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Abstract 

Cosmeceuticals are the products that process medicinal property and are used for 

skin beautification. Cosmeceuticals are gaining popularity in the natural skin care 

industry. This study was aimed to develop a topical drug delivery system in the form 

of multiple emulsion containing Smilax china and Sphaeranthus indicus extracts. 

Selected parts of the plants were collected and identified. Then extraction and 

fractionation was performed with suitable solvent. These extract and fractions were 

evaluated for the presence phenols and flavonoids by chemical method and then 

verified by HPLC analysis. Antioxidant and reducing assay along with mushroom 

tyrosinase inhibition was performed for each of the extract and fractions. Based on these 

results, the best suited extract/ fraction was used for the development of topical drug 

delivery system i.e. multiple emulsion. A series of formulations were prepared by using 

varying concentrations of the oil phase and the surfactant. In-vitro characterisation of 

the developed formulations was performed by evaluating these formulations for colour, 

odour, phase separation, rheology, microscopy, pH, electrical conductivity and 

centrifugation analysis. Sensory evaluation was performed for their acceptance to be 

used as cosmeceutical products. Based on these results, the formulations were subjected 

to non-invasive in-vivo studies to evaluate their potential skin effects. Biosafety 

profiling and skin patch test was performed to evaluate the safety of the formulations 

so that they can be applied on human skin. In-vivo investigation involved skin 

parameters like erythema, melanin, skin hydration, elasticity and sebum. Surface 

evaluation of living skin (SELS) was performed to evaluate skin small and large pores 

and for the presence of wrinkles and spots on skin. The results were evaluated using 

statistical techniques like ANOVA, paired sample t-test and LSD. It was concluded that 

stable multiple emulsions with Smilax china and Sphaeranthus indicus extracts were 

formulated. These formulation had significant beneficial skin effects on skin 

parameters that were checked, when compared to those effects after the application of 

placebo. 

Key Words:. Cosmeceuticals, Smilax china, Sphaeranthus indicus, Phenols, 

Flavonoids, HPLC, Antioxidant, Multiple emulsion, In-vitro, Non-invasive in-vivo, 

Erythema, Melanin, Skin hydration, Elasticity, Sebum,  Surface evaluation of living 

cells (SELS), Small and large pores, Wrinkles and Skin spots. 
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1. Introduction and Aims 

 1.1 Introduction: 

Herbs and their extracts have been used by human beings since time immemorial 

(Rates, 2001; Galani et al., 2010). Not only for different ailments but also for 

beautification purposes (Hafidh et al., 2009). Hence inventing the term of 

cosmeceutical that is a pharmaceutical product having medicinal capabilities also 

possessing cosmetic characteristics i.e. Enhancing the beauty and attractiveness 

(Mukherjee, 2002). Millions of people around the globe still use and prefer to use 

natural products for several ailments as well as for cosmetic purpose. A study also 

suggests that the use of herbs for this purpose is also due to the socioeconomic status 

of the rural areas of underdeveloped or developing countries as well (Namukobe et al., 

2011). Although, many chemicals have been synthesized, but they have side effects 

associated with their use. Use of natural products is also preferred because of no or 

lesser side effects (Zhou et al., 2010; Giday et al., 2009). There is a whole branch of 

science that deals with the use of plant derived products for medicinal purpose called 

Phytotherapy. Most medicinal plants contain active compounds, including phenols, 

flavonoids, alkaloids, steroids, tannins, terpenoids, glycoside etc. These chemical 

groups have been found efficient antioxidant, antibacterial, antifungal, neuro-

regenerative, anticancer and hepatoprotective agents (Arokiyaraj et al., 2012). 

A cosmeceutical product can be defined as a pharmaceutical preparation that 

possess medicinal properties and also used against skin degenerative conditions. Such 

products are likely to improve skin texture, tone and appearance by providing proper 

nutrients to the skin and reducing signs of skin aging (Ribeiro et al., 2015).  

In a research, it was estimated that more than $140 billion were spent in 2015 on 

anti-aging products worldwide and also forecasted to spend more than $216 billion by 

2021 (Ijaz et al., 2019). This research also suggests that the trend for natural products 

is more than that of synthetic products. Polyphenols are the most widely discussed 

substance in this regard and have pharmacological effects on skin, including 

antioxidant, anti-microbial, anti-carcinogenic and as photo preventive (Korkina et al., 

2012). Natural products are inexpensive and abundantly present, having none or little 

side effects, they are the product of choice for these types of pharmacological treatment 

(Amin et al., 2009). Such natural products have been researched and more than eight 
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thousand polyphenols, out of which, four thousand flavonoids have been discovered 

and identified (Cheynier, 2005). Botanical secrets for skin whitening and slowing the 

aging process have passed down through generations of herbal folklore (Khaiat, 2000). 

It has been found that dietary intake of polyphenols undergoes a series of metabolic 

reactions, and hence show poor bioavailability (Han et al., 2007). However, topical 

dosage form shows promising results due to localized and targeted delivery of active 

ingredient (Meenakshi, 2013). For the past few years, the use of non-invasive 

instruments for diagnosis and treatment of skin has increased because of non-

destructive sampling and reduced ethical concerns (Duffy et al., 2017). 

Human skin being the largest body organ is exposed to UV radiations as well 

as other environmental effects, for which topical formulations including emulsions, 

having appropriate skin absorption are used commonly (Marti-Mestres and Nielloud, 

2002). One of the major causes for skin aging is the oxidation process (Palmer and 

Kitchin, 2010). It is studied that low molecular weight antioxidants can protect skin 

against oxidation and these can be given orally as well in topical dosage form to be 

applied to the skin (Pinnell, 2003).  

An emulsion may be defined as “A fluid colloidal system containing liquid 

droplets or crystals that are dispersed within another immiscible liquid. Pharmaceutical 

emulsion are commonly classified on the basis of viscosity, ranging from low viscous 

lotions to ointments and creams that have high viscosity. Droplet size of the internal 

phase usually ranges from 0.1 to 100 µm (Sp Agarwal, 2008). A multiple emulsion 

usually delivers the drug in a slow and controlled manner and hence preferred over 

simple emulsions in the cosmetic and pharmaceutical industry. A W/O/W multiple 

emulsion system has a greater entrapment efficiency for hydrophilic compounds when 

compared to other topical systems. It’s also more protective for the API and also 

improves the performance of the API (Kaur et al., 2007; Bonnet et al., 2009). 

Smilax china is usually known as China root and Chob cheeni in Pakistan. Genus 

of Smilax contains about 300 to 350 species that are found in the tropics and subtropics 

worldwide. It has a bramble woody vine and tendrils for climbing. Roots and rhizomes 

are used in folk medicines as; antibacterial, anti-inflammatory, antifungal and for 

hepatoprotective activities (Mandal et al., 2008). Also used in diseases such as gout, 

rheumatism, epilepsy, chronic nervous diseases, , skin diseases syphilis, flatulence, 
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neuralgia, dyspepsia, colic, constipation, helminthiasis, psoriasis and seminal weakness 

(Vinutha et al., 2007; Li et al., 2007). S. china has been reported for potent inhibition 

of mushroom Tyrosinase enzyme (Liang et al., 2012). It is also used in traditional 

Chinese medicine as it has diuretic and detoxifying effects and its ability to dissipate 

stasis (Chemical Industry Press, 2005). 

Sphaeranthus indicus Linn (Asteraceae) is widely distributed on the continent of 

Australia and Asia. The herb S. indicus is strongly scented, it is branched and annual 

erect with tapering roots (Vikani et al., 2008). This plant has medicinal uses against 

several ailments. Dried and powdered leaves of S. indicus are used in the treatment of 

chronic skin disease, jaundice and urethral discharges (Saidapur, 1978). Plant extract is 

diuretic and styptic that is believed to be useful against liver and gastric disorders 

(Chadha, 1976). Roots and seeds are used as anthelmintic and also in stomachic (Said 

and Kenawy, 1956). This plant is also believed to be used for skin disorders as a blood 

purifier (Kirtikar and Basu, 1918). The extract is also reported to inhibit the activity of 

hyaluronidase. It also have antibacterial activity (Lichtenbelt et al., 1998). A study 

revealed the presence of flavonoids, carbohydrates, mucilage, alkaloids and gums bu 

phytochemical analysis (Kokate, 1986). Another study showed that this plant contains 

sesquiterpines (eudesmanolide) possessing antiinflammatory and immune-stimulating 

effects (Sadaf et al., 2006). 
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1.2 Aims of the Research: 

 This study followed main objectives; 

 Extraction, fractionation and characterization of Smilax china and 

Sphaeranthus indicus plants. 

