibits the ovarian function and stimulate 

the uterine function in albino rats. Juice of leaves is useful as dressing for ringworm, 

relieving irritation and relief of dropsical swelling. Externally, it is useful for evacuation in 

flatulent colic, as dressing for gouty or rheumatic joints (Agarwal, 2005).  

The root is used in cardiac disorders biliousness, rheumatic condition, haemorrhages, 

wounds, ulcers and boils and various skin diseases (Vaishnava, 1993).  
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Figure 2.12: Cassia fistula (Amaltus) Flower, Leaves, Pods and Trunk 

 

2.13.2. Hippophae rhamnoides 

2.13.2.1. Taxonomical Classification  

It is proposed that taxonomical classification has made greater efforts to conserve existing 

plant names, for the benefit of phytochemists and other users. A brief taxonomical 

classification of Hippophae rhamnoides is presented in Table 2.5. 

Table 2.5: Taxonomical classification of Hippophae rhamnoides 

Kingdom Plantae  

Subkingdom Tracheobionta  

Division Magnoliophyta  

Class Magnoliopsida  

Subclass Rosidae  

Order Rhamnales  

Family Elaeagnaceae  

Genus Hippophae  

Species rhamnoides  
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2.13.2.2. Phytochemistry 

Chemical composition of the Hippophae rhamnoides varies according to the origin, climate 

and method of extraction (Zeb, 2006). Hippophae rhamnoides consists of Fruit acids, 

ascorbic acid, Flavonoids, carotinoids, fatty acids and sugar alcohols (Heber, 2007). 

Flavonoids are present in all parts of Hippophae rhamnoides. Fresh fruits contain 854 

mg/100gm while dried leaves contain 3888 mg/100 gm of Flavonoids. The main Flavonoids 

in Hippophae rhamnoides are isorhamnetein, Quercetin, myricetin and kaempfero (Zhao, 

1997). 

Polyphenoles include flavonols, catechins, proanthocyanidins and chlorogenic acids (Daniel, 

2003). The vitamin C concentration in Hippophae rhamnoides ranges from 28-2500 mg/100 

gm of berries in various subspecies of Hippophae rhamnoides. The various factors, which 

affect the concentration of vitamin C, include temperature, harvesting time, origin and 

method of processing. Subspecies of Hippophae rhamnoides also contain vitamin A, vitamin 

B1, B2, vitamin K and vitamin P (Zeb, 2006). Seeds and berries have sufficient amount of 

toco-pherols (vitamin E). The concentration of toco-pherols and toco-trienols ranges from 

100-300 mg/1000 gm in seeds and 110-150 mg/1000 gm of berries Yellow –orange color of 

the berries is due the presence of Carotinoids. Carotinoids in seeds present in a concentration 

of 1/20-1/5 to that of berries (Young, 2002). Organic acids like malic acid and quinic acids 

are also present in the Hippophae rhamnoides juice. Minerals in Hippophae rhamnoides juice 

include potassium, the most abundant, Cu, Cd, Fe, Zn, Mg etc (Zeb, 2006). Fatty acids 

distribution in the mesocarp and seeds lipids is different. The main fatty acids are palmitoleic 

acid, palmitic acid, linoleic acid and oleic acid (Cakir, 2004). 

2.13.2.3. Uses in Traditional Medicine      

Hippophae rhamnoides juice is an important source of some valuable chemicals such as 

vitamin C, tocopherolmcrotrients, organic acids and polyunsaturated fatty acids. The juice of 
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Hippophae rhamnoides was the common medicine used in ancient (Zeb, 2006). The leaves 

and fruits have been used as antiseptic and wound healing as well as in the treatment of ulcers 

in folk medicines in Turkey (Cakir, 2004). Tom et al reported that Hippophae rhamnoides 

has valuable medicinal importance such as it is used in the treatment of skin disorder 

resulting from bed incarceration, peptic ulcers (both stomach and duodenal ulcers) and 

cardiovascular disorders (Tom et al., 2009). For the past 5 decades Hippophae rhamnoides 

has been used for the treatment of radiation damage, inflammation and burns in Chinese folk 

medicines (Negi et al., 2005). Hippophae rhamnoides oils have been used in natruceuticals, 

natural medicines and cosmetics as raw materials in Russia for some decades (Young, 2002). 

Hippophae rhamnoides oil extracts have also been used in the treatment of skin disorders 

such as eczema, psoriasis, lupus erythematosus and dermatosus (Guliyev et al., 2004). 

Hippophae rhamnoides has been used in various part of the world as traditional medicine for 

the treatment of indigestion, cough and blood sepsis (Ken et al., 2009). 

2.13.2.4. Pharmacological Effects  

Guliyew et al have briefly reviewed pharmacological effects of Hippophae rhamnoides plant. 

2.13.2.4 (a). Antimicrobial and Antitumoral Effects 

The phenolic compounds of Hippophae rhamnoides have the inhibitory effects against Gram-

negative bacteria (Guliyev et al., 2004). 70% Hippophae rhamnoides branches extract has 

proven activity against TPA induced tumor. This activity is because of three phenolic 

compounds such as catechin, gallocatechin and epigallocatechin (Ken et al., 2009). 

2.13.2.4 (b). Antiulcerogenic Effect 

Hexane extract of Hippophae rhamnoides has activity against indometacin; stress and ethanol 

induced gastric ulcer (Guliyev et al., 2004). 
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2.13.2.4 (c). Liver Diseases 

According to Zhao et al Hippophae rhamnoides could be used to protect liver from damage 

by calcium tetrachloride. Combining Hippophae rhamnoides juice with antivirus can shorten 

the normalization time of serum ALT (Zhou, 1998). 

2.13.2.5.  Dermatological Effects 

Hippophae rhamnoides has beneficial effects against dermatological disorders such atopic 

dermatitis (Guliyev et al., 2004). 

2.13.2.6.  Anti-sebum Secretion Effects 

Naveed et al has reported the anti-sebum secretion effects of Hippophae rhamnoides by 

formulating a topical skin-care cream. They demonstrated that type 1-α reductase converts 

testosterone into more potent dihydrotestosterone, which results in the enlargement of 

sebaceous gland, leading to secreting high level of sebum.  The polyphenol plant extract 

regulates the extreme sebum secretion. Topically applied oleic and linoleic acids have proved 

to inhibit type 1-α reductase. Polyphenoles in Hippophae rhamnoides include flavonols, 

catechins, proanthocyanidins, and chlorogenic acids, whereas the main fatty acids of 

Hippophae rhamnoides are palmitoleic acid, palmitic acid, linoleic acid, and oleic acid which 

regulate sebum secretion by inhibiting type 1-α reductase (Akhtar et al., 2010). 

2.13.2.7. Miscellaneous Effects 

Guliyew has reported that Hippophae rhamnoides has effects on platelet aggregation, effects 

on blood lipids, electrophysiological effects as well as radio-protective effects have also been 

shown (Guliyev and Gul, 2004). 
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Figure 2.13: Hippophae rhamnoides (Sea Buckthorn) Leaves and Berries (Fruits) 
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3. MATERIALS AND METHODS 

3.1. Chemicals and Apparatus 

3.1.1. Chemicals 

All chemical used were of analytical grades. 

Table 3.1: List of the Chemicals Used 

Chemical Manufacturer 

Paraffin oil, Stearic acid, Bees wax, 

Cetomacrogol, Analytical grade Methanol, 

and Ethanol, 

Merck KGaA Darmstadt, Germany 

Hippophae rhamnoides, Cassia fistula 

Extracts 

Department of Pharmacy, IUB, Pakistan 

Bismuth nitrate, Potassium iodide, Acetic 

acid 

BDH England 

 

Mercuric chloride, Hydrochloric acid, 

Benzene, Ammonia solution (35%), Sudan 

red 

Sigma-Aldrich Switzerland 

Sodium hydroxide Pellets, Aluminium 

chloride, Potassium hydroxide, Ferric 

chloride, Glacial acetic acid 

Franken Chemicals, Gebinde Germany 

Catechin, Gallic acid, Quercitin, Folin and 

Ciocalteau’s reagent, Ferric chloride, 2,2-

diphenyl-1-picrylhydrazyl radical (DPPH), 

Trichloroacetic acid (TCA), Thiobarbituric 

acid (TBA), Butylated hydroxyl toluene 

(BHT), Butylated hydroxyanisole (BHA), L-

Ascorbic acid and 2,4,6-tri (2-pyridyl)-s-

triazine (TPTZ) 

Sigma (St Louis, MO), USA 

Tween80, Span20 and Amaranth BDH England 

P.acne (ATCC 6919) and S. epidermidis 

(ATCC 14990) 

Microbial culture collection section, 

Department of Biotechnology, The Islamia 

University of Bahawalpur 

Distilled Water Department of Pharmacy, IUB, Pakistan 
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3.1.2. Apparatus and Software 

All instruments used were calibrated (where applicable) 

Table 3.2: List of the Instruments/Apparatus and Software used 

 

3.2. Methods 

3.2.1. Plant Materials   

Cassia fistula pods were collected from Abbasia Campus, the Islamia University of 

Bahawalpur, Pakistan while Hippophae rhamnoides berries were obtained from Pak sea 

Apparatus Model or/and Made 

Centrifuge machine Hettich EBA 20, Germany 

Cold incubator Sanyo MIR-153, Japan 

Hot incubator Sanyo MIR-162, Japan 

Conductivity-meter WTW COND-197i, Germany 

MPA 5 (Mexameter, Corneometer, 

Tewameter, Sebumeter) 

Courage + Khazaka, Germany 

Visioscan VC® 98 Courage + Khazaka, Germany 

Digital humidity meter TES Electronic Corp, Taiwan 

Electrical balance Precisa BJ-210, Switzerland 

Homogenizer Euro-Star, IKA D 230, Germany 

pH-meter WTW pH-197i, Germany 

Rotary evaporator Eyela, Co. Ltd. Japan 

Dual-beam UV-VIS spectrophotometer Uvikon XL, Bio-Tek Instruments, Bad 

Friedrichshall, Germany 

DV-III Ultra rheometer Brookfield Engineering Laboratories 

Water bath HH .S21 4. China 

Software’s 

Rheocalc Version 1 

Graphpad prism Version 5 

EZ-Fit Enzyme Kinetics Software Version  5.03 

Graphpad instate Version 3 
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buckthorn international Skardo Pakistan. The identification of these plants was performed at 

Cholistan Institute of Desert studies, The Islamia University of Bahawalpur. The voucher 

specimens (voucher # CF-LF-04-11-21 and HR-FT-03-11-23) were preserved at the 

herbarium of Pharmacognosy Section, Faculty of Pharmacy and Alternative Medicine, The 

Islamia University of Bahawalpur for future reference. 

3.2.2. Preparation of Plant Extracts 

Cassia fistula pods: 150 Gms dried ground plant material was extracted with 70% methanol 

for 72 hrs at room temperature in a 5 liter beaker. The residues were extracted twice with the 

same fresh solvent and extracts combined. 

Hippophae rhamnoides:  Hippophae rhamnoides berries were crushed and successively 

extracted. 320 Gms were macerated by a mixture of 2 liters of analytical grade methanol and 

distilled water in 1:1 ratio in a glass beaker. Glass beaker was sealed with aluminum foil and 

kept at room temperature for 72 hrs at room temperature. 

The macerated plant materials were filtered through 08 layers of muslin cloth for coarse 

filtration separately. The coarse filtrates were then filtered through Whatman # 01 filter 

paper in order to get particle free extracts. The filtrates were evaporated under reduced 

pressure at 40ºC in a Rotary vacuum evaporator.  

3.2.3. Phytochemical Screening 

The preliminary phytochemical tests were performed according to the standard procedures 

of Evans (2008), Sofowara (1993) and Harborne (1973). 

3.2.3.1. Test for Alkaloids (Mayer’s Reagent and Dragendroff’s test) 

The test was carried out by subjecting 0.5-0.6 g of alcoholic plant extract in 08 ml of 1% 

HCl, boiled, filtered and Mayer’s reagent was applied. Turbidity or occurrence of orange-

red precipitate indicates the presence of alkaloids. Dragendroff’s test: 20 gm of the plant 

extract was heated with MeOH: CHCl3 (1:1) mixture and checked it on silica gel plates 
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using the following solvent system: MeOH: CHCl3 (1:9), EtOAc: CHCl3 (2:8), MeOH: NH3 

(100:3).  

3.2.3.2. Test for Flavonoids 

Around 75 ml of the prepared plant extract was evaporated to dryness and wash with ether 

to remove any fatty material. The defatted residue was dissolved in 30 ml of 80% ethanol 

and filtered. This filtrate was used for: 3 ml of the filtrate was mixed with 4 ml of 1% AlCl3 

in MeOH in a test tube. Formation of yellow color precipitate indicated the presence of 

flavonoids (flavonols, flavones and chalcones). 3 ml of the filtrate was mixed with 4 ml of 

1% KOH.  

3.2.3.3. Test for Tannins 

0.5 mg of the plant extract was dissolved in 10 ml of distilled water and then filtered. Few 

drops of 1% FeCl3 (ferric chloride) solution were added to the filtrate.  

3.2.3.4. FeCl3 test for Glycoside  

5 ml of conc. H2SO4 was added to 0.5 gm of the plant extract and boiled for 15 min. This 

was then cooled and neutralized with 20% KOH. The solution was divided into two 

portions. Few drops of FeCl3 (ferric chloride) solution was added to one of the portions. 

3.2.2.5. Frothing Test for Saponins 

The plant extract was subjected to frothing test for the identification of saponins. 0.5 gm of 

the plant extract was dissolved in boiling water in attest tube. After cooling shake the tube 

vigorously to forth and classify for saponins as, No forth: negative test, forth less than 1 cm: 

weakly positive, forth greater than 1 cm height: positive test, forth greater than 2 cm in 

height: strongly positive. 

3.2.3.6. Test for Anthraquinones 

5 gm of the plant extract was shaken with 10 ml of benzene and filtered. 5 ml of 10% 

NH4OH solution was added to the filtrate and stirred.  
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3.2.3.7. Test for Coumarins 

For identification of coumarins, a piece of filter paper was moistened with NaOH and then 

kept over a test tube with 1 gm of boiling plant extract.  

3.2.4. Acute Toxicity Test 

Acute toxicity test was performed on albino mice weighing about 18-26 gm. Mice were kept 

in poly-carbonated cages. The crude extract was given in the doses of 300mg/Kg, 

1000mg/Kg and 10000 mg/Kg of body weight orally to different groups of mice, each group 

consisting of six mice. The behaviors of animals were observed for 2hrs, 4hrs, 6hrs, 8hrs, 

12hrs and 24hrs. The number of animals survived after 24 and 48 hrs were also noted. A 

normal control was also run parallel which was receiving normal saline (10 ml/Kg). The 

mice received tap water and normal diet ad labitum (Sanmugapriya, 2006). 

3.2.5. Total Phenolics 

Total phenolic contents were measured by a previously described procedure (Yafang et al., 

2011). Briefly, extract (200 µl) was oxidized with Folin-Ciocalteau’s reagent (1 ml; 0.5 N) 

and then the reaction was neutralized with 1 ml of the saturated sodium carbonate (75 g/L). 

After incubation for 2 hrs at room temperature, the absorbance of the resulting blue color 

solution was measured at 760 nm with spectrophotometer. Quantification was done on the 

basis of the standard curve of gallic acid. Results were expressed as milligram of gallic acid 

equivalent (mg GAE/g). 

3.2.6. Antioxidant Activity of Extracts 

3.2.6.1. DPPH Free Radical Scavenging Activity  

Free radical scavenging assay was performed following method of Sharma et al., (2011). 

Stock solution of DPPH (33 mg/ L) was prepared in methanol, which gave initial 

absorbance of 0.493. Stock solution (5 ml) was added to 1 ml of extract solution at different 

dilutions (250–1500 μg/ml). After 30 min, absorbance was measured at 517 nm 

spectophotometrically and concentration was calculated from standard calibration curve. 
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Scavenging activity was expressed as the percentage inhibition calculated using the 

following formula: 

Inhibition (%) =   

Where A0= absorbance of the control and A1= absorbance of the extract. Scavenging 

activity was compared with ascorbic acid. 

3.2.6.2. Nitric Oxide Scavenging Assay 

Nitric oxide scavenging activity was measured spectophotometrically by mixing sodium 

nitroprusside (5 mM) dissolved in phosphate buffered saline with different concentrations of 

methanolic extract (250–1500 µg/ml) (Govindarajan et al., 2003). After ambient incubation 

for 30 min, 1.5 ml of this solution was taken and diluted with 1.5 ml of Griess reagent 

(prepared by dissolving 1% sulphanilamide, 2% phosphoric acid and 0.1% N-1-

naphthylethylenediamine dihydrochloride). During reaction, diazotization of nitrite with 

sulphanilamide and subsequent coupling with N-1-naphthylethylene diaminedihydro 

chloride resulted in the formation of active chromophore that was estimated at 546 nm. The 

measured percent scavenging activity was compared with ascorbic acid used as standard. 