 Quantification of total phenolic contents and total flavonoid contents. 

 Evaluation of extracts for their antioxidant activities by various methods. 

 Determination of mushroom tyrosinase enzyme inhibition. 

 Identification and quantification of polyphenols in extracts by HPLC. 

 Formulation of a stable multiple emulsion for topical administration of plant 

extracts. 

 In-vitro evaluation of formulated multiple emulsion loaded with plant 

extracts for its stability interms of colour change, liquefaction of the 

formulation, phase separation, viscosity, microscopy, pH change, electrical 

conductivity increase and centrifugation analysis. 

 Biosafety study on rabbits before human interaction with the formulation. 

 Sensory evaluation by using a panel test for the stable formulation. 

 Conduction of a non-invasive, in-vivo evaluation of the formulated multiple 

emulsion on human skin and observing different skin parameters for a period 

of three months. 

 Statistical evaluation of the results obtained by the application of multiple 

emulsions with the extract and placebo. 
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2. Literature Review 

 2.1 Smilax china 

Smilax china Linn (Smilacaceae) is commonly known as Chob cheeni in Urdu, 

also called Bilri locally in Pakistan and in Chinese termed as Ba Qia or Jin Gang Teng 

(Shao et al., 2007; Jeong et al., 2013; Bhati et al., 2011). Genus of smilax is contains 

about 300 to 350 species, found in the tropics and subtropics worldwide, especially in 

East Asia and North America (Jeong et al., 2013). 

S. China is used as diuretic, detoxificant and for dissipating stasis in traditional 

Chinese medicine (Shao et al., 2007). S. china is also used in diseases as mentioned 

earlier (Vinutha et al., 2007). S. china also inhibits mushroom tyrosinase enzyme 

(Liang et al., 2012). A study also shows its anti-inflammatory and neuroprotective 

effects (Ban et al., 2006). 

S. china has been reported to contain fats, sugars, glycosides, colouring matter, 

saponins, gums, tannins, cinchonins, smilacin and starch (Bhati et al., 2011). A study 

suggests that antioxidant properties of S. china roots can be helpful against the oxidative 

damage to human body {Jeong, 2013 #479. Major constituents of S. china include 

phenols, flavonoids, stilbenes and steroidal saponins (Feng et al., 2003). An HPLC 

investigation shows the presence of stilbenes and flavonoids (Shao et al., 2007).  

Table 2.1: Classification (Taxonomic) of Smilax China 

Kingdom Plantae 

Subkingdom Viridiplantae 

Phyllum Tracheophyta 

Subphyllum Spermatophytina 

Class Magnoliopsida 

Subclass Liliidae 

Superorder Lilianae 

Order Liliales 

Family Smilacaceae 

Genus Smilax 

Species china 
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2.2 Sphaeranthus indicus 

Sphaeranthus indicus Linn, family Asteraceae is generally known as 

Gorakhmundi in Hindi and Gul Mundi Booti and Kamdaryus in Urdu. It is a herb found 

mostly in southern India, Sri Lanka Australia and Africa. It usually grows in the rice 

fields and in the cultivated lands, also in unused lands. It is widely used in the Ayurvedic 

system for treating several ailments. All parts the plant are used in the preparation of a 

number of herbal products (Galani et al., 2010).  

The herb is much branched, has a strong scent and it annually erects branched 

tapering roots (Vikani et al., 2008). Its stem is cylindrical, leaves are sessile and dentate, 

greenish to brownish in colour. Heads of its flowers are purple and in form of clusters. 

Flowers are bisexual. Its fruit is oblong and has compressed achenes. The scent of the 

herb is slightly aromatic and short lived (Galani et al., 2010). 

A study relieves that it contains cardiac glycosides, alkaloids, phenols, 

flavonoids, steroids, saponins and tannins (Doss, 2009). Carbohydrates, sesquiterpenes 

and essential oils are reported to be extracted and isolated (Yadava and Kumar, 1998; 

Mishra et al., 2007; Lodha, 2003). In another study S. indicus also showed the presence 

of flavonoids, carbohydrates, proteins, tannins, saponins, glycosides, essential oils, and 

alkaloids (Galani and Patel, 2010). 

 

Table 2.2: Taxonomic Classification of Sphaeranthus indicus 

Kingdom Plantae 

Subkingdom Viridaeplantae 

Phyllum Tracheophyta 

Subphyllum Euphyllophytina 

Class Angiosperms 

Subclass Asteridae 

Superorder Asteranae 

Order Asterales 

Family Asteraceae 

Genus Sphaeranthus 

Species indicus 
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2.3 Extraction 

 The extraction process can simply be defined as the separation process. The 

substances are separated from a matrix on the basis of their solubility in different 

solvents. On the basis of phases, it can be either solid phase extraction or liquid phase 

extraction. In this case, it was solid phase extraction as extraction was carried out from 

solid dried parts of plants and also followed the fractionation process that was liquid 

phase separation based on the law of partition co-efficient (Shah, 2009).  

 Active constituents are present in the crude drug and needs to be extracted for 

better understanding of their functions. These constituents can be separated by various 

methods of extraction and isolation (Shah, 2009). The process of extraction can also be 

defined as the process of isolation of soluble constituents from an insoluble residue, 

which may be liquid or solid, and this will depend upon the physical nature of the crude 

drug which is to be extracted. The extraction process is controlled by mass transfer. 

Mass transfer is defined as a unit operation in which there is the transfer of mass from 

a solid into the fluid accordance to its solubility (Shah, 2009). The mechanism involved 

is that when the crude drug is immersed in a solvent, the particles are initially 

surrounded by a thin layer/boundary of the solute, then the solvent starts penetration 

into the particles and forms solution of the constituent within the cell of the particles. 

Then this solution escapes out of the layers of the cell wall and boundary layer along 

with soluble content. The process continues until equilibrium is established and further 

movement of the solvent discontinues. There are also some factors that affect the 

process of mass transfer, i.e. Agitation and temperature. They affect the concentration 

gradient and result in efficient extraction. Size reduction also increases the area for 

solvent penetration. The method used for extraction also influences the overall 

efficiency of the extraction process (Shah, 2009). 

 Almost all of the small-scale extraction procedures follow maceration or 

percolation methods, or any modified form of these two methods (Shah, 2009). Other 

methods can also be used i.e. Soxhlet extraction, ultrasound-assisted extraction, 

supercritical fluid extraction, enzyme-assisted extraction, microwave-assisted 

extraction, pressurized and ionic fluid extraction (De Monte et al., 2014). 
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2.4 Emulsion 

 Emulsions are the most common skin care products used now a day. These 

include skin creams and lotions. According to IUPAC 1972,” An emulsion is a 

dispersion of one liquid in another one with which it is immiscible. The droplet size of 

emulsions usually exceeds the common limit for colloid size (Yaqoob Khan et al., 2006; 

Israelachvili, 1994). Emulsion can also be defined as a dispersed system which consists 

of small globules of dispersed phase of liquid i.e. internal or discontinuous phase, that 

are distributed into an immiscible vehicle i.e. dispersion medium or external/ 

continuous phase and this system is stabilized using one or more emulsifying agent, 

also termed as surfactants (Nielloud, 2000; Menaa, 2014; Epstein, 2009). Surfactants 

are used for the stability of emulsions as there are thermodynamically unstable systems 

(Matsumoto et al., 1976). 

An emulsion is denoted by the symbol O/W if the continuous phase aqueous in 

nature and by W/O if the continuous phase is oil in nature phase where the term oil and 

aqueous represents the less or more polar nature of the two immiscible phases 

respectively (Allouche et al., 2004; McNaught et al., 1997). Between these two, W/O 

emulsions are commonly used because these have emollient action, spreads easily and 

also hydrates the skin (Carter, 2008). 

2.5 Multiple emulsion 

Multiple emulsions can be defined as “a complex poly-dispersed systems 

containing both oil in water (O/W) and water in oil (W/O) emulsions simultaneously 

and these systems are stabilized using both types of surfactants i.e. lipophilic and 

hydrophilic” (Yaqoob Khan et al., 2006). These are also termed as liquid membrane 

systems as the internal phase or the globule itself contains another interphase or droplets 

which needs to pass through the globule into the outer phase and then out of the system 

(Sinha and Kumar, 2002). The ratio of the surfactants used is very crucial for 

formulating a stable multiple emulsion. Multiple emulsions are three phase vesicular 

systems in which small droplets of a liquid (internal phase with a diameter of about 

1μm) are entrapped within larger liquid globule (intermediate phase with a diameter of 

about 10μm) which are again entrapped in an external phase (Figure 2.1). In the 

preparation of multiple emulsion, a primary emulsion is prepared which is then mixed 

with the external phase containing the appropriate surfactant to prepare a multiple 
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emulsion. A multiple emulsion contains two types of emulsions at once i.e. O/W and 

W/O emulsions (Frasca et al., 2009).  