3.2.6.3. Hydroxyl Ion Radical Scavenging Assay 

Different concentrations of extracts (250-1500 µg/ml) were placed in a test tube and 

evaporated to dryness. To each tube, iron-EDTA solution (0.13% ferrous ammonium sulfate 

and 0.26% EDTA; 1 mL), EDTA (0.5 mL; 0.018%), DMSO (0.85%, v/v in 0.1 M phosphate 

buffer, pH 7.4) and ascorbic acid (0.5 mL; 0.22%) were added (Kumar et al., 2008). The 

tubes were capped tightly and heated in a water bath at 80–90°C for 15 min. The reaction 

was terminated by adding 1 mL of ice-cold TCA (17.5% w/v). Three ml of Nash reagent 

(75.0 g ammonium acetate, 3 mL glacial acetic acid and 2 mL acetyl acetone were mixed 

and water was added to a total volume of 1 L) was added to each tube and left at room 

temperature for 15 min for color development. The intensity of the yellow color formed was 
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measured at 412 nm against a blank of the reagent. Percentage inhibition was determined by 

comparing the results of the test extracts with BHA. 

3.2.6.4. Superoxide Anion Radical Scavenging Assay 

For measurement of anion radical scavenging potential, reaction mixture included nitro blue 

tetrazolium (pH = 7.4; 1 ml; 156 mM), NADH solution (pH = 7.4; 1 ml; 468 mM), and 

different concentrations of extracts (250-1500 μg/ml). To initiate the reaction, 100 ml of 60 

mM phenazine methosulfate (pH 7.4) was added to the mixture and incubated at 25°C for 5 

min. Absorbance was measured at 560 nm against blank and was compared with standards 

as described previously (Zia et al., 2008). Decreased absorbance of reaction mixture was 

indicative of increased superoxide anion scavenging activity. Following formula was used to 

calculate % inhibition of superoxide anion generation: 

Inhibition (%) =   

Where A0 = absorbance of the control and A1= absorbance of the extract. Synthetic 

antioxidant (BHA) and natural antioxidant (α-tocopherol), at 200 ppm, were used for 

comparison. 

3.2.7. In-vitro Tyrosinase Inhibition Assay 

Total volume of reaction mixture contained 100 μl. 40 μl of 100 mM phosphate buffer (pH 

6.8), 20 μl mushroom tyrosinase enzyme (6 units) and 10 μl 0.5 mM test compound was 

mixed in 96-well plate (Levvy and Marsh, 1991). Contents were pre-incubated for 5 min at 

37oĊ. After incubation, 30 μl of 10mM L-dopamine was added as a substrate. Contents were 

mixed and incubated for further 10 min. Absorbance was taken at 490 nm using Synergy HT 

BioTek 96-well plate reader. Kojic acid was used as a control. 

The enzyme inhibition (%) was calculated by the bellow formula:   

Inhibition (%) = 100 - (Abs of test sample / Abs of control × 100) 
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IC50 values (concentration at which there is 50% in enzyme catalyzed reaction) compounds 

were calculated using EZ-Fit Enzyme Kinetics Software (Perrella Scientific Inc. Amherst, 

USA). 

3.2.8. In-vitro Antibacterial Screening of Plant Extracts 

The antibacterial activity of the methanolic plant extracts was tested by agar well diffusion 

method described by Schillinger and Lucked (1989) with slight modification. The culture 

plates were prepared by pouring 20 ml of sterile nutrient agar and 1 ml inoculums 

suspension was spread uniformly over the agar medium by using sterile inoculums wire 

loop. Sterile cork borer was used to make wells of 8 mm diameters in each plate. These 

plates were labeled and 100 μl of plant extracts were poured into wells a t  concentration of 

150 mg/ml in aseptic environment using laminar flow hood. Subsequently, the plates were 

incubated for 24 hrs at 37ºC during which the activity was documented by the appearance of 

inhibitory zones around the wells. Clindamycin was used as the standard at a concentration 

of 10μg/ml. Each test was performed in triplicate and the antibacterial activities were 

expressed as the means of diameters (mm) of the zones of inhibitions surrounding wells 

containing test materials for comparison with the controls (Khyade et al., 2011). 

3.2.9. Preparation of Creams (Emulsions) 

O/W Creams (F1, F2 and F3) were prepared by the addition of aqueous phase to the oily 

phase with continuous agitation. 

The creams were stabilized by Polyoxyethylene sorbitan monooleate (Tween 80®). Oily 

phase was heated up to 700C10C. At the same time, aqueous phase was heated to 

750C10C and extracts were added in it. After that, aqueous phase was added to the oil 

phase drop by drop. Mixing was carried out at 500 rpm by the mechanical mixer for about 

20 minutes until complete aqueous phase was added, 2 to 3 drops of fragrance were added 

during this stirring time to give good odor to the formulations.  
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Base/Placebo was also prepared by the same above method but without plant extracts (the 

active ingredient). A number of formulations were prepared by varying the quantities of the 

oil phase, aqueous phase and emulsifier in the formula of the creams. These creams were 

then kept in the incubator at a temperature of 25°C for one month period. The best cream 

formulation among these was selected for further in-vitro and in-vivo studies. 

The final composition of formulations is given in Table 3.3. 

 

 

 

 

 

 
 

Table 3.3: Composition of Creams (% w/w) 

 
 

Composition 
 

Base 
(Placebo) F3 

Active Formulation 
F1 and F2 

Oily Phase 

 
01 

 
Liquid Paraffin 

 
24 

 
24 

02 Stearic Acid 5 5 

03 Span 20 2 2 

04 Bees wax 7 7 

05 Cetomacrogol 5 5 

Aqueous Phase 

01 Tween 80 6 6 

02 Plant Extract Nil 5 

03 Preservative 1 1 

04 D/W 50 45 
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3.2.10. Characterization of Creams 

Various parameters were studied to declare that the creams produced were of desired 

consistency and stability. 

3.2.10.1. Organoleptic and Physical Properties of the Creams 

Creams were examined organoleptically (odor, color) and physically 

(creaming/sedimentation and phase separation). These evaluations were carried out for a 

time period of two months at specific time intervals. 

3.2.10.2. Type of Creams 

Type of creams was analyzed microscopically. The amaranth red dye was mixed with the 

creams and a drop of the cream was placed on the microscopic slide, covered it with a cover 

slip, and examined it under a microscope. 

3.2.10.3. Centrifugation Test 

Centrifugal tests were performed for creams immediately after preparation. The centrifugal 

tests were repeated for creams after 24 hrs, 7 days, 14 days, 21 days, 28 days and 60 days of 

preparation. The centrifugal tests were performed at 25°C and at 5000 rpm for 10 minutes 

by placing approximately 5g of sample in disposable stopered centrifugal tubes. 

3.2.10.4. Electrical Conductivity Determination 

Values for electrical conductivity of freshly prepared creams and creams kept at different 

storage conditions were monitored by a digital Conductivity-Meter. Measurements were 

repeated after 24 hrs, 48 hrs, 72 hrs, 1week, 2 week, 3 week, 4week, 5week, 6week, 7week 

and 8week of preparation. 

3.2.10.5. pH Determination 

pH value of emulsions and creams kept at different storage conditions were determined by a 

digital pH-Meter. Measurements were carried out at zero time and then repeated after 24 

hrs, 48 hrs, 72 hrs, 1week, 2 week, 3 week, 4week, 5week, 6week, 7week and 8week of 

preparation. 
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3.2.10.6. Pharmaceutical Stability Tests/Phase Thaw Cycle 

Stability tests were performed on samples kept at 80C 0.10C (in refrigerator), 

250C 0.10C, 400C 0.10C and 400C 0.10C (in incubator) with 75% relative humidity 

(RH) for 2 months. These tests were performed to observe the effects of these conditions 

on the stored creams. 

3.2.10.7. Rheological Parameters and Viscosity 

Rheological parameters and viscosity of the creams was determined using Brookfield DV III 

ultra V6.0 RV cone and plate rheometer with spindle # CPE40 at 25 ± 0.5°C. Rheogram 

curves constructed with ascendant and descendant segments were obtained with rotation 

speeds increasing progressively (10 to 50 rpm) and gradually decreasing (50 to 10 rpm). 

3.2.10.8. In-vitro Tyrosinase Inhibitory Activity of Formulations 

Ozgen Ozer method with slight modification was applied for In-vitro tyrosinase inhibitory 

activity of formulations (Ozer et al., 2007). Approximately 1.5 gm of F1, F2 and F3 was 

weighed accurately into a centrifuge tube. Ten ml methanol (50%) was added and stirred in 

an ultrasonic bath for 30 min. The suspension was centrifuged at 5000 rpm for 10 min. It 

was further diluted in a ratio of 1:10 with 50% methanol and tested by the dopachrome 

method for determination of tyrosinase inhibitory effect. 

3.2.10.9. In-vitro Antibacterial Screening of Formulations 

Aditi Vats and Pranav Sharma method with slight modification was applied for In-vitro 

antibacterial screening of formulations (Aditi and Pranav, 2012). P. acne and S. epidermidis 

were incubated in agar medium for 48 hrs and adjusted to yield approximately 1x108 

CFU/ml. The solidified agar plates were swabbed with inoculums on the surface. The 

equidistance wells were cut in the plates with help of 8mm borer. In each of these wells the 

formulation solutions (100mg of formulation/10ml of D/water) were placed and the plates 

were kept at ambient temperature for 30 min to allow pre-diffusion prior to incubation at 
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370C for 72 hrs under anaerobic conditions for P. acne and under aerobic conditions for S. 

epidermidis. 

The zone of inhibition for each formulation was measured and expressed in mm. From this 

the activity index (A.I.) and Percent Inhibition (P.I.) were calculated for formulations using 

the following formula. 

A.I =  Mean zone of inhibition of formulation  
Zone of inhibition of standard  

P.I. = A.I x 100 

3.2.11. In-vivo Study Design 

Mono-centric, single blind, split-face placebo controlled study was conducted to assess the 

effects of formulations on the improvement of the skin conditions. This study was 

conducted in the month of October-December and an expert investigator ensured the proper 

handling of biometrology measurements, allowing for uniform results. Tests were carried 

out on both the right and left cheeks of volunteers. Measurements were carried out at 

baseline and on week 02, 04, 06, 08, 10 and 12. 

A total numbers of 13 male volunteers with an age range of 20-35 years were selected for 

TEWL, Stratum corneum water contents and Visioscan studies. 26 young adults (age range: 

18-30 years) with moderate facial acne vulgaris (acne grade I and II) were recruited for anti-

acne study where they were randomized into two groups with 13 patients each. Group I 

received F1 and F3 while group II received F2 and F3. 

Similarly two groups each of 13 volunteers (age 21-35) were enrolled for anti-melasma 

study. 

Approximately 500 mg of formulations were applied to the cheeks twice daily (mornings 

and evenings) over a period of 12 weeks. Prior to all measurements, volunteers were asked 

for at least 15 min wait in order to allow for complete skin adjustment to the room 

temperature. 
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Before the study, every volunteer was provided with a volunteer protocol (Table 3.4). This 

protocol stating every volunteer signed the terms and conditions of the study. Volunteers 

were not informed about the contents of formulations. All the measurements were carried-

out at 250C and 40% relative humidity conditions. On the first day, Burchard test (patch 

test) was performed on the forearms of each volunteer to determine any possible 

reactions/sensitivity to the creams. On the second day, each volunteer was provided with 

two creams. One cream was placebo and the other one was active formulation (cream). Each 

cream was marked with “right” or “left” indicating application of that cream to the 

respective cheek. The volunteers were instructed to apply the creams for 12 weeks. Every 

individual was asked to come on week 1, 2, 4, 6, 8, 10 and 12 for the skin measurements. 

 

Table 3.4: Volunteer Protocol for Written Consent 

Study level  Ph.D. 

Institute  Faculty of pharmacy & alternative medicine 

University  The Islamia university of Bahawalpur. 

Researcher Volunteer Supervisor 

Name   Name   Name   

Signature/Date  Age  Designation   

Gender  Signature   

Signature/Date  

 
3.2.12. Essential Criteria for Volunteers’ Inclusion  

Inclusion criteria function removes the influence of specific confounding variables. e.g, 

1) Use of sex pills, risks for certain disease states, tobacco use etc. 

2) No person should be hypersensitive to creams. There should be no lesions, diseases 

or any abnormality on the skin of face and forearm. 

3) No body should use any other cream or any other product on the face, at least 3 days 

prior to the study. 
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4) Every individual should read and sign the volunteer protocol. 

5) During the study, every individual should come to the laboratory for measurements. 

3.2.13. Essential Criteria for Volunteers’ Exclusion  

1) History of cardiovascular disease. 

2) Hematological or hormonal disorders  

3) Using dietary supplements including fish oils, antioxidants or vitamins.  

4) Consumption of lipid regulating or anti-coagulant drugs such as NSAIDs. 

5) Any individual under treatment for skin disorders during the study. 

6) Any individual hypersensitive to any ingredient of the cream or with history of 

sensitivity. 

7) Any individual taking steroidal therapy  

8) Any individual who does not obey the application rules of the creams. 

9) Any individual with extraordinary hair on the cheeks. 

No body can insist to be informed about the composition of creams or about the 

results of the study. 

3.2.14. Visual Survey (Only for anti-melasma effects) 

After 12 weeks of treatment, a visual survey was carried out indicated 2 parameters: Change 

in size and change in pigmentation. Photographs of only those volunteers, who allowed 

openly for reproduction, were taken (Figures 8.3 and 8.4). 

3.2.15. Clinical Evaluation (Only for ant-acne effects) 

A single dermatologist recorded all the clinical observations using assessment scale (Leeds 

grading scale). Overall change in facial acne compared with the beginning of study was 

made on the basis of mild, moderate and severe response.  

Photographs of only those volunteers, who allowed openly for reproduction, were taken. 
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3.2.16. Single Application Closed Patch Test/ Skin Compatibility  

Prior to sampling, patch test was performed to find out any possible sensitivity of 

formulations on forearms of each volunteer. A specified area (5 X 4 cm) was marked on the 

forearms. F3 was applied to Right forearm while F1 and F2 were applied to left forearm. 

The areas were covered with surgical dressing (Patches) saturated with formulations. After 

48 hrs, the patches were removed and the forearms were washed with saline. Scores were 

noted for the presence of itching/irritation using a 4 points scale ranging from 0 to 3; where 

3 stands for severe response, 2 for moderate, 1 for mild and 0 stands for absence of 

response. Each volunteer was requested to note the degree of itching/irritation and allocate a 

score from the same scale. 

3.2.17. Noninvasive Techniques for In-Vivo Skin Measurements 

3.2.17.1. Skin Melanin Contents 

Mexameter® was used to measure melanin on the cheeks. melanin contents of the volunteers 

were measured at the start of the study (zero hour), before the application of the creams and 

then on week 2, week 4, week 6, week 8, week 10 and week 12. 

3.2.17.2. Skin Sebum Contents 

Sebumeter was used to determine sebum content of the skin before application of any cream 

and then on week 2, week 4, week 6, week 8, week 10 and week 12 by using Sebumeter®. 

3.2.17.3. Stratum Corneum Water Contents 

With the help of a Corneometer®, stratum corneum water contents were measured before the 

application of any cream and then on week 2, week 4, week 6, week 8, week 10 and week 

12. 

3.2.17.4. SELS Determination by Visioscan 

Four major SELS (SEr, SEsc, SEsm and Sew) parameters were measured at baseline (0 time 

values) and then at 1st, 2nd and 3rd month of study period by Visioscan® VC 98. 
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3.2.17.5. Skin Trans Epidermal Water Loss (TEWL) 

Skin TEWL values of the volunteers were measured on the cheeks at the start of the study 

(zero hour), before the application of the creams and then on week 2, week 4, week 6, week 

8, week 10 and week 12 by using Tewameter®. 

3.2.17.6. Panel Test 

Every individual was provided with a form prepared previously to test the sensory values of 

cream. This form consisted of seven parameters to be evaluated and every parameter was 

assigned 11 values from –5 to +5 indicating very bad to very good, respectively (Figure 

3.1.). This form was asked to be completed independently by each individual on week 12. 

3.2.17.7. Panel Test Parameters 

1. Ease of application 

2. Spreadibility    

3. Sense just after application 

4. Sense in long-term 

5. Irritation 

6. Shine on skin    

7. Sense of softness 

 

Figure 3.1. Form of the Panel Test 
 

-5 -4 -3 -2 -1 0 1 2 3 4 5
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3.2.18. Mathematical Analysis 

The percentage changes noted in the values of Skin melanin contents, Stratum corneum 

water contents, TEWL and SELS at baseline and different time intervals were calculated by 

using the below formula; 

% Change = [(Dx – D0)/D0] x 100  

Where 

D0 = Baseline values (Zero Hour value). 

Dx= Value obtained on week 2, 4, 6, 8, 10 and 12.  

 
3.2.19. Statistical Analysis 

All statistical calculations were performed using Graphpad prism for Windows software 

(version 5). Paired sample t-test was used for variation between the active formulation (F1 

and F2) and placebo (F3). Two-way ANOVA (Kruskal-Wallis test) with Dunnett Multiple 

comparisons post test was used to find the correlation between baseline values compared 

with different time intervals values. The level of significance was established at 5% (p = 

0.05).  
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RESULTS AND DISCUSSION 
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4.1. Results  

4.1.1. Phytochemical Screening 

The phytochemical screening is summarized in Table 4.1 

4.1.1.1. Alkaloids  

The phytochemical analysis conducted on H. rhamnoides and C. fistula extract revealed the 

presence of alkaloids which were confirmed by the formation of dark yellow color with 

freshly prepared Dragendroff’s reagent. 

4.1.1.2. Flavonoids 

A dark yellow color indicated the presence of flavonoids when the extracts were mixed with 

1% AlCl3 and 1% KOH. 

4.1.1.3. Tannins 

Formation of a blue-black precipitate with 1% FeCl3 (ferric chloride) solution indicated the 

presence of hydrolysable tannins and green precipitate indicated the presence of condensed 

tannins. 

4.1.1.4. Glycoside  

Formation of a green to black precipitate indicated the presence of phenolic aglycone as a 

consequence of hydrolysis of glycosides. 

4.1.1.5. Saponins 

The plant extract was subjected to frothing test for the identification of saponins. Formation 

of froth indicated that extracts were strongly positive for saponins. 

4.1.1.6. Anthraquinones 

The formation of a pink color indicated the presence of free anthraquinones in the extracts 

when treated with 10% NH4OH solution. 
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4.1.1.7. Test for Coumarins 

Yellow fluorescence under UV light indicated a positive test for coumarins in C. fistula 

while there was no fluorescence for H. rhamnoides which indicated the absence of 

coumarins in H. rhamnoides. 

4.1.2. Acute Toxicity Test 

Mortality was the criteria for determining acute toxicity. No mortality was recorded even at 

high doses up to 10 gm/Kg body weight.  

Table 4.1: Phytochemical Parameters of Cassia fistula and Hippophae rhamnoides 

Present: +, Strongly present: ++, Absent: − 

4.1.3. Total Phenolics 

Total phenolic contents observed spectophotometrically indicated sufficient amount of these 

important contents present in extracts of Hippophae rhamnoides and Cassia fistula. Total 

phenolic content (TPC) is directly related with antioxidant activity. Total phenolic content, 

expressed in mg GAE/g of Hippophae rhamnoides and Cassia fistula are presented in 

Phytochemicals Cassia fistula Hippophae rhamnoides 

Alkaloids + + 

Glycosides + + 

Saponins + ++ 

Tannins + + 

Anthraquinones + + 

Flavonoids ++ + 

Coumarins + − 
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Figure 4.1. Statistically insignificant variations (P > 0.05) were observed in the triplicates 

analyzed. 

 
 
 

 

 

 

 

 

 

 

4.1.4. Anti-oxidant Activity 

DPPH radical scavenging activity indicated that Cassia fistula extract scavenged this radical 

more than Hippophae rhamnoides extract. Nitric oxide radical scavenging activity also 

indicated significant potential of extract to quench NO radicals. Superoxide anion and 

hydroxyl ion scavenging activity similarly also indicated sufficient antioxidant potential of 

Hippophae rhamnoides and Cassia fistula extracts. Antioxidant activity of Hippophae 

rhamnoides and Cassia fistula extracts are presented in Tables 4.2 and 4.3 

Table 4.2: In vitro Antioxidant Activity (IC50 µg/ml) of Hippophae rhamnoides Extract 

Assay H. rhamnoides Ascorbic acid 

Nitric oxide radical scavenging assay 139.38±1.14a 66.04±1.01b 

DPPH radical scavenging assay 107.26±1.34a 31.34±2.018b 

Hydroxyl radical scavenging assay 91.04±1.04a 74.91±1.22b 

Superoxide radical scavenging assay 122.15±1.09a 47.21±1.14b 

Data are expressed as means ± standard deviations (n = 3); values marked by the same letter in same column 
of same class are not significantly different (P > 0.05). 

Fig 4.1: Total Phenolic Contents (mg GAE/g) of Hippophae rhamnoides 
and Cassia fistula Extracts (Data are Expressed as means ± standard 
deviations (n = 3) values are not significantly different (P > 0.05).)  
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Table 4.3: In vitro Antioxidant Activity (IC50 µg/ml) of Cassia fistula Extract 

Assay Cassia fistula Ascorbic acid 

Nitric oxide radical inhibition 

activity 

116.82±a 66.04±1.01b 

DPPH radical scavenging assay 89.07±1.31a 31.34±2.018b 

Hydroxyl radical scavenging assay 86.45±0.93a 74.91±1.22b 

Superoxide radical scavenging assay 103.25±1.37a 47.21±1.14b 

Data are expressed as means ± standard deviations (n = 3); values marked by the same letter 
in same column of same class are not significantly different (P > 0.05) 

 
 

4.1.5. In-Vitro Tyrosinase Inhibitory Activity of Plant Extracts and Formulations  

Table 4.4 summarises the results of the assessment of tyrosinase inhibition by plant 

extracts, with inhibition expressed as IC50 values. Results of the current study showed that 

H. rhamnoides had slight poor antityrosinase activity (72% inhibition at 0.05 mg/mL 

concentration) compared to C. fistula extracts (77% inhibition at 0.05 mg/mL 

concentration). Evaluation of the formulations on tyrosinase inhibition confirmed that the 

active formulations (F1 and F2) containing plant extracts at 5% concentration have the 

inhibition activity. Placebo without plant extract was used as control sample, and no 

inhibitory effect was observed. Tyrosinase inhibitory effects of formulations are given in 

Table 4.5 
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4.1.6. In-Vitro Anti-bacterial Activity of Plant Extracts and Formulations 

Table 4.6 summarizes the results of anti-bacterial activity of plant extracts, where inhibition 

is expressed as zone of inhibition in mm. Results indicated that H .rhamnoides had slight 

high antibacterial activity as compared to C. fistula extracts against both bacteria (P. acne 

and S. epidermidis). Evaluation of the formulations for anti-bacterial activity, confirmed that 

the active formulations (F1 and F2) having plant extracts at 5% concentration have the 

inhibitor activity. Placebo (F3) without plant extract was used as control sample, and there 

was no inhibitory effect observed. In-vitro anti-bacterial activity of formulations is 

presented in Table 4.7 

 

 

 

Table 4.4: Tyrosinase Inhibition Activity of H. rhamnoides and C. fistula 
extracts 
 

Extract Tyrosinase 

 Average inhibition percentage 
(%) at 0.05mg 

IC50 µg 

H. rhamnoides 72.57±0.34a 45.9 

Cassia fistula  
77.64±0.62b 

39.2 

Control Kojic acid 6.00±0.01 

Table 4.5: Tyrosinase Inhibitory Effect of 
Formulations (n=3 ± SD). 

Formulation % Tyrosinase inhibitory effect 

F1 58.6% ±0.425 

F2 64.0% ±0.107 

F3 00% 
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Table 4.6: Anti-bacterial Activity of H. rhamnoides and C. fistula Extracts 
 

Sample  Anti-bacterial activity (Zone of Inhibition (mm)) 

 Propionibacterium acne Staphylococcus epidermidis 

H. rhamnoides 23.5±0.64a 20.5±1.31a 

C. fistula 19.5±0.92b 18.2±2.2b 

Clindamycin 19.0±0.25 18.5±0.01 

Values were based on triplicates and data presented as mean ± SD. For column of each 
sample, values followed by the same letter are not significantly different at p<0.05 (5%). 
 

Table 4.7: Percent Anti-bacterial Activity of Formulations (n=3 ± SD). 
 

Sample Anti-bacterial activity (mm) 

 Propionibacterium acne Staphylococcus epidermidis 

F1 33.5±2.3 28.5±1.08 

F2 29.8±1.02 25.5±2.5 

F3 00 00 

 

4.1.7. Characterization of Creams 

4.1.7.1. Organoleptic and Physical Properties of the Creams 

The Creams (F, F2 and F3) each were divided into four samples which were kept at 80C in 

refrigerator, at 250C, 400C and at 400C + 75% RH in thermal incubators. They were 

observed organoleptically to note alteration in odor, color, liquefaction and phase separation 

for a period of 2 months at definite time intervals. The results are presented in Table 4.8 
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Table 4.8: Physical Charactristics of Creams Kept at 8oC, 25 oC, 40 oC and 40 oC +75%RH 

  Fresh After 

12 

hrs 

After 

24 

hrs 

After 

36 

hrs 

After 

48 

hrs 

After 

72 

hrs 

After 

7days

After 

14days 

After 

21days 

After 

28days

After 

60days

Color A PY PY PY PY PY PY PY PY PY PY PY 

B PY PY PY PY PY PY PY PY PY PY PY 

C PY PY PY PY PY PY PY PY PY PY PY 

D PY PY PY PY PY PY PY PY PY PY PY 

Smell A -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve +ve 

B -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve +ve 

C -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve +ve 

D -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve +ve 

Liquefaction 

 

A -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

B -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

C -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve +ve 

D -ve -ve -ve -ve -ve -ve -ve -ve -ve +ve +ve 

Phase 

Separation 

A -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

B -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

C -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

D -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

PY=Pale Yellow, -ve =No change, +ve = Slight change; A= At 80C; B= At 250C; C= At 

400C; D= At 400C+75%RH (Relative Humidity). 

4.1.7.2. Type of Creams 

By the amaranth red dye mixing with sample of cream and examining it under a microscope, 

the disperse globules appeared red and the ground colorless indicated the cream was of O/W 

type. 

4.1.7.3. Pharmaceutical Stability Tests/Phase thaw Cycle and Centrifugation 

The formulation containing crude extract of H. rhamnoides (F1), C. fistula (F2) and a 

placebo without the extract (F3) were kept at four different storage conditions (4oC, 25oC, 

40oC and 40oC + 75% RH) for a period of two months to determine their stability. No 

alteration was seen in the formulations during phase thaw cycles. No liquefaction and phase 
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separation after centrifugation was observed at any stage in any sample for a study period of 

two months. 

4.1.7.4. Electrical Conductivity 

The conductivity of the prepared creams were measured by digital Conductivity-Meter  for 

all the samples (F1, F2 and F3) kept at 8oC, 25 oC, 40 oC and 40 oC +75% RH immediately 

after preparation and  then repeated after 12 hrs, 24 hrs, 36 hrs, 48 hrs, 72 hrs and 7, 14, 21, 

28 and 60 days. The test was performed in triplicate for each sample. Conductivity values of 

F1, F2 and F3 are summarized in Table 4.9, 4.10 and 4.11 whereas the percentage changes 

in the conductivity values are presented in Figures 4.2, 4.3 and 4.4. 

Table 4.9: Conductivity Values (µS/cm) for F1 Kept at 8oC, 25oC, 40oC and 40oC + 

75% RH 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 4.2: Mean %age Changes in the Conductivity of F1 from Zero Time to 60 Days. 
1=8°C, 2=25°C, 3=40°C, 4=40°C +75% RH 

Time 8 oC 25 oC 40 oC 40 oC + 75% RH 
Fresh 51 51 51 51 
12 hrs 48.3 52.5 47.6 48.5 
24 hrs 47.8 49.6 52.3 53.3 
36 hrs 51.2 49.3 51 56.1 
48 hrs 54.4 54.8 59 58.6 
7 days 54.9 53.7 66.6 52.9 
14 days 52 49.1 57.4 46.3 
21 days 53.3 47.1 46 44 
28 days 52.5 54.9 56.7 53.4 
60 days 51.6 49.8 53.8 54.3 
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Table 4.10: Conductivity Values (µS/cm) for F2 Kept at 8oC, 25oC, 40oC and 40oC + 

75% RH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 4.3: Mean %age Changes in the Conductivity of F2 from Zero Time to 60 Days. 
1=8°C, 2=25°C, 3=40°C, 4=40°C +75% RH 

 

 

 

 

 

 

Time 8 oC 25 oC 40 oC 40 oC + 75% RH 
Fresh 65 65 65 65 
12 hrs 50.5 46.2 53.2 51.3 
24 hrs 51.8 49.2 55.7 53.4 
36 hrs 49.1 47.9 53.6 50.3 
48 hrs 50.7 50.3 53.6 51.9 
7 days 51.9 48.6 52.4 50.8 
14 days 52.5 48.3 51.8 50.3 
21 days 50.9 48.5 56.7 51.6 
28 days 54.7 50.9 59.8 51.6 
60 days 56.8 59.9 58.6 55.5 



65 
 

Table 4.11: Conductivity Values (µS/cm) for F3 Kept at 8oC, 25oC, 40oC and 40oC + 

75% RH 

 

 

 
 
 
 
 
 
 
 
 
 
 

  
 

Fig 4.4: Mean %age Changes in the Conductivity of F3 from Zero Time to 60 days. 
1=8°C, 2=25°C, 3=40°C, 4=40°C +75% RH 

 

4.1.7.5. pH Tests of Creams 

pH values of the creams kept at different storage conditions for 2 months have been 

presented in Tables 4.12, 4.13 and 4.14 whereas the average pH values (mean and SEM) 

are reported in Table 4.15. 

In this study, the pH of freshly prepared F3 was 5.59 whereas the pH of F1 and F2 was 5.68 

and 5.74 respectively, which is within the range of skin pH.  The pH values of F3 kept at 

Time period 8 oC 25 oC 40 oC 40 oC + 75% RH 
Fresh 50 50 50 50 
12 hrs 47.8 48 50.9 51.4 
24 hrs 52.1 46.6 52.7 49.9 
36 hrs 51.5 46.6 49.6 48.3 
48 hrs 54.6 46.8 49.3 50.1 
7 days 50.5 49.5 55 53.5 
14 days 36.9 37.3 47.7 49 
21 days 44 40.6 41.3 42.5 
28 days 47 51 49.5 52.8 
60 days 49.7 46.9 52.7 48.3 
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different storage conditions i.e. 80C, 250C, 400C and 400C+ 75% RH was found to be 

increasing gradually in the 1st week and then it started to decline continuously till 60th day 

with some variations. At the end of study, pH of F3 at 80C, 250C, 400C and 400C+ 75% RH 

was 5.41, 5.27, 5.52 and 5.39 respectively. Whereas pH of F1 and F2, kept at 80C, 250C, 

400C and 400C + 75% RH showed gradual reduction with slight variations with time. The 

pH values of F1 were 4.81, 4.97, 5.23 and 5.16 whereas the pH values of F2 were 5.52, 

5.64, 5.73 and 5.78 at 60th day respectively. 

By using statistical technique ANOVA (analysis of variance) at 05% level of significance, it 

was found that the change in pH of F3 was insignificant at different time levels and 

temperature but there was significant difference in pH change of F1and F2 at different levels 

of time and temperature. When LSD (least significant difference) test was applied to check 

the individual average effects of pH of F3 at different temperatures with the passage of time 

by taking average pH values of Zero hr at different temperatures as standard, it showed 

insignificant changes except 3rd and 4th week where differences were significant. Again 

when LSD test was applied to check the individual average effect of the pH of F1 and F2 at 

different temperatures with the passage of time by taking average pH values of Zero hr at 

different temperatures as standard, it showed significant changes from 48th hr till the end of 

study period except the 7th day.  