 

 

 

 

 

 

 

Figure 2.1: W/O/W multiple emulsion 

2.5.1 Types of multiple emulsion 

Multiple emulsions are classified into three groups. This classification is based 

on the number of internal globules or droplets present in the multiple emulsion globule. 

The first type of multiple emulsion contains only a single droplet of the internal phase 

termed as core-shell in the globule. The second type of multiple emulsion contains a 

number of droplets in its globule. In the third type of multiple emulsion, the globule 

contains a much larger number of internal phase droplets. These three types of multiple 

emulsions are further classified into two types of emulsions as W/O/W and O/W/O 

multiple emulsion depending upon the internal phase, the intermediate phase and 

external phase to be either aqueous or oil in nature (Pal, 2011). Out of the prior two, 

W/O/W multiple emulsion is commonly used and has a wider area of application and 

therefore widely studied. Also, this type of multiple emulsion possesses advantages 

having water as external phase and low viscosity making them convenient to use 

(Vasiljević et al., 2009; Sinha and Kumar, 2002; Yaqoob Khan et al., 2006). 

Advantages of multiple emulsion includes high entrapment efficiency of the API, more 

protective capability, improves the performance of active compound and both water 

and oil soluble active compounds can be administered simultaneously (Bonnet et al., 

2009).  
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2.5.2 Advantages of multiple emulsion 

Formulation of a multiple emulsion is a relatively complex process and it is also 

prone to physical degradation, yet possess certain advantages which makes them a 

suitable drug delivery system. The main and most prompt advantage of multiple 

emulsion is the slow and controlled release of the active entrapped ingredient, other 

advantages are following (Yaqoob Khan et al., 2006); 

1. It is remarkably biocompatible with a number of active constituents. 

2. It can be used for taste masking of bitter drugs. 

3. Both types of drugs, i.e. hydrophilic and hydrophobic can be entrapped 

separately as well as simultaneously.  

4. It can be used as targeted drug delivery system (TDDS). 

5. It has also been found to reduce the fluctuations of steady state concentration 

as compared to the conventional methods for drug delivery. 

6. Due to the above mentioned benefit, it also leads to an increase in the dosing 

interval. 

7. It is completely biodegradable and does not result in the production of any 

toxic products. 

8. It does not initiate any sort of immune response. 

9. It provides more and better protection to the entrapped substance. 

10. Multiple emulsions can be used in a number of drug delivery systems such as 

topical, oral, IV, IM etc. 

2.5.3 Formulation of multiple emulsion 

Emulsions are usually thermodynamically unstable systems and to stabilize them, 

emulsifiers are used i.e. surfactants, polymers and copolymers etc. These emulsifiers 

provide stability to the system, to maintain the structure for a relatively longer duration. 

While formulating a ME, surfactants are used that are of opposite nature. The lipophilic 

surfactant stabilizes W/O emulsions while the hydrophilic surfactant stabilize O/W 

emulsions (Matsumoto et al., 1976). There are four techniques that are used. 

2.5.3.1 Double emulsification technique or two steps emulsification  

Most commonly used method for the preparation of multiple emulsions. This 

method is efficient and has reproducibility. This method involves the re-emulsification 
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of primary emulsion in the external phase and by selecting and using an appropriate 

surfactant. As the process in already defined, it involves the formation of a stable 

primary emulsion which can be either O/W or W/O. This primary emulsion is then 

again emulsified into an external phase, formulating W/O/W or O/W/O multiple 

emulsion. Ratio of hydrophilic and hydrophobic surfactants influence the 

physicochemical characteristics of the multiple emulsion (Yaqoob Khan et al., 2006). 

Modifications have been made in this method involving two steps in each of the 

emulsification methods. The first step is pre-emulsification by sonication and then 

stirring is done leading the whole process into four steps. This technique provides a 

more stable multiple emulsion with a higher yield (Okochi and Nakano, 2000). Factors 

such as temperature and pressure influences the size of droplets while formulating the 

multiple emulsion (Lindenstruth and Müller, 2004). 

2.5.3.2 Phase inversion or one step technique  

Development of the multiple emulsion was first reported as a result of phase 

inversion of a W/O emulsion (Koubaa et al., 2018). In this technique a multiple 

emulsion is passed through a polycarbonate membrane having 3-8 µm diameter pores, 

which results in the formation of a semisolid primary emulsion. This formulated 

primary emulsion is then again dispersed in the external phase resulting the formation 

of multiple emulsion which is more homogenous than the previous one and has smaller 

droplet size. The phase inversion method results in a variety of globule size with 

indefinite number of encapsulated compartments. This is the reason that this method in 

not commonly used (Yaqoob Khan et al., 2006). 

2.5.3.3 Glass membrane emulsification technique 

This technique is relatively new in which a glass membrane with defined pore 

size is used as an emulsifying tool. This involves the dispersing of the two immiscible 

phases by pressure in the presence of suitable emulsifying agents. The size of the 

globules is controlled by the glass membrane pore size (Okochi and Nakano, 2000). 

2.5.3.4 Microchannel emulsification 

A novel technique involving two steps for the formation of ME. After formulating 

the primary emulsion, the microchannel emulsification is the second step. By this 
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method, the entrapment efficiency has been found up to 91% (Vladisavljevic, 2015; 

Yaqoob Khan et al., 2006) 

2.5.4 Formulation variables for multiple emulsion 

Main components required to formulate a multiple emulsion are; at least two 

emulsifiers one lipophilic and other hydrophilic, oil phase, aqueous phase and an 

electrolyte to maintain an optimum osmotic pressure (Geiger et al., 1998). A number 

of factors are there which affects the stability of a multiple emulsion. These include the 

method of preparation, nature of the entrapped substance, the amount and the type of 

the emulsifier used, the ratio of phase volumes, electrolyte, nature of the oil and aqueous 

phase and any other additional substance added (Yaqoob Khan et al., 2006).  

2.5.4.1 Emulsifier 

The emulsifier is selected on the basis of HLB (hydrophilic-lipophilic balance) 

value of the oil used. For W/O emulsion, an emulsifier with HLB values in the range 

of 3-8 is used. For an O/W emulsion, an emulsifier with HLB values of 6-16 are used. 

Generally the secondary emulsifier is less in concentration as compared to that of the 

primary emulsifier. At higher concentrations, the primary emulsifying agent 

incorporates into the secondary surfactant micelles which cause an instability in the 

system. That is why the use of correct emulsifier with optimized concentration is very 

necessary for stable multiple emulsion formulation (Safwat et al., 1994). Non-ionic 

surfactants are preferred in the preparation of pharmaceutical emulsions because they 

do not show any type of interaction with other ingredients, these have low toxicity and 

give more yield as compared to that of ionic surfactants (Okochi and Nakano, 2000). 

2.5.4.2 Nature of the oil phase 

Oils of various chemical types are used. These include; esters, volatile and fixed 

oils, hydrocarbons and terpenoid derivatives. The oil that is used can also be the active 

ingredient or it can act as the carrier for the active ingredient. The oil can also act as 

emulsifier itself, which may contain sufficient amount of fatty acids that can act as an 

emulsifier. The oil can also act a nutritional supplement or can have a cosmetic effect 

on skin if applied topically (Koubaa et al., 2018). Paraffinic oils are mostly preferred 

over others, in the formulation of emulsions and multiple emulsion. Paraffin oil used is 
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a mixture of aliphatic and cyclic hydrocarbons which is obtained from crude oil. 

Paraffin oil also has cosmetic benefits (Akhtar et al., 2010). 

The nature of the oil affects the stability of the formulation. It not only controls 

the rheology of the formulation, but affects the permeability of the active constituents 

through the oil membrane (Yaqoob Khan et al., 2006). 

2.5.4.3 Phase volume 

The volume of the primary emulsion does not significantly affect the stability of 

multiple emulsion. However the volume of the secondary external phase has a 

significant effect upon the stability of the multiple emulsion. It has been reported that 

the primary phase volume can be kept 70-90% for formulating a stable emulsion. It is 

very important to keep the phase ratio at optimum value, while formulating the multiple 

emulsion, the dispersed should be added very slowly to obtain a stable formulation 

(Yaqoob Khan et al., 2006). 