LSD test showed that there was insignificant change in pH of F3 at different storage 

conditions but significant changes were noted in pH of F1 and F2 at different storage 

conditions with the passage of time. 
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Table 4.12: pH Values for F1 Kept at 8oC, 25oC, 40oC and 40oC + 75% RH 

Time 
period 

8oC 25oC 40oC 
40oC + 75% RH 

 
Fresh 5.68 5.68 5.68 5.68 

12 hrs 5.72 5.57 5.74 5.77 

24 hrs 5.73 5.61 5.37 5.65 

36 hrs 5.44 5.52 5.35 5.42 

48 hrs 5.26 5.46 5.74 5.53 

7 days 5.11 5.12 5.33 5.02 

14 days 5.02 5.07 5.22 4.96 

21 days 4.98 5.06 5.13 4.87 

28 days 4.86 5.13 5.17 5.01 

60 days 4.81 4.97 5.23 5.16 
 

 

Table 4.13: pH Values for F2 Kept at 8oC, 25oC, 40oC and 40oC + 75% RH 

Time 
period 8oC 25oC 40oC 

40oC + 
75% RH

 
Fresh 5.74 5.74 5.74 5.74 

12 hrs 5.78 5.21 5.73 5.84 

24 hrs 5.62 5.76 5.42 5.65 

36 hrs 5.62 5.77 5.74 5.68 

48 hrs 5.56 5.75 5.36 5.7 

7 days 5.28 5.69 5.56 5.66 

14 days 5.33 5.62 5.47 5.58 

21 days 5.36 5.63 5.44 5.51 

28 days 5.34 5.58 5.45 5.6 

60 days 5.52 5.64 5.73 5.78 
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Table 4.14: pH Values for F3 Kept at 8oC, 25oC, 40oC and 40oC + 75% RH 

Time 
period 8oC 25oC 40oC 

40oC + 
75% RH

 
Fresh 5.59 5.59 5.59 5.59 

12 hrs 5.61 5.51 5.62 5.68 

24 hrs 5.34 5.58 5.31 5.54 

36 hrs 5.31 5.61 5.26 5.43 

48 hrs 5.38 5.66 5.44 5.63 

7 days 5.73 5.47 5.61 5.52 

14 days 5.64 5.42 5.58 5.59 

21 days 5.43 5.33 5.53 5.47 

28 days 5.37 5.31 5.49 5.36 

60 days 5.41 5.27 5.52 5.39 
 

 

Table 4.15: Average pH Values of F1, F2 and F3 kept at 8oC, 25oC, 40oC and 40oC + 

75% RH for a period of 2 months 

 

4.1.7.6. Rheological Parameters 

Rheological parameters (flow index and % confidence of fit) of emulsions reserved at 

various storage conditions up to two months were observed and have been given in Tables 

 Values of pH  (Mean ± SEM) 

Storage 

condition 

8oC 25oC 40oC 40oC + 75% RH 

F1 5.3 

± 

0.76 

5.3 

± 

0.35 

5.4 

± 

0.48 

5.3 

± 

0.80 

F2 5.5 

± 

0.103 

5.6 

± 

0.72 

5.5 

± 

0.58 

5.6 

± 

0.105 

 

F3 

5.8 

± 

0.079 

 

5.4 

± 

0.55 

5.5 

± 

0.89 

 

5.5 

± 

0.105 
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4.16 and 4.17 while Rheograms of the emulsions have been given in Figures 4.5, 4.6, 4.7, 

4.8, 4.9 and 4.10 

C.F. = Confidence of Fit  

 

C.F. = Confidence of Fit 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4.16: Different Rheological Properties of F3 

Temperature  8ºC 25ºC 40ºC 40ºC &75%RH 

Parameters Flow 
Index 

C.F Flow 
Index 

C.F Flow 
Index 

C.F Flow 
Index 

C.F 

Time F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Freshly 
prepared 

0.43 0.48 99.5 99.9 0.43 0.48 99.5 99.9 0.43 0.48 99.5 99.9 0.43 0.48 99.5 99.9

2 months 0.51 0.41 99.7 99.2 0.50 0.62 99.9 99.4 0.52 0.55 99.5 99.7 0.52 0.48 98.5 98.8

Table 4.17: Different Rheological Properties of F1 and F2  

Temperature 8ºC 25ºC 40ºC 40ºC &75%RH 

Parameters Flow 
Index 

C.F Flow 
Index 

C.F Flow 
Index 

C.F Flow 
Index 

C.F 

Freshly prepared 0.57 99.3 0.57 99.3 0.57 99.3 0.57 99.3 

2 months 0.41 99.7 0.49 99.8 0.54 99.7 0.55 98.6 
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Figure 4.5: Rheogram of Freshly Prepared F3 

 

 

 

Figure 4.6: Rheogram of F3 at Different Temperature After 2 Months 
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Figure 4.7: Rheogram of Freshly Prepared F1 

 

 

 

Figure 4.8: Rheogram of F1 at Different Temperature After 2 Months 

 

 



72 
 

 

Figure 4.9: Rheogram of Freshly prepared F2 

 

 

Figure 4.10: Rheogram of F2 at Different Temperature After 2 
Months 

 

4.1.7.7. Viscosity Studies  

Mean Viscosity (cP) ± standard deviations (SD) of the F1, F2 and F3 studied for 2 months 

stored at various storage conditions are presented in Table 4.18 
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SD = Standard Deviation, cp= Centi Poise 

4.1.8. In-Vivo Skin Measurements 

4.1.8.1. Patch Test for F1 and F3 

None of the recruited volunteers described any sensitivity or side effects following the patch 

test for 48 hours. There was no severe response of itching/irritation in any of volunteer, mild 

response occurred in 4 volunteers each, moderate erythema occurred in 2 and 4 volunteers, 

Table 4.18: Viscosities of F1, F2 and F3 During Storage for 2 Months 

Time 

(months) 

Temperature 

(0C) 

Mean Viscosity 

(cP) ± SD of F1 

(n=3) 

Mean Viscosity 

(cP) ± SD of F2 

(n=3) 

Mean Viscosity 

(cP) ± SD of F3  

(n=3) 

0 8.0 ± 0.5 194.32± 1.05 150.56± 1.14 128.45 ± 1.02 

0.5 8.0 ± 0.5 188.22± 1.12 148.89± 1.02 128.37 ± 1.01 

1 8.0 ± 0.5 186.22± 1.07 148.43± 1.09 128.34 ± 1.03 

2 8.0 ± 0.5 181.22± 1.03 146.23± 1.12 128.09 ± 1.01 

0 25 ± 0.5 194.32± 1.05 150.56± 1.14 128.45 ± 1.02 

0.5 25 ± 0.5 184.68± 1.12 145.29± 1.32 128.41 ± 1.11 

1 25 ± 0.5 182.32± 1.14 145.11± 1.22 128.27 ± 1.39 

2 25 ± 0.5 168.91± 1.12 143.38± 1.07 128.03 ± 1.07 

0 40 ± 0.5 194.32± 1.05 150.56± 1.09 128.45 ± 1.02 

0.5 40 ± 0.5 159.62± 1.08 144.52± 1.08 128.21 ± 1.21 

1 40 ± 0.5 151.22± 1.01 142.55± 1.09 118.17 ± 1.09 

2 40 ± 0.5 149.39± 1.22 140.46± 1.12 107.89 ± 1.30 

0 40 ± 0.5/75% 

RH 

194.32± 1.05 150.56± 1.09 128.45 ± 1.02 

0.5 40 ± 0.5/75% 

RH 

145.35± 1.01 141.52± 1.09 128.21 ± 1.21 

1 40 ± 0.5/75% 

RH 

143.30± 1.13 142.55± 1.07 128.17 ± 1.09 

2 40 ± 0.5/75% 

RH 

131.22± 1.09 134.46± 1.03 127.89 ± 1.30 
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whereas no itching/irritation occurred in 20 and 18 volunteers for formulation F1 and F3 

respectively as shown in Table 4.19 

Table 4.19: Score Allocated by Volunteers to Formulations on the Basis 
of Itching/Irritation 
 
Formulation type 

Score 
0 1 2 3 

No. of volunteers indicating itching/irritation 
F1 20 4 2 0 
F3 18 4 4 0 

 

4.1.8.2. Patch Test for F2 and F3 

There was no severe erythema occurred in any of the volunteers, mild erythema occurred in 

4 and 3 volunteers, moderate erythema occurred in 4 and 7 volunteers, where as no 

erythema occurred in 18 and 16 volunteers for placebo and formulation respectively as 

shown in Table 4.20 

Table 4.20: Score Allocated by Volunteers to Formulations on the Basis 
of Itching/Irritation 
 
Formulation type 

Score 
0 1 2 3 

No. of volunteers indicating itching/irritation 
F2 18 4 4 0 
F3 16 7 3 0 

 
4.1.8.3. Skin Melanin Contents for F1 and F3 

The percentage changes observed in the melanin content of the human volunteers after the 

application of creams F1 and F3 during the study period of 12 weeks have been presented in 

Table 4.21 and 4.22.  The comparative mean percentage changes with statistical analysis 

have been given in Figure 4.11 

In case of F1 and F3, it was noted that F3 has shown a mean initial change in melanin 

(2.52%) after 1st week and the effect remained on an increasing fashion after 12th week up to 

5.8% compared to the baseline melanin values of the volunteers.  

In contrast to the F3 treatment effects, an excellent reduction in the skin melanin was 

noticed after treatment with F1, i.e.  -3.5 % mean initial reduction in melanin after the 1st 
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week of treatment, -7.0 % reductions after 1 month, and -16.35 % reductions in melanin at 

the end of 12th week to baseline values. When two way analysis of variance (Kruskal-Wallis 

test) was applied, there was a high significant (P<0.0001) difference between F1 and F3. 

When Dunn's multiple comparison tests was applied, there were insignificant (P˃0.05) 

differences between various time intervals.  

Table 4.21: Percentage of Changes in Skin Melanin Contents after the Application of  

Cream F1. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -3.42 -1.57 -3.94 -8.40 -9.71 -13.12 

2. 2.65 0.53 -3.44 -6.61 -10.85 -10.05 

3. 2.60 -5.20 -3.18 -8.38 -11.27 -15.03 

4. -6.59 -8.88 -5.44 -6.02 -12.32 -13.05 

5. -1.94 -6.88 -5.31 -12.19 -18.56 -21.25 

6. -5.70 -6.65 -4.51 -8.79 -15.44 -17.10 

7. -4.14 -5.62 -7.69 -13.91 -19.75 -20.71 

8. -5.03 -8.18 -6.29 -10.06 -12.58 -13.61 

9. -2.79 -6.19 -6.50 -10.84 -14.24 -14.03 

10. -3.05 -10.37 -8.54 -12.20 -17.07 -20.43 

11. -5.61 -11.55 -14.19 -13.53 -17.49 -18.12 

12. -6.64 -11.07 -12.92 -17.71 -21.77 -18.62 

13. -5.49 -10.44 -7.69 -15.38 -18.68 -17.43 

Mean 
± 

SEM 

-3.492 
± 

0.85 
 

-7.082 
± 

1.0 
 

-6.895 
± 

0.94 
 

-11.08 
± 

0.96 
 

-15.36 
± 

1.06 
 

-16.35 
± 

0.96 
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Table 4.22: Percentage of Changes in Skin Melanin Contents after the Application of 

Cream F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -1.05 2.10 5.25 1.84 4.72 -3.41 

2. 1.50 0.80 3.72 2.93 5.32 4.52 

3. 2.47 1.10 0.83 -0.28 1.93 -1.96 

4. 2.61 2.50 5.00 5.63 4.69 2.81 

5. 2.95 4.56 3.91 6.19 5.77 2.79 

6. 1.70 4.53 -2.93 3.47 4.73 5.53 

7. 1.12 -0.30 -0.80 3.87 5.36 6.85 

8. 3.00 3.92 1.85 4.31 6.15 3.69 

9. 3.61 5.90 7.21 9.18 7.49 2.52 

10. 2.17 4.13 1.81 3.36 2.00 5.17 

11. 7.4 3.83 5.75 8.81 5.75 3.83 

12 4.75 0.36 2.90 5.07 3.62 4.25 

13. -1.57 -2.86 -1.14 0.57 5.14 -1.29 
Mean 

± 

SEM 

2.52 
± 

0.70 

2.43 
± 

0.70 

3.32 
± 

0.76 

4.23 
± 

0.78 

5.66 
± 

0.68 

5.82 
± 

0.57 
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Figure 4.11: Mean Percentage of Changes produced in Skin Melanin after the 

Application of F3 and F1. 

4.1.8.4. Skin Melanin Contents for F2 and F3 

The percentage change observed in the melanin content of the human volunteers after the 

application of the creams F2 and F3 during the study period of 12 weeks has been presented 

in Table 4.23 and 4.24.  The comparative mean percentage changes with statistical analysis 

have been given in Figure 4.12  

F2 produced noticeable reduction in melanin with an initial mean reduction of -7.07 % after 

the 1st week and the effect was maintained until the 12th week up to -13.0 %, compared to 

the baseline skin melanin values of volunteers. When two way analysis of variance 

(Kruskal-Wallis test) was applied, there was significant (P<0.0001) difference between F2 

and F3. When Dunn's multiple comparison tests was applied there were insignificant 
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(P˃0.05) differences between various time intervals except the 2nd and 4th week and the 1st 

and 12th week, where significant results were obtained.  

Table 4.23: Percentage of Changes in Skin Melanin Contents after the Application of 

Cream F2. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -9.86 -7.70 -5.95 -7.30 -6.76 -5.46

2. -6.91 -11.17 -6.65 -7.18 -11.97 -10.69

3. -8.37 -9.32 -12.43 -15.54 -16.95 -11.90

4. -11.98 -10.37 -12.86 -12.03 -14.52 -19.09

5. -8.58 -10.78 -11.29 -13.79 -11.91 -13.44

6. -9.89 -10.78 -13.47 -9.88 -12.28 -10.17

7. -6.44 -4.64 -5.15 -7.47 -10.82 -13.40

8. -9.18 -10.35 -12.53 -16.35 -20.71 -23.16

9. -5.30 -5.36 -4.21 -9.20 -17.62 -15.33

10. -3.02 -5.93 -5.44 -8.46 -11.78 -15.11

11. -2.05 -2.05 -5.12 -4.44 -10.58 -15.36

12. -5.54 -4.69 -4.23 -9.62 -11.54 -12.54

13. -4.58 -3.92 -5.00 -10.00 -13.75 -12.33
Mean 

± 

SEM 

-7.054 
± 

0.809 
 

-7.466 
± 

0.88 
 

-8.025 
± 

1.047 
 

-10.10 
± 

0.9644 
 

-13.17 
± 

0.9962 
 

-13.69 
± 

1.2 
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Table 4.24: Percentage of Changes in Skin Melanin Contents after the Application of 

Cream F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -1.05 2.10 5.25 1.84 4.72 3.41 

2. 1.60 0.80 3.72 2.93 5.32 4.52 

3. 2.48 1.10 0.83 -0.28 1.93 4.96 

4. 2.81 2.50 5.00 5.63 4.69 2.81 

5. 1.95 4.56 3.91 6.19 5.77 8.79 

6. 1.60 4.53 6.93 3.47 4.73 8.53 

7. 1.19 -0.30 -0.80 3.87 5.36 6.85 

8. 4.00 4.92 1.85 4.31 6.15 7.69 

9. 3.61 5.90 7.21 9.18 7.49 8.52 

10. 2.07 4.13 1.81 3.36 2.00 5.17 

11. 7.28 3.83 5.75 8.81 5.75 3.83 

12. 4.71 0.36 2.90 5.07 3.62 4.25 

13. 0.57 -2.86 -1.14 0.57 5.14 6.29 
Mean 

± 

SEM 

2.525 
± 

0.57 
 
 

2.428 
± 

0.69 
 

3.325 
± 

0.75 
 

4.227 
± 

0.77 
 

4.821 
± 

0.43 
 
 

5.817 
± 

0.57 
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Figure 4.12: Mean Percentage of Changes produced in Skin Melanin after the 

Application of F3 and F2. 

4.1.8.5. Visual Survey and Photos 

Subjectively using a visual survey, the number of volunteers responded to various 

parameters are shown in Table 4.25 for F1, F2, F3. In the paired sample t-test, in-significant 

difference between the two conditions was observed which showed that there was no 

variation between F1 and F2.  
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Table 4.25: Visual Survey of F1, F2 and F3 

Parameters Condition F1 (n=26) F2 (n=26) F3 (n=52) P value
Change in size Improved 18 20 0 0.057 

 
Not improved 6 5 42 

Deteriorated 2 1 10 

Change in pigmentation Improved 18 19 0 0.055 

Not improved 7 6 38 

Deteriorated 1 1 14 

Net result Improved 21 22 0 0.061 

Not improved 3 3 44 

Deteriorated 2 1 08 

 

 

 

Figure 4.13:  (A) Baseline Photo of a Patient Treated with F1. (B) Clinical 
Improvement Seen after 12 Weeks of Therapy with F1 

A  B
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Figure 4.14:  (A) Baseline Photos of Patients Treated with F2. (B) Clinical 

Improvement Seen after 12 Weeks of Therapy with F2 
 

4.1.8.6. Skin Sebum Contents for F1 and F3 

The percentage changes observed in the skin sebum contents of the human volunteers after 

the application of the creams F1 and F3 during the study period of 12 weeks has been 

presented in Tables 4.26 and 4.27. The comparative percent changes in the skin sebum 

contents following the 12 weeks treatment with F1 and F3 are exposed in Figure 4.15 

In the case of F1 and F3, it was found that F3 has shown a mean initial change in skin 

sebum contents (0.45%) after 1st week and the effect remained on an slight increasing mode 

after the 12th week up to 5.97% compared to the baseline sebum contents of the volunteers.  