2.5.4.4 Agitation 

The speed of the agitation affects the stability of the ME. Higher speed can disrupt 

the droplets in the ME and can lead towards the instability of the system. Increasing the 

time of agitation will result in a more stable multiple emulsion. High agitation speed 

with shorter duration is used for the development of primary emulsion while the lower 

agitation speed with longer duration is used for the formulation of multiple emulsion 

(Yaqoob Khan et al., 2006). 

2.5.4.5 Temperature 

The temperature needs to be precisely controlled as it is a very critical parameter. 

The high temperature is kept for the formulation of primary emulsion i.e. upto 70 ºC, 

and lower temperatures are kept for the formulation of multiple emulsion i.e. upto 10 

ºC. For emulsions, temperature is critical not only during its manufacturing, but also 

during transportation and storage (Sinha and Kumar, 2002; Duffus, 2017). 

2.5.4.6 Rheology 

A number of factors influence the rheology of an emulsion which includes, the 

dispersion phase nature, phase ratio and also the globule size. Emulsions are classified 

from liquids to semisolids depending upon their viscosity. Each formulation has its own 
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ratio of different compounds used. For multiple emulsion having lower internal phase 

volume has higher consistency. That is why the thickness of O/W/O multiple emulsions 

is more than that of the W/O/W multiple emulsions. However, the consistency of 

W/O/W multiple emulsions can be improved by adding a thickening agent such as 

gums, polymers, clays etc. (Muguet et al., 2001; Ursica et al., 2005). Other thickening 

agents may include, carboxymethhyl cellulose, hydroxymethyl cellulose, 

hydroxypropyl cellulose, methyl cellulose, natural and synthetic gelling agents (Yuan 

et al., 2009). 

2.5.4.7 Nature of electrolyte 

When comparing a simple emulsion with multiple emulsion, the ME has a unique 

property. The internal water globule diffuses into the outer aqueous phase, while 

passing through the oil phase (Intermediate phase) because of the unbalanced osmotic 

pressure. The entrapped active substance in the internal aqueous phase can also escape 

out into the outer aqueous phase. And if the external aqueous phase diffuses into the 

internal aqueous phase, it can lead towards the bursting of the globule leading towards 

the instability of the system. So, the osmotic pressure of the internal aqueous phase is 

kept slightly greater and is done by the addition of electrolytes. Commonly used 

electrolytes in the formulation of multiple emulsions are Magnesium sulphate, Sodium 

chloride and Caffeine (Tirnaksiz and Kalsin, 2005). 

2.5.5 Mechanism involved for instability 

The mechanism involved in the instability of multiple emulsion is much more 

complex as compared to that of simple emulsion. Two phases merge into each other or 

coalescence can occur, leading towards the instability of the system. The long term 

stability of ME is usually considered for a period of at least 12 months. High yield of 

the internal phase with no phase alteration, separation during the first 8 months when 

kept at +7 ºC. These are the parameters of a high storage stability emulsion (Muschiolik 

et al., 2006). In a multiple emulsion, there are five possible mechanisms involved that 

lead towards its instability (Hino et al., 2000); 

1. Coalescence of the internal phase and/or intermediate phase, 

2. Destruction of the intermediate separating film which results in the loss of the 

internal globules, 
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3. Leakage of the active ingredient from the internal phase in the outer phase 

along with the phase itself, 

4. Phase separation, 

5. Shrinkage or swelling of the internal drops due to changes in osmotic 

pressure. 

A multiple emulsion can be stabilized or above mentioned affects can be avoided 

by the following techniques; 

1. Use of viscous oil to prevent the diffusion of the other two phases, 

2. Polymerization of the interfacial absorbed surfactant molecules, 

3. Gelation of the either phases (Sarkar et al., 2009). 

2.5.6 Stabilization of multiple emulsion 

The major disadvantage of multiple emulsion is its instability. A number of 

approaches have been used to overcome this issue (Hino et al., 2000). 

2.5.6.1 Formation of polymeric gel 

Gel formation of the internal or external phase or of the intermediate phase can 

be done. A stable multiple W/O/W emulsion has been reported by gelation of the 

internal or external phase. The mechanism involved is the enhancement of viscosity of 

either phase that will lead towards the stability of the formulation (Florence and 

Whitehill, 1982). For this purpose, a number of products have been used, including 

acrylamide, gelatin, natural and synthetic polymers and chemically modified cellulose 

(Muguet et al., 2001).  

2.5.6.2 Additives in the internal phase 

To increase the stability of W/O/W multiple emulsion, electrolytes are added. 

Electrolytes that are used includes acetic acid, ascorbic acid, sodium chloride, 

magnesium sulphate and sodium citrate. Similarly, adding stearylamine and oleic acid 

in the oil phase or adding lysozyme in the aqueous phase can also lead towards an 

increase in the stability of the ME. Glucose and sucrose can increase the stability of 

W/O/W emulsion by making the aqueous phase more viscous. Dextrose has also been 

found to increase the stability of MEs (Kawashima et al., 1992; Koubaa et al., 2018). 
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2.5.6.3 Emulsifier concentration 

Suitable surfactant with desired HLB value can be used for preparing a stable 

emulsion. The stability of a multiple emulsion very much depend upon the 

concentration of the primary and secondary emulsifier. Primary factors that must be 

considered for selection of surfactant to make a stable emulsion system are the type and 

concentration of surfactant. Mixtures of emulsifiers like spans and tween have also been 

used to formulate a stable multiple emulsion. Mixed emulsifier provides higher film 

strength (Opawale and Burgess, 1998). The ratio of the hydrophilic and hydrophobic 

surfactant also plays a vital role in optimizing a multiple emulsion (Jiao and Burgess, 

2003). 

2.5.7 Applications of multiple emulsion 

The applications of multiple emulsion can be summarized as; 

1. Prolonged/ controlled drug delivery (Khan, 2004), 

2. Oxygen substitute (Zheng et al., 1991), 

3. Bioavailability enhancer (Yaqoob Khan et al., 2006), 

4. Targeted drug delivery system (Yaqoob Khan et al., 2006), 

5. Taste masking (Vaziri and Warburton, 1994), 

6. Enzyme immobilization (Iso et al., 1989), 

7. Detoxification of drug overdose (Völkel et al., 1984), 

8. Microsphere/ microcapsule preparation (Adachi et al., 2003). 

2.5.8 Application of multiple emulsion in topical and cosmetic preparations 

A number of topical preparations for multiple emulsions have been formulated 

and reported. As the ME release their contents slower as compared to that of solutions 

(Kundu, 1990). Multiple emulsions are also very useful in cosmetic industry. Several 

formulations have been prepared as multiple emulsions i.e. sun screen, shaving cream, 

hand cream, perfumes etc. These are also used for nutritive, protective, moisturizing 

and beautification purposes. Stable ME for long term have been proposed to be used in 

the cosmetic application (Chen et al., 1999; Luca, 2000; Grossiord and Seiller, 2000). 
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2.6 Gelling agent 

A gelled structure is established when a gelling agent is added into the 

formulation. It has been established that the addition of a gelling agent can increase the 

stability of the multiple emulsion. Viscosity of the system is enhanced (Singla et al., 

2012). The phenomenon of gel formation is the production of a three dimensional 

network entrapping the aqueous molecules. This network formation is a result of 

various inter and intra-molecular interactions of polymeric substances. A number of 

polymeric substances possess gel forming characteristics and are broadly classified as 

natural, semi-synthetic and synthetic. 

Natural gelling agents include gum arabica, tragacanth, xanthan, guar, lecithin, 

locust bean, alginic acid and starch (Goswami and Naik, 2014). 

Synthetic gelling agents include Carbopol®, Poloxamers and carbophils. 

2.6.1 Carbopols® 

These are acrylic derived polymers that are cross linked with polyalkylene ethers. 

Carbopols are hydrophilic and acidic in nature. They form a neutral aqueous, highly 

viscous and non-toxic preparation. (Fresno et al., 2002). Carbopols can absorb upto 10 

times more water of their size and thousand times of their volume. These form a gel at 

a pH of 4 to 6. (Abdullah et al., 2013). Carpools are available in different grades and 

each grade represents a specific application of the gelling agent. Most commonly used 

gelling agents in the pharmaceutical and cosmetic industries are Carbopol 930, 934, 

940, 947, 974 and 1342 grades (Kelessidis et al., 2011). 

2.7 The Skin 

Skin is the outermost tissue, exposed to the environment, of the body and it can 

be stated to be largest organ of the body, both in terms of its weight and skin surface 

area, having an average area of almost 16K cm2. This represents about 8% of the total 

body weight. Skin consists of numerous that make up several different layers, hence 

giving skin a multi-layered structure (Igarashi et al., 2007). 

Skin has a number of functions and these functions tend to vary accordingly to 

race, gender, age and individual (Igarashi et al., 2007). 
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2.7.1 Skin Morphology: 

Skin covers body from external surface (Susan, 2008). Human skin is a multi-

layered structure composed of fibers, cells and other components including capillaries, 

veins and nerves which form a vast network of skin structure. Through this structure, 

hair protrudes out which are scattered on the surface of the skin (Takanori et al., 2005). 

On this basis skin is classified into 2 types. Glabrous skin i.e. skin with no hair and the 

hair bearing skin (McGrath and Uitto, 2010; Kanitakis, 2002). 

 

 

 

 

 

 

 

 

Figure 2.2: The Organization of Skin section showing various components 

2.7.2 Skin Anatomy: 

The anatomy of the skin can be described at different levels as; 

2.7.2.1 Epidermis 

The epidermis is a compound tissue, composed of mainly continuously stratified 

squamous, self-renewing, epithelium that is keratinized. Main cells in this layer are 

keratinocytes. Non-keratinocytes include Langerhans cells, lymphocytes and 

melanocytes (Susan, 2008; Forslind et al., 1997).  

The epidermis is divided into five layers as, 1. basal layer i.e. stratum basale, 2. 

spinous or prickle cell layer i.e. stratum spinosum, 3. granular layer i.e. stratum 

granulosum, 4. clear layer i.e. stratum lucidum and 5. cornified layer i.e. stratum 

corneum (Odom, 2006).  
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Figure 2.3: Different layers of epidermis  

These are cell type in the epidermis which makes up about 90% of the total cells 

found in the epidermis (McGrath and Uitto, 2010) Keratinocytes that are found in the 

basal layer are sometimes termed as basal keratinocytes or simple basal cells (Odom, 

2006). 

 

 

 

 

 

 

 

Figure 2.4: Keratinocytes 

 

Melanocytes are the cells that forms the pigment called melanin. These are the 

cells, derived from the neural crest (Chu, 2008).  

 

 

 

 

 

 

Figure 2.5: Melanocytes 
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Langerhans cells are immature dendritic antigen-presenting cells that are 

distributed within the basal and prickle cell layers.  

 

 

 

 

 

Figure 2.6: Langerhans cells 

2.7.2.2 Dermis 

The dermis is irregular and moderately dense type of connective tissue. The 

dermis provides considerable strength to the skin because of the number and 

arrangement of collagen fibres and the elastic fibres which are present within. The 

density of the fibre meshwork, and the physical properties of the dermis, varies even 

within even a single area, also in the different parts of the body and is also effected by 

age and sex. The boundary between these two layers is indistinct (Susan, 2008).  

The dermis can be classified into two layers i.e. the papillary layer is immediately 

below the epidermis. 

2.7.2.3 Hypodermis 

The Hypodermis is also termed as the superficial fascia. It is mostly adipose in 

nature (Susan, 2008; Casey, 2002b). 

2.7.3 Skin Physiology:  

The skin is considered to be the largest and a vital organ in the human body and 

is the most visible body organ. It is usually thought that the skin is a total barrier and 

does not permit the penetration of external substances. But in reality, that is not the case 

and the skin is permeable to many substances, including many perfumes and dyes with 

which we come in frequent contact (Casey, 2002a). 

Including protection, the skin has a critical role in the temperature control of the 

body and blood pressure. It possess endocrine function and contains a vast number of 
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sensory receptors in it. The condition of the skin mostly reflects the underlying disease 

of the body. The understanding of the structure and physiology of the skin enable us to 

understand the cause of change in the texture, integrity and appearance of the skin. It is 

usually observed that the healthcare professionals are poorly educated in the field of 

management of skin related diseases (Gilbert, 2000). 

2.7.4 Skin appearance: 

Skin is the outermost organ. People aremuch aware of its sensitivity and its 

appearance. Skin appearance has always been an interesting subject in a number of 

fields of science and technology (Igarashi et al., 2007). Since the goals of these fields 

are different from each other and each of these fields have been focused upon the 

specific aspect of the skin appearance (Igarashi et al., 2007). 

2.7.5 Skin appendages: 

Skin appendages are structures associated to the skin. These appendages perform 

particular functions e.g. sensation, lubrication, contraction, hair loss etc. In human skin 

the common appendages include hairs, nails and glands. 

2.7.5.1 Hairs 

Hairs vary in their occurrence on the human body from 600 per cm2 on face and 

60 per cm2 on the body. Individual variations are also observed in the skin appearance 

and colour (Odom, 2006). The hairs have also been found to have a sensory function 

(Susan, 2008; Krause and Foitzik, 2006). Hair associated appendages on the skin are 

hair follicle, hair bulb and hair shaft. 

 

 

 

 

 

 

Figure 2.7: Structure of Hair (Hair Anatomy) 
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2.7.5.2 Nail apparatus 

These are homologous bodies with the layer of the epidermis that is cornified in 

nature. The nails consist of compact and anucleate squames cells. It is interesting to 

know that the nail is ten times more permeable to water as compared to skin. The degree 

of hydration of nails determines their softness and elasticity. The nail apparatus is 

mainly composed of nail plate, nail matrix, proximal and lateral nail folds, nail bed and 

hyponychium. The thickness of the plate increases from 0.7 mm to 1.6 mm (Susan, 

2008; Rossi et al., 2003). 

 

 

 

 

 

 

Figure 2.8: Nail Apparatus 

2.7.6 Skin glands: 

Human skin contains following glands; 

2.7.6.1 Sebaceous glands 

Sebaceous glands are small and saccular, lying in the dermis. These are also 

termed as the oil glands. These are termed as the pilosebaceous unit (Susan, 2008; 

Scanlon and Sanders, 2018). 

 

 

 

 

 

 

Figure 2.9: Sebaceous Gland 
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2.7.6.2 Apocrine glands 

Apocrine glands are comparatively larger glands. These are found in dermis or 

can also be said to be found in hypodermis. These are classed as a type of sweat gland 

(Susan, 2008; Scanlon and Sanders, 2018). 

 

 

 

 

 

 

Figure 2.10: Apocrine Gland 

2.7.6.3 Sweat glands 

Sweat glands are observed to be long, unbranched and tubular structures. Each of 

the sweat gland is up to 0.4 mm in diameter. Sweat glands have a very important 

thermoregulatory function in the body (Susan, 2008; Scanlon and Sanders, 2018). 

 

 

 

 

 

 

Figure 2.11: Sweat Gland 

2.7.7 Skin types 

There are many ways by which skin typing can be done. Skin typing on the basis 

of sun burn was introduced first time in 1975. Reaction of skin on long exposure to sun, 

skin turning brown, intensity of brownness, tan on exposure, face sensitivity to sun. 
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After which the skin of the individual is classified into one the types from Skin Type-I 

to Skin Type-VI (Fitzpatrick, 1988). 

2.8 Skin aging phenomenon 

Skin aging is a very complex and constantly increasing process that results in 

several functional and visual changes in the skin (Lawton, 2007). Recent developments 

and advancements have allowed to understand this complex process. Due to these 

advancements and developments, treatments are aimed not only to prevent skin aging, 

but also rejuvenating it (Rabe et al., 2006; Mackiewicz and Rimkevičius, 2008; 

Harman, 1955). 

The phenomenon of aging can be classified into following two types (Fisher et 

al., 2002); 

2.8.1 Intrinsic or Chronological skin aging 

This type of skin aged is thinner, more pigmented and its fold accentuation is 

lesser. The skin loses its elasticity. Major factors for this type of skin aging are time 

and Reactive Oxygen Species (Yaar and Gilchrest, 2003). A cell has a life cycle of 60 to 

70 times after which the cells are unable to proliferate (Glogau, 2003). This type of skin 

aging is unavoidable. The dermis and epidermis also separate from each other (Fisher et 

al., 2002; Gray, 2000). 

Factors that influence the intrinsic skin aging are following; 

2.8.1.1 Racial variations 

Intrinsic aging of the skin varies from society to society. African Americans skins 

are more resistant to skin aging as compared to that of Caucasians. The reason was 

found to be the higher lipid content in the prior skin cells. Higher pigmentation in the 

skin has also been found to reduce aging (Robinson, 1999). The Asians develop 

wrinkles on their skin at a very later stage of life (Südel et al., 2005). Skin aging results 

in the breakdown of proteins in the skin that decrease the levels of collagen and elastin, 

thus the skin becomes thin and loses its elasticity (Callaghan and Wilhelm, 2008). 
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2.8.1.2 Hormonal variation 

Hormonal changes also affect skin aging process, e.g. estrogen, growth hormone 

and testosterone play role in the synthesis of lipids in the dermal and epidermal layers 

of the skin (Farage et al., 2008). 