On the other hand, an excellent reduction in the sebum contents was observed after 

treatment with F1, i.e.  -7.32 % mean initial reduction in sebum contents after the 1st week, -

9.1 % reductions after 1 month, and -21.13 % reductions in sebum contents at the end of 

12th week to baseline values. After application of two way analysis of variance (Kruskal-

Wallis test) it was observed that there was a high significant (P<0.0001) difference between 

F1 and F3. When Dunn's multiple comparison tests was applied, there were non-significant 

(ns) differences between 12 weeks time intervals.  

 

A  AB  B 
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Table 4.26: Percentage of Changes in Skin Sebum Contents after the Application of 

Cream F1. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -8.33 -14.29 -16.67 -26.19 -24.14 -39.29 

2. -2.00 -8.00 -12.00 -28.00 -26.00 -24.00 

3. -14.81 -18.52 -22.22 -30.74 -23.33 -24.44 

4. -7.14 -4.00 7.14 -11.00 -4.29 -14.29 

5. -16.98 1.89 -24.53 -32.83 -28.49 -26.42 

6. 7.02 -1.00 -8.77 -3.51 1.75 -5.79 

7. -14.29 -21.43 -25.00 -29.29 -20.00 -26.43 

8. -2.78 -22.22 -33.33 -33.33 -13.89 -12.22 

9. -3.45 -10.34 -16.09 -21.84 -25.29 -12.64 

10. -12.28 8.77 -17.54 -3.51 7.02 -8.77 

11. -5.61 -11.55 -14.19 -13.53 -17.49 -18.12 

12. -3.33 -4.29 -6.67 -6.19 -3.14 -9.29 

13. -2.10 -3.00 -2.32 -2.00 -6.00 -4.00 
Mean 

± 

SEM 

-7.332 
± 

2.124 
 
 

-9.154 
± 

2.985 
 
 

-16.65 
± 

3.159 
 

-21.25 
± 

3.437 
 

-18.38 
± 

4.417 
 
 

-21.13 
± 

2.550 
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Table 4.27: Percentage of Changes in Skin Sebum Contents after the Application of 

Cream F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -5.75 -10.34 -4.60 1.15 4.60 6.90 

2. 6.15 9.23 18.46 21.54 7.69 3.85 

3. -5.00 10.00 -10.00 15.00 4.00 5.00 

4. 4.76 9.52 9.05 -10.00 4.76 14.29 

5. -2.25 -6.74 -2.25 2.25 3.37 5.62 

6. -3.39 0.00 5.08 11.86 15.25 8.64 

7. 14.29 2.43 5.71 8.57 8.57 2.43 

8. 8.57 1.43 5.71 0.00 -2.86 10.00 

9. 4.29 1.43 -4.29 -10.00 -5.71 2.86 

10. -9.41 -3.53 -8.24 -3.53 -8.24 2.35 

11. -7.28 -3.83 5.75 8.81 5.75 3.83 

12. -5.85 -2.34 -2.60 -1.15 2.60 5.90 

13. 5.15 1.23 8.46 -1.54 4.69 3.85 
Mean 

± 

SEM 

0.4527 
± 

2.277 
 
 

0.8727 
± 

2.038 

1.853 
± 

2.561 
 

4.150 
± 

3.030 
 
 

3.380 
± 

2.028 
 
 

5.979 
± 

1.124 
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Figure 4.15: Mean Percentage of Changes Produced in Skin Sebum after the 

Application of F3 and F1. 

4.1.8.7. Skin Sebum Contents for F2 and F3 

The percentage changes observed in the Skin sebum contents after the application of the 

creams F2 and F3 during the study period of 12 weeks have been presented in Tables 4.28 

and 4.29 whereas the comparative mean percent changes in the skin sebum contents 

following the 12 weeks treatment with F2 and F3 along with statistical analysis are shown in 

Figure 4.16 

In case of F2 and F3, F3 produced very minute reduction in skin sebum contents with an 

initial mean reduction of -0.033 % after the 1st week and the effect was increased to 5.0% 

till 12th week compared to the baseline skin sebum contents. F2 showed an initial mean 

reduction of -1.96% after one week treatment while -18.0% mean reduction after 12 week 

treatment. After applying two way analysis of variance (Kruskal-Wallis test) it was noticed 
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that, there was significant (P<0.0001) difference between F2 and F3. Dunn's multiple 

comparison tests application, there were insignificant (P˃0.05) differences between various 

time intervals except the 1st and 8th week, where significant results were obtained.  

Table 4.28: Percentage of Changes in Skin Sebum Contents after the Application of 

Cream F2. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. 4.04 -1.52 -8.59 -16.16 -15.66 -19.19 

2. -4.73 -7.10 -11.24 -17.75 -14.79 -16.57 

3. 2.86 -0.57 -6.29 -11.43 -13.71 -12.00 

4. -6.40 -3.20 2.40 -1.60 -7.20 -11.20 

5. 1.94 -5.81 -12.90 -16.77 -13.55 -18.06 

6. -3.88 -7.75 -26.36 -20.93 -24.03 -25.58 

7. -6.82 -4.55 -14.77 -11.36 -18.18 -20.45 

8. -4.32 -1.85 -11.11 -18.52 -21.60 -19.75 

9. -4.76 -9.52 -16.67 -21.43 -15.48 -19.05 

10. 5.36 -1.79 -9.82 -15.18 -19.64 -16.07 

11. -5.21 -8.33 -16.67 -12.50 -16.67 -14.58 

12. -6.21 -2.76 -12.41 -16.55 -24.14 -20.00 

13. 2.31 -6.15 -14.62 -20.77 -23.08 -21.54 
Mean 

± 

SEM 

-1.986 
± 

1.2 
 
 

-4.685 
± 

0.82 
 
 

-12.23 
± 

1.8 
 

-15.46 
± 

1.5 
 
 

-17.52 
± 

1.4 
 
 

-18.00 
± 

1.1 
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Table 4.29: Percentage of Changes in Skin Sebum Contents after the Application of 

Cream F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -4.00 2.86 -5.14 6.29 8.57 5.14 

2. 7.93 3.05 10.98 7.32 10.37 3.66 

3. -9.59 -19.86 -3.42 -4.11 -4.79 0.00 

4. -13.43 -3.73 1.49 -2.24 8.96 2.99 

5. 4.65 8.72 -5.81 -8.14 -3.49 2.33 

6. 10.77 5.38 -0.77 8.46 -4.62 3.08 

7. 3.61 -10.84 13.25 18.07 7.23 10.84 

8. -5.48 -11.64 -5.48 -15.07 -3.42 0.68 

9. 5.00 13.75 7.50 10.00 17.50 12.50 

10. -9.60 3.20 -4.80 8.00 13.60 8.80 

11. 12.09 19.78 5.49 14.29 8.79 5.49 

12. 5.92 13.16 4.61 9.21 3.95 5.92 

13. -7.44 5.79 10.74 19.83 8.26 4.13 
Mean 

± 

SEM 

0.033 
± 

2.4 
 
 

2.27 
± 

3.1 
 
 

2.2 
± 

1.9 
 

5.5 
± 

2.8 
 

5.4 
± 

2.03 
 
 

5.04 
± 

1.03 
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Figure 4.16: Mean Percentage of Changes Produced in Skin Sebum after the 

Application of F3 and F2. 

4.1.8.8. Clinical Evaluation 

Out of 50 volunteers, 31(17 for F1 and 14 for F2) cases had grade I acne while 19 (12 for F1 

and 07 for F2) cases had grade II acne. In case of grade I acne, there were excellent recovery 

in 9 cases and good results in 17 patients. In case of grade II acne, there were excellent 

results in 04 cases and good results in 13 patients. Results are summarized in Table 4.30.  

Table 4.30: Clinical Evaluation of F1, F2 and F3 

Grade  No. of 
patients  

 

Main 
features  

 

Response P 
value 

Excellent Good Equivocal 

F1 
 

F2 
 

F3 
 

F1
 

F2
 

F3
 

F1
 

F2 
 

F3 
 

I 31 Papules  
 

5 04 00 11 06 00 02 03 - 0.002 
 

 
II 

19 Papules  
 

2 2 00 8 5 00 1 1 - 0.047 
 

Comedones 
 

4 00 00 8 5 00 1 1 - 
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4.1.8.9. Stratum Corneum Water Contents for F1 and F3 

The percent changes for the epidermal function parameter (Stratum corneum water contents) 

following 12 weeks treatment with placebo (F3) and active formulation of Hippophae 

rhamnoides (F1) have been presented in Tables 4.31 and 4.32 whereas the comparative 

mean percent changes along with statistical analysis, have been shown in Fig 4.18 

In case hydration level of the stratum corneum, when we checked placebo side of the cheek 

then it was noticeable that placebo treatment has shown very slight initial increase in 

hydration level i.e. 5.5 % after 1st week and the effect remained gradually increased till 12th 

week up to 7.10 %, compared to baseline hydration level of 13 volunteers. When one way 

analysis of variance (Kruskal-Wallis test) applied, there was significant (P<0.0001) different 

between active formulation and base. When Dunn's multiple comparison test applied there 

were insignificant (P˃0.05) results between various time intervals except the 1st and 3rd 

week, 1st and 10th week where significant results obtained.  

 

 

Figure 4.17:  (A) Baseline Photo of a Patient Treated with F1. (B) Clinical 
Improvement Seen after 12 Weeks of Therapy with F1 
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Table 4.31: Percentage of Changes in Stratum Corneum Water Contents after the 

Application of F1. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. 15.94 27.78 7.02 12.46 9.78 30.79 

2. 18.27 15.58 11.29 12.12 18.24 24.84 

3. 18.37 15.85 28.97 28.63 38.05 24.23 

4. 28.19 15.39 28.46 6.17 36.12 23.32 

5. 22.97 20.63 11.54 26.06 13.14 17.38 

6. 15.36 17.85 29.26 2.83 47.35 25.97 

7. 23.9 16.68 8.59 4.74 14.46 31.57 

8. 16.74 30.69 31.26 28.05 25.81 26.2 

9. 33.05 16.71 43.2 16.5 34.6 30.14 

10. 22.45 18.25 51.31 5.28 11.25 22.53 

11. 14.52 21.54 25.09 13.88 23.63 25.7 

12. 15.94 21.16 8.61 9.26 13.95 19.92 

13. 17.4 15.79 10.74 9.83 8.26 24.13 
Mean 

± 

SEM 

20.2 
± 

0.92 
 
 

19.7 
± 

0.88 
 
 

22.72 
± 

1.9 
 

23.52 
± 

0.85 
 

22.66 
± 

0.93 
 
 

25.3 
± 

1.03 
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Table 4.32: Percentage of Changes in Stratum Corneum Water Contents after the 

Application of F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. 7.78 7.02 12.46 9.78 10.79 9.79 

2. 5.58 11.29 12.12 8.24 4.84 8.63 

3. 15.85 28.97 14.63 18.05 14.23 11.09 

4. 5.39 28.46 16.17 36.12 13.32 10.4 

5. 20.63 11.54 26.06 13.14 7.38 6.12 

6. 7.85 29.26 12.83 17.35 5.97 12.61 

7. 6.68 8.59 10.74 14.46 1.57 9.92 

8. 30.69 31.26 28.05 25.81 16.2 10.29 

9. 6.71 13.2 16.5 14.6 10.14 10.26 

10. 8.25 5.31 5.28 11.25 12.53 12.49 

11. 11.54 25.09 13.88 13.63 10.70 8.66 

12. 8.92 13.16 4.61 7.21 10.95 9.92 

13. 7.48 5.79 10.74 9.85 8.4 7.13 
Mean 

± 

SEM 

11.03 
± 

2.63 
 
 

16.84 
± 

3.34 
 
 

13.39 
± 

2.9 
 

14.38 
± 

3.08 
 

9.00 
± 

0.58 
 
 

9.79 
± 

0.62 
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Figure 4.18: Mean Percentage of Changes Produced in Stratum Corneum Water 

Contents after the Application of F3 and F1 

4.1.8.10. Stratum Corneum Water Contents for F2 and F3 

The percent changes for the epidermal function parameter (Stratum corneum water contents) 

following 12 weeks treatment with placebo (F3) and active formulation of Cassia fistula 

(F2) have been presented in Tables 4.33 and 4.34 whereas the comparative mean percent 

changes along with statistical analysis, have been shown in Fig 4.19 

In case of stratum corneum water contents, placebo produced initial increase in hydration 

level i.e. 2.6 % mean increase after 1st week and the effects remained regularly increased till 

12th week up to 5.5 %, mean increase compared to baseline hydration level of 25 volunteers. 

When one way analysis of variance (Kruskal-Wallis test) applied, there was significant 

(P<0.0001) different between placebo and Cassia fistula extract emulsion. When Dunn's 

multiple comparison tests applied there were significant (P˂0.05) results obtained at 6th, 8th, 

10th and 12th week of study period by comparing placebo to Cassia fistula extract emulsion.  
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Table 4.33: Percentage of Changes in Stratum Corneum Water Contents after the 

Application of F2. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. 4.82 2.17 13.53 8.53 9.90 2.66 

2. 3.65 2.81 13.93 8.21 10.65 9.48 

3. 1.56 2.65 11.59 10.44 10.23 9.66 

4. 3.26 3.94 11.57 4.99 14.20 10.21 

5. 3.18 3.64 13.05 10.45 9.50 9.70 

6. 7.11 0.22 12.67 3.56 8.67 11.79 

7. 2.04 2.09 14.18 14.96 14.18 11.29 

8. 1.29 5.66 16.60 12.17 11.14 12.07 

9. 3.22 2.64 15.93 11.29 11.93 12.68 

10. 6.95 2.71 12.42 10.50 10.13 8.78 

11. 1.72 2.86 13.99 12.01 10.86 11.10 

12. 1.96 4.80 11.92 11.44 11.60 11.95 

13. 1.95 1.42 12.24 13.55 9.73 6.50 
Mean 

± 

SEM 

3.98 
± 

0.6435 
 
 

2.201 
± 

0.5581 
 
 

13.36 
± 

0.4359 
 

10.16 
± 

0.8841 
 

10.98 
± 

0.4640 
 
 

9.83 
± 

0.7559 
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Table 4.34: Percentage of Changes in Stratum Corneum Water Contents after the 

Application of F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. 3.80 -0.76 4.76 5.70 1.52 2.73 

2. 3.82 3.50 2.32 3.82 5.73 4.93 

3. 0.31 3.37 3.92 1.84 5.83 6.06 

4. 2.41 7.23 2.64 3.92 6.02 12.91 

5. 5.06 1.69 6.18 10.67 3.09 5.67 

6. 5.22 5.60 6.00 3.73 2.61 6.67 

7. 3.01 3.01 2.71 2.11 5.06 6.07 

8. 1.49 4.76 5.95 9.82 4.58 0.42 

9. 1.35 2.69 4.93 0.90 9.42 13.15 

10. 5.01 9.47 3.32 3.09 4.76 0.00 

11. 0.89 10.49 4.89 6.03 2.23 11.54 

12. 0.99 1.26 5.82 6.45 2.53 6.11 

13. 1.10 2.29 3.02 3.66 2.22 7.96 
Mean 

± 

SEM 

2.65 
± 

0.491 
 
 

1.36 
± 

1.45 
 
 

4.34 
± 

0.39 
 
 

4.03 
± 

1.08 
 

2.06 
± 

1.24 
 
 

5.54 
± 

1.51 
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Figure 4.19: Mean Percentage of Changes Produced in Stratum Corneum Water 

Contents after the Application of F3 and F2. 

4.1.8.11. SELS (Surface Evaluation of Living Skin) for F1 and F3 

Four major SELS (SEr, SEsc, SEsm and Sew) parameters were measured at baseline (0 time 

values) and then at 1st, 2nd and 3rd month of study period by Visioscan® VC 98. The percent 

changes in the values for all volunteers were calculated and presented in Tables 4.35, 4.36, 

4.37 and 4.38 whereas the mean percent changes are presented by Figure 4.20. An example 

of typical and 3D image taken by SELS 2000 software of a volunteer facial skin at base line 

and after 3 months treatment has been shown in Figure 4.21 
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Applying one way ANOVA it was concluded that there was statistically significant 

(p=0.0035) difference between the effects of placebo and Cassia fistula extract emulsion. 

With respect to time there was insignificant (P˂0.05) difference among the values. 