2.8.1.3 Anatomical site 

A marked deviation has been found for skin aging at different body parts. The 

differences are in the skin thickness, lipids, blood flow, hydration and rigidity of the 

skin that changes (Singh, 2009). 

2.8.2 Extrinsic or Photo-aging 

This type of aging is mostly due to the Sun light and other environmental factors. 

This type is also termed as premature skin aging. The chemical structure changes of 

elastin, collagen and also the skin proteins. Due to changes in the structure of skin 

proteins and disorganization of these proteins, the thickness of the skin increases, the 

skin becomes inelastic, pigmented and wrinkles appear on the skin (Gray, 2000; Suppa 

et al., 2011). This type of skin aging has been observed in the persons having a long 

time exposure to the sunlight (Fisher et al., 2002). 

Factors that cause extrinsic skin aging are greatly influenced by the lifestyle of 

that person. These factors are; 

2.8.2.1 Smoking 

Smoking affects the skin aging process in both genders (Leow and Maibach, 

1998). Oxygen and other nutrients are very essential for the skin. Blood flow towards 

the skin is essential to avoid any type of skin damage. A person who smokes affects the 

oxygen levels in the body and also the blood flow towards different organs of the body. 

Smokers have also been found to have lower. Nicotine can also cause the vasculature 

in the skin to constrict leading towards the formation of skin wrinkles (Castelo-Branco 

et al., 1998). 

2.8.2.2 Ultraviolet radiations  

Out of all the factors, UVR alone is 80% responsible for the extrinsic skin aging 

of the skin (Friedman, 2005). Melanin production in the skin is a response to UVR 
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exposure. Some individuals with genetic problem will start skin damage upon long 

UVR exposure (Rhodes et al., 1991). 

2.8.3 Aging theories 

Two generally accepted theories of aging are present (Yaar and Gilchrest, 2007); 

The first theory suggests that the aging is a predefined process in the genes. 

Telomere lengths, the terminal portions of chromosomes, supports this theory, the size 

of which decreases at every cell cycle. After Critical length, apoptosis starts and cell 

cycle stops (Campisi, 1996). 

The other theory suggests that aging is due to environmental damage (Yaar and 

Gilchrest, 2007; Yasui and Sakurai, 2003). Free radicals can be generated from oxygen 

during metabolism and likely contribute to damage the skin in this process (Harman, 

1955). The activity of antioxidant enzymes and the levels of non-enzymatic 

antioxidants decrease markedly with age (Hoppe et al., 1999; Yasui and Sakurai, 2003), 

allowing oxidative damage to occur on the skin (Rabe et al., 2006). 

2.8.4 Aging Effects on Physical Characteristics of Skin 

The process of aging affects the skin in a number of ways; 

 The thickness of the skin decreases (Fisher et al., 2002). 

 There is excavating of facial wrinkles and creases due to a decrease in the 

connective tissue level in the skin (Calleja-Agius et al., 2007). 

 The skin becomes fragile and there is impaired wound healing. 

2.9 Skin Functions 

Human skin performs following functions; 

 Prevention of dehydration. 

 Acts as barrier (anatomical) between the internal organs and the external 

environment. 

 Acts as a chemical barrier by secretion of certain substances which kill the 

micro-organism residing upon the skin and also by melanin synthesis that 

protects against the UV radiations. 

 Acts as a physical, mechanical and biological barrier. 

 Controls certain metabolic functions including Vitamin D synthesis. 
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 Acts as a thermo regulator by narrowing and expansion of blood vessels. Also 

by the secretion of sweat that ranges from 500 ml to 12 L per day (Yaar and 

Gilchrest, 2007). 

 Acts as a sensory organ towards the environmental changes. 

 Acts as a blood reservoir which holds up to 5% of the total blood volume of the 

body (Proksch et al., 2006). 

2.10 Skin aging prevention and treatment 

Both types of skin aging phenomenon are very serious problem and studies have 

been conducted for its prevention and treatment.  

2.10.1 Photo protection 

Unnecessary exposure to sunlight should be avoided. This can be done by a 

number of methods. Wearing of such clothes to reduce the sunlight exposure, use of a 

sunblock and sunscreen masks, etc. (Sambandan and Ratner, 2011). About 17 

compounds have been approved by FDA to be used against UVR (Wang and Lim, 

2011). 

2.10.2 Antioxidants 

Oxidation is a major factor responsible for the skin cell destruction leading 

towards skin aging. These are the substances that prevents the process of oxidation. The 

use of antioxidant for skin repairing has been widely studied. A number of mechanisms 

are involved by which the antioxidants prevent the process of oxidation (Garcia et al., 

2006). 

2.10.3 Vitamins 

A number of vitamins are good antioxidants as well, such as Vitamin A, C, B3 

and E. These can penetrate into the skin and prevent the process of skin aging. The 

vitamins produce collagen and inhibit metalloproteinase (Bissett et al., 2004; Nusgens 

et al., 2001). Vitamin E provides photo protection to the skin and has anti-

inflammatory, epithelialization and skin hydration potential. Vitamin A can trigger 

collagen synthesis in the skin (Zhai et al., 2005; Kafi et al., 2007). 
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2.10.4 Polyphenols 

Polyphenols are very important components for skin anti-aging. Plants are a very 

rich source to obtain polyphenols. A number of studies suggests that the topical 

application of polyphenol rich plant extracts has remarkable effects on skin diseases 

and skin beautification (Del Rio et al., 2010). Thousands of phenols and flavonoids 

have been isolated from plants (Tsao, 2010). Polyphenols are usually yellow, purple or 

red in colour. Thus, when applied to the skin, prevent the absorption of harmful 

radiations. These act as natural sun blocking agents. When applied topically, 

polyphenols not only prevent the absorption of harmful radiations, but also act as 

natural antioxidants (Nichols and Katiyar, 2010; Zillich et al., 2015). 
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Figure 2.12: Examples of some common plant derived polyphenols 

2.10.5 Minerals 

Zinc, copper and selenium are some common minerals that are used for skin 

aging prevention or treatment. These are involved in the synthesis of protein in the 
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matrix. Some of the minerals also possess antioxidant activity such as zinc (Mitchnick 

et al., 1999). Copper is also a good antioxidant and it is also involved in the synthesis 

of collagen in the skin and also melanin (Pickart et al., 2012). Selenium prevents the 

skin from oxidative stress (Rafferty et al., 1998) 

2.11 Non-invasive biophysical probes for dermatological testing 

A non-invasive procedure is the one in which there is no incision made or any 

type of blood loss. It involves only a minimized temporary functional or structural 

alteration to the body (Rogiers et al., 1999). 

2.11.1 Mexameter® 

Skin melanin and erythema indexes are 

measured using Mexameter®, which works on 

the principle of light emission and light 

absorption. Light emitted are of three 

wavelengths 568, 660 and 880 nm which is 

reflected or absorbed by the skin and quantified 

by the receiver. 568 nm wavelength is to measure 

erythema and 880 nm is for melanin, while 568 

nm is used for indexing of both erythema and 

melanin (Wan et al., 2017).        Figure 2.13: Mexameter® 

2.11.2 Corneometer® 

Corneometer® is used to measure skin 

hydration level. Its probe contains gold 

electrodes which are covered by a thin layer 

of insulation material having a low dielectric 

constant. The working mechanism involves 

the electric field penetration into the stratum 

corneum the hydration level of the skin is 

measured as dielectric constant dependent 

capacitance changes of water (Manosroi et 

al., 2011).         Figure 2.14: Corneometer® 
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2.11.3 Cutometer® 

Cutometer® is used for the 

measurement of skin elasticity. Its 

working principle is suction and 

stretching of skin. It allows quick and 

easy quantification of skin elastic 

properties. The result of this is displayed 

in the form of percentage (Ijaz et al., 

2019).  

Figure 2.15: Cutometer® 

2.11.4 Sebumeter® 

Quantitative measurement of skin sebum level is done by using Sebumeter®. Its 

working principle is grease spot 

photometry which is done by a plastic 

strip termed as Sebumeter tape. The 

tape becomes more transparent as it 

absorbs sebum from the skin. So the 

difference of transparency is measured 

and skin sebum level is evaluated (Ijaz 

et al., 2019). 