Table 4.35: Values of Skin Roughness (SEr) after Application of F1 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 4.11 4.08 3.98 4.17 3.96 4.07 3.88 4.05 

2 4.11 4.12 4.12 4.11 4.06 3.91 3.89 4.12 

3 3.55 3.54 3.52 3.53 3.49 3.59 3.41 4.03 

4 4.02 4.01 3.98 4.02 3.95 4.02 3.85 3.99 

5 4.05 4.04 4.01 4.03 3.97 4.09 3.81 4.05 

6 4.15 4.16 4.11 4.15 4.05 4.25 3.94 4.05 

7 4.64 4.65 4.59 4.64 4.55 4.64 4.41 4.64 

8 3.62 3.64 3.6 3.63 3.54 3.50 3.42 3.62 

9 4.1 4.12 3.98 4.11 3.94 4.15 3.8 4.12 

10 4.06 4.09 4.02 3.57 3.97 4.07 3.79 4.07 

11 4.14 4.15 4.19 4.04 4.15 4.24 4.05 4.34 

12 3.72 3.64 3.06 3.53 3.54 3.50 3.42 3.72 

13 4.11 4.02 3.98 4.12 4.04 4.15 3.81 4.12 

Mean 
± 

SD 

4.03 
± 

0.042 

4.02 
± 

0.043 

3.93 
± 

0.056 

3.97 
± 

0.049 

3.94 
± 

0.043 

4.01 
± 

0.049 

3.81 
± 

0.042 

4.07 
± 

0.038 
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Table 4.36: Values of Skin Scaliness (SEsc) after Application of F1 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 1.97 1.78 1.96 1.98 1.90 1.97 1.95 1.96 

2 1.83 1.85 1.58 1.51 1.74 1.81 1.66 1.81 

3 1.75 1.72 1.75 1.73 1.84 1.73 1.82 1.72 

4 1.61 1.52 1.58 1.61 1.44 1.61 1.55 1.61 

5 1.88 1.69 1.85 1.88 1.88 1.87 1.81 1.88 

6 1.71 1.74 1.68 1.7 1.67 1.7 1.65 1.69 

7 1.83 1.74 1.8 1.83 1.72 1.83 1.75 1.82 

8 1.78 1.82 1.75 1.78 1.76 1.78 1.77 1.71 

9 1.33 1.54 1.32 1.33 1.34 1.33 1.34 1.33 

10 1.84 1.86 1.71 1.84 1.65 1.84 1.67 1.84 

11 1.73 1.68 1.64 1.68 1.60 1.68 1.56 1.67 

12 1.94 1.88 1.97 1.97 1.92 1.97 1.98 1.87 

13 3.98 1.72 1.98 1.81 1.78 1.72 1.86 1.96 

Mean 
± 

SD 

1.94 
± 

0.096 

1.73 
± 

0.017 

1.74 
± 

0.028 

1.74 
± 

0.028 

1.71 
± 

0.026 

1.76 
± 

0.025 

1.72 
± 

0.027 

1.76 
± 

0.026 
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Table 4.37: Values of Skin Smoothness (SEsm) after Application of F1 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 123.24 123.12 122.32 123.11 121.34 123.11 122.28 122.98 

2 115.38 110.23 110.24 109.68 109.64 109.67 102.23 108.54 

3 101.42 98.65 99.11 99.37 98.86 99.37 92.26 98.87 

4 100.38 93.47 102.26 93.01 91.14 93.01 88.59 92.38 

5 121.86 112.34 109.84 111.15 108.82 111.11 104.28 110.24 

6 98.55 88.67 86.62 88.23 85.32 88.23 84.41 87.24 

7 105.23 105.36 105.01 105.2 104.77 105.2 99.64 104.19 

8 107.96 108.14 106.61 108.02 105.27 108.02 104.29 107.95 

9 99.86 99.37 98.361 98.89 98.208 98.89 97.11 97.54 

10 124.97 125.26 123.34 124.38 122.27 124.38 114.35 122.34 

11 144.26 145.38 143.38 145.06 140.26 145.06 135.54 144.84 

12 122.35 131.21 121.32 123.11 120.34 133.15 111.28 123.99 

13 111.37 136.65 110.24 109.68 109.64 119.67 102.23 105.55 

Mean 
± 

SD 

113.60 
± 

2.031 

113.68 
± 

2.639 

110.67
± 

2.171 

110.68 
± 

2.315 

108.91
± 

2.215 

112.22 
± 

2.474 

104.50 
± 

2.106 

109.74 
± 

2.354 
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Table 4.38: Values of Skin Wrinkles (SEw) after Application of F1 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 76.66 76.65 75.99 76.64 75.31 74.63 73.64 75.63 

2 73.59 74.41 72.94 74.41 71.25 73.42 69.84 73.42 

3 72.14 72.12 71.68 72.11 71.11 72.11 69.84 72.12 

4 75.98 76.35 75.11 76.33 74.75 76.32 73.14 76.32 

5 73.3 73.28 72.75 73.27 72.16 73.27 70.71 73.27 

6 78.9 78.89 77.89 78.88 77.26 78.87 74.59 78.87 

7 75.25 75.26 74.56 75.25 73.25 75.25 71.48 75.25 

8 77.26 77.24 76.22 77.23 75.68 77.23 75.19 77.23 

9 68.61 68.59 68.24 68.58 67.29 68.58 66.9 68.57 

10 62.41 62.38 61.51 62.37 60.22 62.37 58.08 62.37 

11 66.1 66.12 64.52 66.11 62.35 66.11 61.29 66.12 

12 76.67 77.67 71.93 76.67 74.32 76.73 72.64 76.65 

13 73.55 75.42 72.94 73.45 71.25 74.43 68.54 74.33 

Mean 
± 

SD 

73.11 
± 

0.724 

73.41 
± 

0.745 

72.02 
± 

0.715 

73.18 
± 

0.729 

71.25 
± 

0.777 

73.02 
± 

0.716 

69.68 
± 

0.769 

73.09 
± 

0.720 
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Figure 4.20: Percentage of Changes in Mean VC 98 Units of SELS Parameters after 3 
Months Application of F1 and F3 
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Figure 4.21: Images Taken by Visioscan® UV Camera. Image A) Before any 
Treatment, Image B) After 90 Days Treatment with F1, C) 3D Image before any 
Treatment, D) 3D Image after 90 Days Treatment. An improvement Can be Observed 
in Facial Wrinkles Perfection after Treatment
 
4.1.8.12. SELS (Surface Evaluation of Living Skin) for F2 and F3 

Four major SELS (SEr, SEsc, SEsm and Sew) parameters were measured at baseline (0 time 

values), at 1st, 2nd and 3rd month of study period and the values are presented in Tables 4.39, 

4.40, 4.41 and 4.42. The mathematical percent changes in the values were calculated and 

the mean percent changes are shown in Figure 4.22. An example of typical and 3D image 

taken by SELS 2000 software of a volunteer facial skin at base line and after 3 months 

treatment has been shown in Figure 4.23  

A 

C 

B 

D
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Applying one way ANOVA it was concluded that there was statistically significant 

(p=0.0035) difference between the effects of F3 and F2. With respect to time there was 

insignificant (P˂0.05) difference among the values. 

Table 4.39: Values of Skin Roughness (SEr) after Application of F2 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 2.11 2.09 2.15 2.13 2.11 2.08 2.13 2.07 

2 2.16 2.12 2.22 2.11 2.09 2.11 2.11 2.1 

3 2.54 2.54 2.51 2.53 2.49 2.51 2.45 2.52 

4 3.02 3.01 2.98 3.09 2.94 2.99 2.91 2.99 

5 3.06 3.05 3.02 3.04 2.97 3.03 2.96 3.04 

6 3.12 3.14 3.09 3.13 3.06 3.12 3.01 3.11 

7 3.16 3.71 3.07 3.7 3.03 3.09 2.95 3.69 

8 3.4 3.42 3.34 3.41 3.29 3.41 3.24 3.4 

9 3.57 3.56 3.55 3.55 3.51 3.54 3.46 3.55 

10 4.04 4.04 3.98 4.03 3.92 4.05 3.87 4.02 

11 3.25 3.27 3.21 3.25 3.15 3.24 3.11 3.22 

12 2.09 2.09 2.07 2.11 1.99 2.09 1.95 2.09 

13 2.14 2.15 2.12 2.15 2.06 2.12 2.01 2.13 

Mean 
± 

SD 

2.90 
± 

0.096 

2.94 
± 

0.102 

2.87 
± 

0.092 

2.94 
± 

0.101 

2.82 
± 

0.093 

2.88 
± 

0.097 

2.78 
± 

0.091 

2.92 
± 

0.102 
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Table 4.40: Values of Skin Scaliness (SEsc) after Application of F2 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 1.57 1.66 1.59 1.65 1.63 1.63 1.51 1.64 

2 1.79 1.78 1.68 1.77 1.55 1.77 1.63 1.79 

3 1.76 1.75 1.71 1.74 1.64 1.74 1.61 1.73 

4 1.66 1.65 1.62 1.64 1.57 1.64 1.54 1.63 

5 1.84 1.84 1.79 1.82 1.75 1.81 1.69 1.81 

6 1.63 1.62 1.58 1.6 1.54 1.6 1.48 1.59 

7 1.78 1.78 1.74 1.76 1.68 1.76 1.63 1.75 

8 1.69 1.69 1.66 1.68 1.61 1.67 1.57 1.67 

9 1.24 1.25 1.21 1.23 1.16 1.23 1.14 1.22 

10 1.85 1.84 1.82 1.83 1.79 1.83 1.75 1.82 

11 1.57 1.58 1.55 1.56 1.51 1.55 1.47 1.55 

12 1.54 1.63 1.42 1.62 1.62 1.62 1.57 1.65 

13 1.48 1.75 1.58 1.77 1.68 1.79 1.65 1.77 

Mean 
± 

SD 

1.65 
± 

0.026 

1.68 
± 

0.023 

1.61 
± 

0.024 

1.67 
± 

0.024 

1.59 
± 

0.023 

1.66 
± 

0.024 

1.56 
± 

0.023 

1.66 
± 

0.024 
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Table 4.41: Values of Skin Smoothness (SEsm) after Application of F2 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 73.23 73.12 71.167 73.1 71.18 73.98 69.92 77.95 

2 106.39 106.34 103.77 106.3 101.47 104.17 101.23 106.91 

3 91.36 91.36 89.25 91.3 87.65 91.25 84.19 92.14 

4 73.55 73.54 70.26 73.5 68.49 73.23 63.54 72.16 

5 106.4 106.4 105.31 106.39 102.03 106.35 99.82 104.29 

6 98.37 98.38 96.37 98.38 93.24 98.36 89.47 99.11 

7 103.66 103.65 101.65 103.59 98.97 103.46 93.56 104.38 

8 107.27 107.28 105.23 107.17 103.64 107.05 100.24 104.98 

9 98.63 98.64 95.62 98.55 93.47 98.49 92.13 99.85 

10 117.26 117.25 116.35 117.21 114.27 117.02 111.17 112.95 

11 126.632 126.63 125.34 126.6 122.28 126.11 120.23 122.91 

12 73.11 74.12 72.16 75.11 70.18 73.91 68.92 77.95 

13 106.35 105.34 103.65 107.32 101.37 106.11 100.23 104.99 

Mean 
± 

SD 

98.63 
± 

2.547 

98.62 
± 

2.524 

96.63 
± 

2.582 

98.81 
± 

2.516 

94.48 
± 

2.505 

98.42 
± 

2.494 

91.90 
± 

2.530 

98.51 
± 

2.234 
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Table 4.42: Values of Skin Wrinkles (SEw) after Application of F2 and F3 

Volunteers 0 TIME 
 

MONTH 1 MONTH 2 MONTH 3 
 

F1 F3 F1 F3 F1 F3 F1 F3 

1 54.33 56.32 55.12 56.3 54.86 56.33 51.64 56.24 

2 55.62 47.56 54.84 47.55 49.98 49.55 52.67 47.54 

3 65.25 62.57 65.2 62.56 64.46 62.54 63.35 62.54 

4 63.24 66.34 63.21 66.33 62.02 66.33 61.27 66.3 

5 65.87 63.98 65.85 63.97 64.11 63.96 63.04 63.96 

6 70.34 68.51 70.3 68.5 69.03 68.5 68.22 68.48 

7 63.21 65.84 63.2 65.82 61.95 65.81 60.48 65.81 

8 75.41 77.52 75.38 77.5 74.24 77.48 73.02 77.48 

9 50.23 48.26 50.21 48.25 48.84 48.25 47.98 48.24 

10 53.26 52.38 53.25 52.36 52.07 52.36 51.54 52.35 

11 58.95 56.48 58.93 56.47 57.76 56.45 56.47 56.45 

12 54.32 54.32 57.12 57.31 52.86 55.39 51.84 54.59 

13 55.51 57.56 55.84 57.51 53.98 57.52 52.67 57.34 

Mean 
± 

SD 

60.43 
± 

1.133 

59.82 
± 

1.305 

60.65 
± 

1.104 

60.03 
± 

1.287 

58.94 
± 

1.174 

60.04 
± 

1.262 

58.01 
± 

1.141 

59.79 
± 

1.303 
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Figure 4.22: Percentage of Changes in Mean VC 98 Units of SELS Parameters after 3 
Months Application of F2 and F3 
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Figure 4.23: Images Taken by Visioscan® UV Camera. Image A) Before any 
Treatment, Image B) After 90 Days Treatment with F2, C) 3D image before any 
treatment, D) 3D Image after 90 Days Treatment. An Improvement Can be Observed 
in Facial Wrinkles Perfection after Treatment 
 
 

4.1.8.13. Trans Epidermal Water Loss (TEWL) for F1 and F3 

The percent changes for the epidermal function parameters following 12 weeks treatment 

with F3 and F1, have been shown in Tables 4.43 and 4.44 whereas the comparative mean 

percent changes along with statistical analysis are presented in Fig 4.24 

In case of TEWL, when we checked F3 (placebo) side of the cheek then it was noticeable 

that placebo treatment has shown mean initial decrease in TEWL i.e. -4.66 % after 1st week 

A 

C 

B 

D
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and the effect remained uncertain after 12th week up to -0.93 %, with a maximum mean 

reduction in the 10th week i.e. -4.89 % compared to baseline TEWL values.  

Different to F3 treatment effects some excellent improvement in barrier function has been 

observed after treatment with F1 (Hippophae rhamnoides containing emulsion) i.e.  -7.04 % 

mean initial reduction in TEWL after 1st week treatment, -12.26 % reductions after 1 month, 

and -18.77 % reductions in TEWL at the end of study period to that of baseline values. 

When one way analysis of variance (Kruskal-Wallis test) applied, there was significant 

(P<0.0001) different between active formulation and base. When Dunn's multiple 

comparison tests applied there were insignificant (P˃0.05) results between various time 

intervals.  

Table 4.43: Percentage of Changes in TEWL after the Application of F1. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -6.17 -10.26 -4.51 -4.51 -20.73 -17.73 

2. -1.72 -5.73 -6.18 6.18 -9.49 -10.49 

3. -10.40 -15.02 -22.23 -22.23 -18.21 -16.21 

4. -9.21 -10.52 -12.41 2.41 -15.90 -15.71 

5. -9.41 -20.59 -7.65 7.65 -23.94 -27.94 

6. -7.28 -7.89 -7.32 1.32 -24.12 -20.12 

7. -3.50 -17.75 -23.00 -43.00 -35.22 -30.22 

8. -16.08 -13.63 -17.71 -17.71 -31.00 -31.00 

9. -1.87 -14.64 -16.54 6.54 -2.80 -12.80 

10. -5.13 -12.84 -14.81 -21.81 -27.53 -20.53 

11. -5.00 -10.90 -13.00 -15.00 -17.00 -17.99 

12. -4.55 -8.67 -9.98 -14.00 -12.00 -15.00 

13. -9.02 -10.89 -9.34 -11.00 -9.32 -8.32 

Mean 
± 

SEM 

-6.8723 
± 

1.1 
 
 

-12.256 
± 

1.1 
 
 

-12.668 
± 

1.6 
 
 

-9.6277 
± 

4.1 
 

-19.020 
± 

2.5 
 
 

-18.774 
± 

1.9 
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Table 4.44: Percentage of Changes in TEWL after the Application of F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -1.000 -1.98 2.69 -1.69 -2.80 -1.99 

2. -8.390 -1.10 -2.33 -2.33 -1.96 2.00 

3. -4.150 -6.23 -1.34 -1.34 -8.68 -2.00 

4. 1.480 -3.38 7.98 7.98 -4.70 -2.10 

5. -8.660 6.96 -3.66 -1.66 -2.73 4.00 

6. 6.920 12.63 -1.43 -1.43 -5.56 -1.99 

7. -1.760 -3.45 -1.60 -1.60 -7.64 5.00 

8. 3.780 6.90 0.87 0.87 -4.08 -6.01 

9. -1.390 -2.43 -2.63 -2.63 -9.00 -3.00 

10. -5.140 -0.83 -4.58 -4.58 -6.60 -2.00 

11. 1.880 -0.60 2.00 0.99 -3.00 -3.45 

12. -0.099 -0.99 -1.99 -0.79 -2.90 4.00 

13. -1.080 2.00 3.00 2.00 -3.90 -4.56 

Mean 
± 

SEM 

-1.35 
± 

1.24 
 
 

0.576 
± 

1.45 
 
 

-0.232 
± 

0.95 
 
 

-0.478 
± 

0.84 
 

-4.89 
± 

0.66 
 
 

-0.931 
± 

0.97 
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Figure 4.24: Mean Percentage of Changes Produced in TEWL after the Application of 

F3 and F1. 