Figure 2.16: Sebumeter® 

2.11.5 VisioFace®  

This instrument is used for surface evaluation 

of living skin abbreviated as SELS. It contains a 

high resolution digital camera with 14 million 

pixels and the face is illuminated by white LEDs. 

Images are taken and investigated for total number 

of large and small pores, area of skin spots and 

wrinkles (Piérard et al., 2012). 

 

                Figure 2.17: VisioFace® 
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2.11.6 Corneometer® 

The Principle of this instrument is 

suction and elongation of the skin. The 

probe is placed and a negative pressure is 

applied on the skin, which sucks the skin 

into the probe for about 2 seconds, which is 

followed by a 2 second relaxation period 

(Tran et al., 2015). 

Figure 2.18: Corneometer® 
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3. Material and Methods 

3.1 Chemical 

A complete list of the chemicals that were used during this research are given in 

Table 3.1. All the chemicals used were of analytical grade. Chemicals that were used 

for HPLC were of HPLC grade. 

Table 3.1: List of Chemicals 

Sr.# Chemical Manufacturer 

1.  Methanol  Germany, Darmstadt, Merck 

2.  n-Hexane  Germany, Darmstadt, Merck 

3.  Benzene Germany, Darmstadt, Merck 

4.  Chloroform  Germany, Darmstadt, Merck 

5.  Ethyl Acetate Germany, Darmstadt, Merck 

6.  n-Butanol  Germany, Darmstadt, Merck 

7.  Formic acid (99%) Germany, Darmstadt, Merck 

8.  Liquid paraffin  Germany, Darmstadt, Merck 

9.  Abil-EM® 90 (cetyl PEG/PPG-10/1 

dimethicone) 

Franken chemicals, Germany 

10.  Brij® 58 (Polyethylene glycol 

hexadecyl ether) 

Germany, Darmstadt, Merck 

11.  Folin-Ciocalteu Reagent Germany, Darmstadt, Merck 

12.  Carbopol 934 USA, Sigma Aldrich  

13.  Aluminium Chloride USA, Sigma Aldrich  

14.  Sodium nitrate USA, Sigma Aldrich  

15.  Sodium Carbonate USA, Sigma Aldrich  

16.  Sodium hydroxide USA, Sigma Aldrich  

17.  DPPH  USA, Sigma Aldrich  

18.  L-tyrosine USA, Sigma Aldrich  

19.  Mushroom tyrosinase  USA, Sigma Aldrich  

20.  Arbutin USA, Sigma Aldrich  

21.  Kojic acid  USA, Sigma Aldrich  

22.  Ascorbic acid  USA, Sigma Aldrich  

23.  Gallic acid  USA, Sigma Aldrich  

24.  Catechin USA, Sigma Aldrich  
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25.  Chlorogenic acid USA, Sigma Aldrich  

26.  p-Hydroxy benzoic acid USA, Sigma Aldrich  

27.  Vanillic acid USA, Sigma Aldrich  

28.  Epicatechin USA, Sigma Aldrich  

29.  Syringic acid USA, Sigma Aldrich  

30.  3-Hydroxy benzoic acid USA, Sigma Aldrich  

31.  3-Hydroxy-4-Methoxy benzaldehyde USA, Sigma Aldrich  

32.  p-coumaric acid USA, Sigma Aldrich  

33.  Rutin USA, Sigma Aldrich  

34.  Sinapinic acid USA, Sigma Aldrich  

35.  t-ferulic acid USA, Sigma Aldrich  

36.  Naringin USA, Sigma Aldrich  

37.  3-dimethoxy benzoic acid USA, Sigma Aldrich  

38.  Benzoic acid USA, Sigma Aldrich  

39.  o-coumaric acid USA, Sigma Aldrich  

40.  Harpagoside USA, Sigma Aldrich  

41.  t-cinnamic acid USA, Sigma Aldrich  

42.  Naringenin USA, Sigma Aldrich  

43.  Carvacrol USA, Sigma Aldrich  

44.  ABTS USA, Sigma Aldrich  

45.  Sulphuric acid USA, Sigma Aldrich  

46.  Sodium phosphate USA, Sigma Aldrich  

47.  Ammonium molybdate USA, Sigma Aldrich  

48.  Trolox USA, Sigma Aldrich  

49.  Cupric chloride USA, Sigma Aldrich  

50.  Neocuproine USA, Sigma Aldrich  

51.  Ammonium acetate USA, Sigma Aldrich  

52.  TPTZ USA, Sigma Aldrich  

53.  Ferric Chloride USA, Sigma Aldrich  

54.  Ferrozine USA, Sigma Aldrich  
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3.2 Equipment 

The instruments and apparatus used in this research work were calibrated and 

validated before their use. The complete list is given in Table 3.2 

Table 3.2: List of instrument/apparatus with their manufacturer 

Sr.# Instrument/Apparatus Manufacturer 

1.  Rotary evaporator  Heidolph, GmbH & CO. Germany  

2.  HPLC-UV spectrophotometer (UV 

4000 ORI) 

Waters Breeze™ HPLC system 

Germany  

3.  LC system Agilent 1290 Infinity, U.S.A 

4.  Mass Spectrometer 
Agilent 6520 Accurate-Mass-Q-

TOF, U.S.A 

5.  LT-4500 96-well microplate reader LabTech,UK  

6.  Refrigerator  Dawlance, Pakistan  

7.  Homogenizer  Euro-Star, IKA D 230, Germany 

8.  Hot incubator ( MIR-162)  Sanyo, Japan  

9.  Digital Humidity Meter  TES Electronic Corp, Taiwan  

10.  pH meter WTW pH-197i, Germany  

11.  Microscope (Optical) Eclipse E200, Nikon, Japan  

12.  Electrical balance  Precisa BJ-210, Switzerland  

13.  Conductivity meter  Germany, WTW COND-197i 

14.  Mexameter®  
Courage +Khazaka Electronic 

GmbH, Germany  

15.  Elastometer® 
Courage +Khazaka Electronic 

GmbH, Germany 

16.  Corneometer®  
Courage +Khazaka Electronic 

GmbH, Germany  

17.  Sebumeter®  
Courage +Khazaka Electronic 

GmbH, Germany  

18.  Elastometer®  
Courage +Khazaka Electronic 

GmbH, Germany  

19.  VisioFace® 
Courage +Khazaka Electronic 

GmbH, Germany  

20.  Cutometer® 
Courage +Khazaka Electronic 

GmbH, Germany 
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3.3 Collection of plant material 

Shade dried, disease free roots of Smilax china (SC) and flowers of Sphaeranthus 

indicus (SI) were obtained from the herbal clinic at Bahawalpur, Punjab, Pakistan and 

identified by the Department of Life Sciences, The IUB, Bahawalpur via Voucher 

Number 66/LS-16/X/17 and 67/LS-16/X/17 respectively.  

3.4 Extraction and fractionation of Smilax china roots 

The roots were washed with cold water and placed for air drying. These were 

ground into powder and passed through a sieve of number 50. 500 g of the powdered 

root was soaked in methanol for 24 hours. Pressed and filtered through muslin cloth 

and Whatman FP # 42. This step was repeated 3 times. The filtered was placed in the 

rotary evaporator to evaporate methanol and the semisolid material, extract, was 

obtained and stored. Yield was calculated. The dried extract (25 g) was dispersed in 

deionized water and the suspension was portioned with n-hexane, benzene, chloroform, 

ethyl acetate and n-butanol consecutively as the increasing polarity of the solvents. 

Each of the solvent was repeated for three times. All the fractions were placed in the 

rotary evaporator, dried, weighed and stored properly for further use.  

3.5 Extraction and fractionation of Sphaeranthus indicus flowers 

The flowers were washed with cold water and placed for air drying. These were 

ground into powder and passed through a sieve of number 50. 500 g of the powdered 

root was soaked in methanol for 24 hours. Pressed and filtered through muslin cloth 

and Whatman FP # 42. This process was repeated 3 times. The filtered was placed in 

the rotary evaporator to evaporate methanol and the semisolid material, extract, was 

obtained and stored. Yield was calculated. The dried extract (25 g) was dispersed in 

deionized water and the suspension was portioned with n-hexane, benzene, chloroform, 

ethyl acetate and n-butanol consecutively as the increasing polarity of the solvents. 

Each of the solvent was repeated for three times. All the fractions were placed in the 

rotary evaporator, dried, weighed and stored properly for further use.  