4.1.8.14. Trans Epidermal Water Loss (TEWL) for F2 and F3 

The percent changes for the epidermal function parameters following 12 weeks treatment 

with F3 and F2, have been shown in Tables 4.45 and 4.46 whereas the comparative mean 

percent changes along with statistical analysis are presented in Fig 4.25 

In this study, F3 showed TEWL in an irregular pattern while F2 showed a regular decrease 

in TEWL throughout the study period of 12 weeks.  

The percent TEWL changes by F3, it was observed that F3 has shown mean initial decrease 

in TEWL i.e. -0.728 % after 1st week and the effect remained regular after 12th week up to -

3.187 % compared to baseline TEWL values of all volunteers.  

F2 produced -2.638% mean initial reduction in TEWL after 1st week treatment and -8.102 % 

reductions in TEWL after 12th week of study period to that of baseline values.  

When one way analysis of variance (Kruskal-Wallis test) applied, there was significant 

(P<0.0001) different with respect to F1 and F3. When Dunn's multiple comparison tests 
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applied there were very significant (p=***) results between 1st and 12th week. Other results 

were insignificant (P˃0.05) with respect to time. 

 

Table 4.45: Percentage of Changes in TEWL after the Application of F2. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -5.97 -7.57 -10.29 -8.91 -7.53 -9.97 

2. 2.53 -7.50 -12.38 -10.16 -8.84 -11.28 

3. 2.85 -8.01 -3.43 -8.81 -5.97 -7.61 

4. -5.28 -5.24 -12.67 -11.19 -10.06 -14.03 

5. 3.41 -1.70 -6.71 -1.21 -12.67 -6.08 

6. 3.27 -0.88 -5.33 -5.71 -7.23 -8.26 

7. -4.64 -10.66 -13.77 -9.66 -8.27 -9.33 

8. -5.51 -9.64 -17.40 -12.68 -11.99 -7.99 

9. -5.78 -3.83 -11.67 -15.35 -12.60 -1.66 

10. -5.00 -11.02 -9.33 -10.75 -11.42 -2.77 

11. -4.22 -10.72 -12.17 -12.75 -8.77 -9.86 

12. -5.53 -8.09 -12.21 -10.51 -11.19 -8.60 

13. -4.42 -7.82 -9.42 -11.81 -10.49 -7.89 

Mean 
± 

SEM 

-2.64 
± 

1.01 
 

 

-7.129 
± 

0.92 
 

 

-10.52 
± 

1.03 
 

 

-9.962 
± 

0.97 
 

-9.772 
± 

0.60 
 

 

-8.102 
± 

0.90 
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Table 4.46: Percentage of Changes in TEWL after the Application of F3. 

Volunteer 
No. 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Weeks 12 Weeks 

1. -3.30 0.66 -3.42 -3.58 -5.86 0.15 

2. 3.82 -3.99 -3.18 -3.47 1.56 -4.82 

3. -0.31 0.66 0.31 -2.63 2.78 0.46 

4. -2.41 -2.88 3.92 2.16 2.53 -3.73 

5. 5.06 -3.86 -3.30 -5.28 -4.18 -5.02 

6. -5.22 2.00 -1.49 -2.80 -3.30 -3.10 

7. -3.01 -3.27 -0.30 -3.27 -1.35 -2.47 

8. 1.49 3.17 -5.95 -1.70 -1.13 -0.57 

9. -1.35 -3.99 1.35 -6.26 -5.16 -3.56 

10. -5.01 -0.66 -7.52 2.89 -5.68 -4.21 

11. 0.89 -3.27 3.13 -5.98 -2.20 -6.49 

12. 0.99 -1.26 -0.82 -6.45 -2.53 -6.11 

13. -1.10 -2.29 -1.02 -3.66 -2.22 -1.96 

Mean 
± 

SEM 

-0.73 
± 

0.87 

-1.5 
± 

0.67 
 
 

-1.4 
± 

0.91 
 
 

-3.1 
± 

0.80 
 

-2.06 
± 

0.81 
 
 

-3.19 
± 

0.62 
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Figure 4.25: Mean Percentage of Changes Produced in TEWL after the Application of 

F3 and F2. 

4.1.8.15. Panel Test 

Different parameters of sensory evaluation like ease of application, Spreadibility, sense just 

after application, sense in long term, irritation and shine on skin and sense of softness were 

compared for F3 and F1 and F2 after their application on the cheeks of human volunteers. 

Average points of Panel test by the volunteers to F1, F2 and F3 are presented in Table 4.47 

By applying t-test between the average pints for F1, F2 and F3; it was found that:  

F1, F2 and F3 show p>0.05, Where p>0.05=No Variance; p<0.05=Significant Variance. 

Table 4.47: Average Points of Panel Test by the Volunteers for F1, F2 and F3 

Parameter Mean ± SD 
 (F1)

Mean ± SD 
(F2)

Mean ± SD 
(F3) 

Ease of application 4.21 ± 0.07 4.53 ± 0.08 
 

4.25 ± 0.12 
 

Spreadability 4.00 ± 0.11 
 

4.30 ± 0.07 
 

4.00 ± 0.15 
 

Sense just after  
application 

3.90 ±0.10 
 

3.60 ± 0.08 
 

4.10 ± 0.08 
 

Sense in long term 3.60 ± 0.07 
 

3.70 ± 0.04 
 

4.05 ± 0.09 
 

Irritation 0.00 ± 0.00 
 

0.00 ± 0.00 
 

0.00 ± 0.00 
 

Shine on skin 3.30 ± 0.09 
 

3.30 ± 0.10 
 

3.58 ± 0.11 
 

Sense of softness 4.40 ± 0.08 
 

4.70 ± 0.07 
 

4.50 ± 0.06 
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4.2. Discussion 

4.2.1. Phytochemical Screening and Acute Toxicity Tests 

Results of the present study comprise rational evidence and a scientific justification and 

support to the use of Cassia fistula and Hippophae rhamnoides in traditional medicine. The 

preliminary phytochemical analysis of the leaves of Cassia fistula and berries of Hippophae 

rhamnoides showed the presence of alkaloids, glycosides, saponins, anthraquinones, 

tannins, flavonoids and coumarins with the exception of coumarins which were absent in 

Hippophae rhamnoides. Many studies reported that plants containing flavonoids, tannins 

and sterols may be used for anti-microbial activity (Ramzi et al., 2006) so both Cassia 

fistula and Hippophae rhamnoides may be explored for anti-bacterial activity. Isao et al 

(2003) described that tannins are known to react with proteins by cross-links; a process 

known as tanning, thus tannins should somehow irreversibly inactivate the tyrosinase (Isao 

et al., 2003). 

Saponins are positive for both plants and have been shown to have enormous significance as 

anti hyper-cholesterol, hypo-tensive, skin ailments and cardiac depressant properties. Hence 

these plants could be suitable for these purposes. Midori et al (2003) suggested that 

glycosides exhibited the significant inhibitory effects on the two-stage carcinogenesis test of 

mouse skin tumors. Cardiac glycosides showed positive results for both plants indicating 

their possible use in carcinogenesis involved hyperpigmentation (Trease and Evans, 2008; 

Midori et al., 2003). The existence of different secondary metabolites especially saponins, 

tannins and flavonoids in plants have also been linked to the antimicrobial activities of the 

plants (Lewis and Ausubel, 2006; Cowan, 1999). Therefore, the preliminary observations 

suggest that H. rhamnoides and C. fistula extract could be potential source of potent anti-

microbial and also in an application as a new natural skin-whitening agent. 

In case of acute toxicity study it was observed that all the animals survived after 24 hrs and 

even after 48 hrs. Hence, it was proved from the acute toxicity test that the crude extracts of 
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both plants are quite safe and having no acute toxicity up to the dose of 10g/Kg of body-

weight orally which is considered a very high dose. 

Concentration on natural products is increasing rapidly, and research into natural products 

has advanced tremendously in pharmaceuticals. Natural products have proved to be a rich 

source of therapeutic agents. In addition, these results indicated that Cassia fistula and 

Hippophae rhamnoides could not only serve as a folk medicine but may also be of 

importance in scientific ethno-botanical studies due to their phytochemicals. In case of 

toxicity study it can be concluded that the hydro-alcoholic extract of leaves of Cassia fistula 

and berries of Hippophae rhamnoides are safe up-to very high doses.  

4.2.2. Total Phenolics and Anti-oxidant Activity 

Botanical furtive has been passed down through generations of herbal folklore, and 

nowadays, the botanical extract is playing an increasingly important role in therapeutics. H. 

rhamnoides and C. fistula are two important medicinal plants used in folk medicines.  

Traditional systems of medicine are becoming gradually more important in view of their 

safety. Existing approximation propose that a large proportion relies heavily on conventional 

medicines to meet primary health care needs (Alluri et al., 2006). Antioxidants prevent free 

radical-induced oxidative damage by effectively quenching them or inhibiting damage caused 

by them as free radicals are involved in various human diseases like skin disorders, 

cardiovascular diseases, neural disorders such as Alzheimer’s, Parkinson’s disease and 

diabetes. Synthetic antioxidants have been in use as food additives for a long time, but safety 

concerns and reports on their involvement in chronic diseases have restricted their use in 

foods. Attention has therefore been directed toward the development/isolation of natural 

antioxidants from botanical sources, especially edible plants (Zia et al., 2008).  

Tyrosinase performs multiple functions in humans. It is glycosylated and copper containing 

oxidase which catalyzes the first two steps of melanogenesis in mammals. Tyrosinase 

overproduction causes hyperpigmentation. Hyperpigmentation in human skin and enzymatic 
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browning in fruits are not desirable. These phenomena have urged researchers to seek new 

potent tyrosinase inhibitors for use in food and cosmetics (Hirsh et al., 1997; Chiba, 1997; 

Lebovitz, 1997; Fais et al., 2009; Ubeid et al., 2009).   

Total phenolic contents observed spectophotometrically indicated sufficient amount of these 

important contents present in extracts of Hippophae rhamnoides and Cassia fistula. Total 

phenolic contents (TPC) are directly related with antioxidant activity. Our study confirmed 

the work of KoreKar (2011) who demonstrated TPC in methanolic fruit extracts of H. 

rhamnoides that was 4056±70.1mg GAE/100 g. DPPH radical scavenging activity indicated 

that Cassia fistula extract scavenged this radical even more than Hippophae rhamnoides 

extract. Nitric oxide radical scavenging activity also indicated significant potential of extract 

to quench NO radicals. Superoxide anion and hydroxyl ion scavenging activity similarly also 

indicated sufficient antioxidant potential of Hippophae rhamnoides and Cassia fistula 

extracts. It is commonly supposed that the total number of hydroxyl groups present in the 

aromatic component of plant extract tender improved antioxidant activity. However this is 

not always the case since phenolics are diverse in their classification which reacts in a 

different way (Zia et al., 2012). In the present study, not only a significant connection exists 

between the reducing power and the total phenolics in Hippophae rhamnoides and Cassia 

fistula extracts, these two were equally found to have a high antioxidant potential.  

 In case of tyrosinase inhibition activity by plant extracts (expressed as IC50 values), results of 

the current study showed that H. rhamnoides had slight poor antityrosinase activity as 

compared to C. fistula extract.  

The results achieved were comparable to those of Baurin et al (2002) and Lee et al (1997) 

who did mass screening on a number of tropical plant species in samples with an inhibition 

percentage above 50% and were described to have high tyrosinase inhibition activity. There 

are a number of papers exploring the tyrosinase inhibition activity effects of fatty acids. Zeb 

(2006) have described that topical application of linolenic, linoleic and oleic acids have a 
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bleaching effect on guinea pig skin stimulated with UV light. The tyrosinase inhibition 

activity of H .rhamnoides and C. fistula may be contributed due to their unsaturated fatty 

acids as they contained unsaturated fatty acids (Baurin et al., 2002; Lee et al., 1997; Zeb, 

2006). 

4.2.3. Characterization of Creams

Creams show potential applications in paint, food, cosmetic and pharmaceutical industries. 

There has been improved attention in the creams as a vehicle for carrying drugs to the body 

as they increase the bioavailability of the drugs (Herbert et al., 1988). Oil-in-water creams are 

commonly used as water-washable drug bases and for general cosmetic purposes (Magdy, 

2004). Additional value can be given to these formulations by including active ingredients 

with specific cosmetic effects. Particularly advantageous cosmetic creams preparations are 

obtained when antioxidants are used as active ingredients (Bleckmann et al., 2006). The 

applications of topical creams need both their efficacy as well as nominal risk of skin 

irritation/skin sensitization. This is prejudiced by their formulation, nature of their use and 

quantity and quality of ingredients.  

Creams stability is an important factor governing the shelf life of products. Predominantly, 

creams are thermodynamically unstable systems. Stability in creams must be considered. The 

eminence of a formulation must satisfy the consumer’s need in terms of its out-put.  

4.2.3.1. Type of Creams 

In this study, O/W creams for facial use were formulated. Therefore, the water content in 

formula contains 50% by weight of the creams.  Generally, the type of cream is determined 

by the phase ratio of oil and water. In this study with 40.0% of oil and 60.0% of water (an 

o:w phase ratio of 2:3), was formulated and the cream was expected to be O/W  (Friberg, 

1988). Microscopic examinations exposed that all creams were O/W. When color amaranth 

was used; the cream background was pinkish with colorless globules. However with oil 

soluble color, Sudan red globules were reddish against a colorless background. Confirmation 
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of cream type was also carried out by the electrical conductivity test, where all creams 

conducted electricity and thus confirmed to be O/W as water is a good electrical conductor. 

4.2.3.2. Organoleptic/Physical Characteristics 

The freshly prepared base (F3) was white in color and the active formulations (F1and F2) 

were pale yellow in color. There was no change in color up to the observation period of 2 

months. This showed that the creams were stable at different storage conditions i.e. 80C, 

250C, 400C and 400C + 75% RH throughout 2 months study period. No change in the color 

may be attributed to different factors contributing the cream stability. As plant extracts 

contain anti-bacterial components which protect the creams components from microbial 

growth and thus might inhibit the production of such substances which are able to change the 

color of the formulation during the storage time.  In addition, since creams and other water 

containing dosage forms should be preserved from microbial contamination, a preservative 

mixture of methyl and propyl paraben was also used. 

After formulation of creams, time and temperature-dependent phenomenon occur to effect its 

separation leading to decline in viscosity which results in increased liquefaction (Herbert et 

al., 1988). No liquefaction was observed in any of the sample of base and active formulations 

of both plant extract stored at 80C and 250C during 2 months study period. However 

liquefaction was observed in the sample from 21st day to 60th day kept at 400C and 28th day to 

60 day kept at 400C + 75% RH. This is probably due to the effects of high temperature on 

Tween 80 if kept for long period of time, which polymerizes and can not trap free water and 

oil droplets firmly and within its interstices in the O/W creams. The other reason may be the 

effects of high temperature on the viscosity of creams as high temperature reduces viscosity 

thus leading to liquefaction (Carlo et al., 2001).  

Creaming occurs because of the differences in density of two phases under the influence of 

gravity which results in phase separation (Derrick, 2000). There was no phase separation 

observed in any of the samples kept at 80C, 250C, 400C and 400C+ 75% RH up to observation 
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period of 2 months with naked eye. It showed that all creams were stable at all storage 

conditions considering no phase separation as a parameter of stability.    

4.2.3.3. Centrifugation 

Centrifugation is an extremely helpful means for assessing and predicting the shelf life of 

creams (Herbert et al., 1988). 

In this study centrifugation test was performed for all the creams stored at different storage 

conditions up to a period of 2 months at definite time intervals. No phase separation on 

centrifugation was seen in any of the samples. It showed and confirmed the proper 

homogenization speed during creams formulation which prevented them from breakage 

during stress testing (Abdurrahman and Rosli, 2006). 

4.2.3.4. Electrical Conductivity 

The electrical conductivity test was carried out as a confirmatory test of cream type as well as 

a stability test. Conductivity differences occur when an emulsion creams and the oil 

proportion increases in the upper part of formulation and the water proportion increases in the 

lower part of formulation (James et al., 2000). According to Garti et al (1982) subjection of 

creams to conductivity test before and after stress will indicate their stability. The extent of 

the conductivity differential between the two interpretations will show the degree of 

instability (Garti et al., 1992). 

In this study, conductivity test was performed for all the samples of creams kept at different 

storage conditions up to a period of 2 months at definite time intervals. The conductivity of 

creams stored at 80C, 250C showed insignificant difference from zero hr to 2 months study 

period which indicated that the creams were stable as well as the two phases had suitable oil 

to water ratios which has been generally observed with stable creams whereas the 

conductivity of creams stored at 400C and 400C+ 75% RH showed decline which indicated 

instability and effects of temperature (Martin, 2007). This may be probably due the amount of 

hysteresis which occurred on high temperature and depends on the oily contents of the 
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creams and appeared to be related to changes in the microstructure of the liquid crystalline 

network. It is also hypothesized that high temperature of O/W (Tween based) makes the 

emulsifier more hydrophobic and the cream may invert to W/O (Salager et al., 2000).  

4.2.3.5. pH Tests 

The human has a pH range of 4.5 to 6.0 (Jennifer et al., 2003) and 5.5 is believed to be the 

average pH of the human skin. Therefore, the formulations proposed for application to human 

skin should have pH in this range.  

The reduction in pH of the formulations at different storage conditions with the passage of 

time might be due to the oxidation of paraffin oil which generates aldehydes and organic 

acids. The other reason may be because of the production of acidic species as the plant 

extracts were very acidic and have high concentration of organic acids such as quinic acid 

(Barkat et al., 2010; Raymond et al., 2003). 

4.2.4. Rheological Characteristics 

The flow characteristics of a cream are clearly among some of its more important physical 

features in either technical or aesthetic terms. Hence the ability to measure, adjust and, if 

possible, forecast such characteristics is very important. 

The shear stress causes strain in solids and liquids; the solid deforms and liquid flows. 

Rearrangement takes place inside the material due to stress application. In a purely viscous 

material, all the energy required to produce the deformation is dissipated as heat. On the 

contrary, in a purely elastic material, all the energy required to produce the deformation is 

stored. 

Dispersed phase affects the rheology of the cream by its globule size, volume concentration 

viscosity and chemical constituents (Naveed, 2000). Rheological analysis allows the 

characterization of creams, to follow changes in cream induced by aging, shear and 

temperature and to predict their stability. 
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Rheological parameters of formulated creams were performed at 25ºC. Changes in viscosity 

were noted when shear stresses were applied. Rheogram of shear stress versus shear rate were 

obtained for all the formulations. Viscosities were found to decrease in parallel to increase in 

shear stress. Viscosities were also found to decrease in formulations kept at different storage 

conditions especially at 40°C. It was observed from the different study that when temperature 

was increased, the flow of molecules through interface is also increased. The flow of 

molecule correlated with viscosities. The viscosity is very sensitive to the temperature hence; 

the increment in temperature caused reduction of cream viscosity (Lim et al., 2011). 

The Flow index values indicated that creams act as a non-newtonian fluid (Pseudoplastic 

fluid). The result were in agreement with saravacos, kostoropolous and Pal (1995) that 

creams show a marked non-newtonian behavior and most fruit and vegetable fluids and 

pastes are pseudoplastic, where the flow behavior index varies between 0 to 1 (Saravacos, 

1995 and Pal, 1992). The rheograms of all creams showed non-newtonian behavior, with 

flow index less than 1 which was an agreeable rheological property reflecting their 

pseudoplastic tendency. Creams with pseudoplastic flow properties cause the formation of a 

coherent film covering the skin surface. This characteristic is valuable and critical for a better 

phenolic antioxidant fortification of the skin surface. 

4.2.5. Skin Melanin Contents  

Hyperpigmentation is one of the most common skin disorders. An increase in melanin 

synthesis or an irregular distribution of melanin results in hyperpigmentation or spots, 

especially on face. Melasma is an example of pigmentation observed mainly in female, 

though in Asia it is commonly seen in male, as well. It is more common in South Asian 

countries due to skin type IV to V (darker complexion) and increased UV radiations. Treating 

melasma is challenging and the main treating agent is hydroquinone. The major problem with 

high concentration (above 4%) of hydroquinone is contact dermatitis. Though various other 
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treatment options are also available but all are very costly with delayed results (Shazia and 

Ghulam, 2009). 

Various types of whitening agents are used to treat hyperpigmentation. These agents include 

arbutin, hydroquinones, azelaic acid and kojic acid. Though these agents are effective but 

have side effects. A change is being observed recently to use plant extracts as skin whitening 

agents in different types of formulations (Parvez et al., 2006). 

It has been reported by several researchers that plants rich in alkaloids, flavonoids, 

unsaturated fatty acids (Linoleic acid, Oleic acid) and minerals have anti tyrosinase activity 

(Mukherjee et al., 2009; Ruksiriwanicha et al., 2011). Similarly catechins, including (+)-

gallocatechin, (-))-epicatechin, (-))-epigallocatechin (EGC), (-))-epicatechin gallate (ECG) 

and (-))-epigallocatechin gallate (EGCG) are studied for anti tyrosinase activity (Minakshi et 

al., 2010).  The good agreement between the results of in-vitro/in-vivo evaluations and those 

of visual surveys showed that the F1 and F2 possess efficacy in comparison to F3 in 

whitening the skin as well as melasma on the face of patients. The creams containing extracts 

of H. rhamnoides and C. fistula, which demonstrated a significant decrease in melanin, is 

assumed by inhibiting tyrosinase activity and is described for the first time to possess this 

biological property. 

The mechanism of tyrosinase inhibition by plant extracts may be in the agreement of the 

study conducted by Olaniye et al (2012) who described that, the defining characteristic of 

poly phenols and tannins is the ability to precipitate mainly proteins, and the structure of 

flavonoids is compatible with the roles of both substrates and inhibitors of tyrosinase. It could 

be suggested that tannin contents in H. rhamnoides and C. fistula could precipitate tyrosinase 

enzyme, thereby inhibiting enzymatic activity in the reaction medium (Olaniyi et al., 2012). 

Also, both plants H. rhamnoides and C. fistula are reported to contain catechins, gallic acid, 

flavonoids, quercetin, organic acids (Linoleic acid, Oleic acid). The reduction in skin melanin 

(anti melasma effects) can be credited to these constituents present in F1 and F2. 
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4.2.6. Skin Sebum Contents 

Acne severity has a connection with the amount of sebum produced. Increased desquamation 

of follicular keratinocytes and increased cohesiveness of the corneocytes is seen in follicles 

affected with acne. Increased sebum and desquamated epithelial cells results in follicular 

obstruction which causes the formation of a micro-comedone and leads to the lesion of acne. 

Increased sebum also provides a suitable environment for the propagation of P. acnes that 

settle in the sebum-rich follicles and utilize lipids of sebum as a nutrient source. Lipases 

released from P. acnes breaks sebum tri-glycerides into free fatty acids, which are an irritant 

to the follicular wall and the surrounding dermis after follicular rupture. P. acnes also release 

pro-inflammatory and chemotactic factors that contribute to the inflammatory response 

observed in acne (Cunliffe, 1980; Thiboutot, 1996). In this study it has been noted that the F3 

significantly increased the sebum contents throughout the study period of 12 weeks. The 

increase in sebum contents by F3 may be due to the oily nature of the formulation, as mineral 

oil (Paraffin oil) was used. In case of F1 and F2, a regular decline was observed in the sebum 

contents throughout the study period of 12 weeks.  

Type 1-α reductase converts testosterone into dihydrotestosterone which is more potent and 

results in the enlargement of sebaceous gland secreting high amount of sebum. It is thought 

that inhibiting 5α-Reductase (Type 1) may be effective in lowering the sebum level. Many 

botanical compounds are considered to inhibit 5α-reductase. These include essential fatty 

acids (γ-linolenic acid, α-linolenic acid, linoleic, and oleic acids) and phytosterols (Dobrev, 

2007; Barkat, 2010). Polyphenoles in H. rhamnoides and C. fistula include flavonols, 

catechins, proanthocyanidins and chlorogenic acids while the main fatty acids of H 

.rhamnoides and C. fistula are palmitoleic acid, palmitic acid, linoleic acid and oleic acid. 

Due to the presence of these constituents, the Formulations (F1 and F2) reduced sebum 

contents by possibly inhibiting type 1-α reductase (Rsch et al., 2003). 
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4.2.7. Stratum Corneum Water Contents 

Aging of the skin is a complex phenomenon that happens as a result of numerous factors. To 

stop aging, it is necessary to guard the skin from damage. Protection should be taken against 

environmental factors. The moisture of the skin should be restored by preventing the loss of 

moisture in the stratum corneum layer. The increase in the moisture of stratum corneum 

supplies a smoother and more even look. Moisturizers protect the skin against external effects 

by forming a thin film layer on the skin (Ozgen, 2009). 

A regular increase in skin moisture was found after application of the Hippophae rhamnoides 

containing creams (F1) throughout 12 weeks of study period. Sharma et al (2008) and Colven 

and Pinnell, (1996) reported that Vitamin C have the ability to stimulate dermal fibroblasts 

for the synthesis of collagen, as the collagen intensity is increased, the hydration level also 

enhanced (Colven and Pinnell, 1996; Sharma et al., 2008). As the vitamin C content of 

Hippophae rhmanoides varies from 28 to 2500 mg/ 100 g so F1 produced a significant 

increase in hydration level of the stratum corneum (Barkat et al., 2012). In case of increase in 

hydration level of the stratum corneum by F3 (placebo), the mineral oil (Paraffin oil) may be 

attributed as it is described in the literature that vehicles like mineral oils (paraffin oil) exhibit 

occlusive softening effect on the human skin by protecting water loss from stratum corneum 

(Ozgen, 2009).  

Mineral oils are primarily consisted of lipids, filling the spaces between cells of stratum 

corneum. Emollients form a film of lipid on skin surface which restores barrier function of 

the skin. Water holding capacity of the stratum corneum is enhanced by this film leading to 

reduced epidermal water loss (Sato et al., 2012). Unsaturated fatty acids present in Cassia 

fistula has a strong effects on water retaining property of stratum corneum which seems to be 

the reason of increasing stratum corneum water contents and improving skin surface 

parameters by F2. It has been described in the literature that plant botanicals exhibited the 
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DPPH radical scavenging activity have stimulation index on normal human fibroblast 

proliferation and suggested for the development of anti-aging products. 

4.2.8. SELS (Surface Evaluation of Living Skin) 

Skin surface is explained mainly by four different parameters like roughness (SEr), scaliness 

(SEsc), smoothness (SEsm) and wrinkling (SEw).  SELS are used to evaluate quantitatively 

and qualitatively the skin surface (Jae et al., 2013). A lower SEr value indicates more 

smoothness while a higher value indicates more roughness. SEsc evaluates stratum corneum 

hydration level, the smaller SEsc, the more is the hydration level with less scaliness. SEw is 

the marker of the number and width of skin wrinkles. A higher value indicates more wrinkles 

and wider wrinkles and vise versa (Korać and Khambholja, 2011). In this study all four 

parameters of SELS are improved by the application of F1 and F2. The F1 and F2 showed 

decrease in mean values of skin roughness (SEr) which indicated that the formulation possess 

anti aging properties. A decline in the values of the skin wrinkles (SEw) was observed for F1 

and F2. The formulations demonstrated decrease in mean values of skin wrinkles which show 

that the formulations reduced the fine wrinkles and improves the appearance of skin. The 

perfection in SELS parameters can be attributed to the polyphenolic flavonoids present in 

Cassia fistula and Hippophae rhamnoides which include quercetin, kaemferols and rhin. In 

addition, Cassia fistula and Hippophae rhamnoides contains catechins which are potent 

antioxidants and are responsible for anti-aging effects of the F1 and F2 (Tumova et al., 2006). 

Hippophae rhamnoides and Cassia fistula are known for medicinal benefits since ancient 

times especially for GIT ailments but has not yet been explored scientifically for topical 

applications.  In this study, it was tried to develop creams and use non-invasive probes for 

evaluating the improved various skin surface parameters of living skin. 

4.2.9. Trans Epidermal Water Loss (TEWL) 

The appearance of fine lines can be diminished through the application of moisturizers. 

Moisturizers protect the skin against external effects by forming a thin film layer on the skin 
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(Zoe, 2007; Deep, 2008). Plant botanicals have been used in preserving and enhancing human 

skin as plant botanicals have many useful properties, such as sunscreen, anti-aging, 

moisturizing, anti-oxidant and anti-cellulite property. Topical formulations developed for 

facial use, typically claim to encourage more even skin tone, improve skin texture, increase 

skin glow, decrease skin wrinkling, and provide anti-aging benefits. Plant botanicals are 

usually incorporated into moisturizing formulations designed to achieve the above mentioned 

claims (Waqas et al., 2010). Trans-epidermal water loss is the outward diffusion of water 

through the skin. An increase in TEWL indicates a damaged water barrier. TEWL analysis 

allows parametric assessment of the effect of barrier creams against irritants and description 

of skin functionality. The barrier functions restoration ability of F1 (Hippophae rhamnoides 

containing creams) may be attributed to its polyunsaturated fatty acid (linoleic acid) as it is 

described in the literature that oils containing linoleic acid are believed good for reducing 

TEWL and restoring skin barrier function. In case of reduction of TEWL by F3 (placebo), the 

Paraffin oil may be attributed as it is described that mineral oil (paraffin oil) reduces TEWL 

by as much as 30% (Barkat et al., 2012). 

The significant decline in TEWL by F2 can be attributed to the emollient nature of 

unsaturated fatty acids present in the extract of C. fistula. Unsaturated fatty acids of C. fistula 

are primarily linoleic acid and oliec acids, filling the spaces between cells of stratum 

corneum. Unsaturated fatty acids form a film of lipid on skin surface which restores barrier 

function of the skin. Water holding capacity of the stratum corneum is enhanced by this film 

leading to reduced epidermal water loss (Sato, 2012).  

4.2.10. Panel Test 

A questionnaire performa containing seven questions was circulated in a duplicate to each 

volunteer for sensory assessment of F1, F2 and F3. Average points were calculated from the 

points assigned by each volunteer for each question for all of the creams i.e. F1, F2 and F3. 
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From the average reply of volunteers it was concluded that F1, F2 and F3 were felt well on 

the skin, produced pleasant feeling on application to skin and no irritation on the skin, as 

these were assigned 0.00 point for irritation by all the volunteers. Shine on skin was more for 

F1 and F2. This was expected since F1 and F2 contained essential fatty acids. Similarly, the 

F1 and F2 led to more softness of the skin than F3. 

 It was found from paired sample t-test that there was an insignificant (p≤0.05) difference 

between the average points of sensitivity for F1, F2 and F3. It was concluded that there was 

no immense variation among F1, F2 and F3 regarding the sensory evaluation. All the creams 

have similar performance from the sensory point of view. 
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5.1. Conclusions 

It can be summarized from the studies that; 

 It is possible to formulate novel topical creams containing 5% hydro-alcoholic 

extracts of H. rhamnoides and C. fistula having good storage stability, when a 

combination of hydrophilic emulsifier (Tween 80) and hydrophobic emulsifier (Span 

20) were included in the cream formula.  

 The further studies such as irritability to skin, skin rejuvenation efficiency, and 

acceptance from the volunteers/consumers have evaluated the value of our prepared 

creams. None of the cream was found irritant to the skin. 

   The observed results lead us to conclude that the selected plants extracts have 

positive effects when applied topically to human skin especially in acne treatment and 

melasma reduction.  

 In-vivo characterization of the prepared creams produced some superior effects on 

other parameters of skin physiology i.e. skin hydration, TEWL and on skin surface 

parameters SELS (SEr, SEsc, SEsm and SEw).   

 At last, the findings provide scientific basis to promote value-adding of Hippophae 

rhamnoides and Cassia fistula for pharmaceutical and cosmetic purposes. 

5.2. Future Directions 

Though sufficient data has been presented in this research study regarding development of 

plant extract loaded topical creams with good shelf-storage stability, still some other work 

could be presented like: 

 Standardization of the crude extracts using sophisticated techniques of phytochemical 

analysis would help to draw a meaningful conclusion. However for cosmetic industry, 

isolation and purification of the active ingredient from the crude extract are 
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sometimes not desirable because such isolation and purification may lead to loss in 

the biological activity. 

 Formulation of creams with isolated constituents of the crude extract. 

 Some other type of dosage forms like micro-emulsion, multiple emulsion, gel, 

ointment and lotion may be formulated, while using these plant extracts. 

 Similar studies may be conducted on a larger population. 

 These formulations can be evaluated for other skin ailments like eczema, psoriasis 

and leshminiasis. 

 In-vitro and ex-vivo permeability study of the creams. 
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