3.6 Total phenolic content (TPC) 

TPC was measured using modified FCR (Folin-Ciocalteu’s reagent) method 

(Wolfe et al., 2003). A total volume of 200 µl was used in a single well of 96 micro-

well plate containing 10 µl of 10% FCR mixed with 100 µl of known concentration of 
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sample solution. Incubated for 10 minutes and then 90 µl of 15% sodium carbonate 

solution was added. This mixture was again incubated for 1.5 hrs at 37ºC. Absorbance 

was measured at 750 nm by using LT-4500 96-well microplate reader. Positive (gallic 

acid) and negative controls were used. TPC was calculated using the calibration curve 

(ranging from 0-100 µg of gallic acid). Data was expressed as milligram gallic acid 

equivalent per gram of extract (mg of GAE/g E). 

3.7 Total flavonoid content (TFC) 

TFC was measured using the modified calorimetric method (Wolfe et al., 2003). 

A total of 200 µl was used in which 100 µl of sample solution was mixed with 25 µl of 

1% sodium nitrate solution and allowed to stand for 5 min, 10 µl of 10% aluminum 

chloride was added and again 5 minutes reaction time was given. Then, 35 µl of 4% 

sodium hydroxide solution was added and the mixture was diluted with 30 µl of 

methanol. Absorbance was measured at 510 nm. Quercetin was used as positive control 

and to develop the calibration curve. 

3.8 Antioxidant activity 

Free radical scavenging activity was done by DPPH and ABTS assay. Reducing 

power assay was performed by FRAP and CUPRAC assay. 

3.8.1 Free radical scavenging activity by DPPH method 

DPPH method was used to determine the antioxidant activity (Shimada et al., 

1992). A total of 100 µl of mixture was prepared containing 90 µl of DPPH solution 

(0.3mM) and 10 µl of the sample solution, incubated for 30 min at room temp and in 

the dark. Absorbance was measured at 510 nm. Both positive (gallic acid and quercetin) 

and negative (blank) controls were used. Percentage inhibition was measured using the 

following equation; 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑛 (%) = (
𝐴𝑏𝑠. 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑏𝑠. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠. 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
) × 100 

IC50 values were calculated using EZ-Fit Enzyme Kinetics Software (Perrella 

Scientific Inc. Amherst, USA). The results were displayed as percentage inhibition as 

well as milligrams of trolox (water soluble vitamin E analogue) equivalent per gram of 

dry extract (mg of TE/g of extract), by plotting a straight curve using different 

concentrations of trolox. 
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3.8.2 ABTS radical cation scavenging activity 

This activity was performed by a modified method (Grochowski et al., 2017). 

ABTS+ radical cation was obtained as a result of reaction between ABTS solution (7 

mM) and potassium persulfate (2.45 mM) with 1:1. 50 µl of sample solution was added 

to 100 µl of ABTS solution prepared earlier, incubated for 30 min and then absorbance 

was measured as 734 nm. The results were expressed as mg of TE/g of extract. 

3.8.3 Cupric reducing antioxidant capacity (CUPRAC) assay 

A modified method was used (Pisoschi and Negulescu, 2011). 25 µl of the sample 

solution was mixed with 50 µl of cupric chloride (10 mM), 50 µl of neocuproine (7.5 

mM) and 50 µl of ammonium acetate buffer (1M with pH 7.0). Absorbance was 

measured after30 min at 450 nm. The results were expressed as mg of TE/g of extract. 

3.8.4 Ferric reducing antioxidant power (FRAP) assay 

A modified technique was used (Rajurkar and Hande, 2011). 5 µl of the sample 

solution was mixed with 100 µl of the FRAP reagent solution (ferric reducing 

antioxidant power (FRAP) reagent was prepared by mixing 300 mM acetate buffer (pH 

3.6), 10 ml TPTZ (2,4,6-tris(2-pyridyl)-s-triazine) in 40 mM HCl and 20 mM ferric 

chloride in the proportion of 10:1:1 at 37°). Absorbance was measured at 593 nm after 

waiting for 30 min. The results were expressed as mg of TE/g of extract. 

3.9 Mushroom Tyrosinase inhibition assay 

Modified technique was used (Liang et al., 2012). Briefly, 100 µl of 5 mM L-

tyrosine, 20 µl of 0.1 M phosphate buffer (pH 6.8) and 40 µl of test solution, sample 

solution or blank was added in a well. Then, 40 µl of mushroom tyrosinase enzyme 

(200 units/ml) solution in the same buffer was added in the well, incubated at 37 ºC for 

about 20 min. Absorbance was measured at 450 nm and enzyme inhibition was 

expressed as percentage and also, by drawing a straight curve using different 

concentrations of kojic acid, as kojic acid equivalents per gram of dry extract (mg of 

KAE/g of extract). 

3.10 HPLC analysis 

HPLC analyses was performed on a Waters liquid chromatograph equipped with 

a model 600 solvent pump.  A 2996 photodiode array detector and Empower software 
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v. 2 (Waters Spa, Milford, MA, USA) was used for acquisition of data. A C18 reversed-

phase packing column (Prodigy ODS(3), 4.6 × 150 mm, 5 μm; Phenomenex, Torrance, 

CA, USA) was used for the separation and the column temperature was set at 301°C 

using a Jetstream2 Plus column oven. The UV/Vis acquisition wavelength was set in 

the range of 200–500 nm. The quantitative analyses were achieved at maximum 

wavelength for each compounds. The injection volume was 20 μl. The mobile phase 

was directly on-line degassed by using Biotech DEGASi, mod. Compact (LabService, 

Anzola dell’Emilia, Italy). Gradient elution was performed using the mobile phase 

water-acetonitrile (93:7, v/v, 3% acetic acid) as reported in literature (Locatelli et al., 

2017; Di Sotto et al., 2018; Zengin et al., 2018). After centrifugation, the supernatant 

was injected into HPLC. 

The stock solutions of phenolics were made at a concentration of 1 mg/ml in a 

final volume of 10 ml of methanol. Working solutions of mixed standards at the 

concentrations of 10, 25, 50, 75, 100, 150 and 200 μg/ml were made by dilution of stock 

solution in volumetric flasks with the mobile phase. Then the standards were injected 

into the HPLC-UV/Vis system. Working solutions of mixed standards at the 

concentrations of 0.25, 0.5, 1, 2.5, 5, 10, and 20 μg/ml were made by dilution of stock 

solution in volumetric flasks with the mobile phase. Then the standards were injected 

into the HPLC-UV/Vis system. Each solid sample was weighted and solubilized in 

mobile phase in 1:1 (w:v) ratio. In this case, the obtained concentrations (μg/ml) 

correspond to the total amount (μg/mg). After solubilization, the samples were 

centrifuged at 12000 x g and filtered through a micro-filter before HPLC injection.  

3.11 UHP-LCMS analysis 

HP-LCMS was performed on Agilent 1290 infinity LC system coupled with 

Agilent 6520 Accurate-Mass Q-TOF mass spectrometer with dual ESI source. Agilent 

Zorbax Eclipse XBD-C18 column was used with a narrow-bore (2.1x150mm, 3.5 

micron). Temperature of the column was 25℃. Flow rate was 0.5ml/min. two solvents 

were used. Solvent-A, 0.1% formic acid in water and Solvent-B, 0.1% formic acid in 

acetonitrile. Injection volume was set to 1.0 µl. Total run time was set to 30 minutes 

with a post run time of 5 minutes and 25 minutes of run time. MS parameters are shown 

in Table 3.3.   
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Table 3.3: Mass Spectrometry parameters 

Mode Mass Spectrometry 

Ion Polarity Positive Negative 

Vcap 4000V 3500V 

Fragmentor voltage 125V 

Skimmer 65V 

OCT 1 RF Vpp 750 V 

Drying gas 10L/min 

Gas temperature 300℃ 

Nebulizer 45 psig 

Mass range (m/z) 
Min 100 100 

Max 3200 3200 

Reference ions used 
121.0508, 

922.0097 

119.03638, 

966.000725 

Acquisition rate (spectra/s) 1.03 

Acquisition time (ms/spectra) 973 

Transients/spectra 9632 

Data was analysed using Agilent mass hunter qualitative analysis B.05.00. Raw 

data was processed with Molecular feature extraction (MFE) using following settings; 

1. Extraction algorithm: small molecule (Chromatographic). 

2. Peak filters: use peaks with height ≥100 counts. 

3. Input data range: all. 

4. Compound filters: only look for compounds with absolute height ≥5000 

counts and relative height ≥2.5%. 

5. Ion species: all positive ions = H+, Na+, NH+. All negative ions = H-, Cl- 

6. Isotope grouping: peak spacing tolerance 0.0025 m/z plus 7.0 ppm, isotope 

model, common organic molecules. 

7. Limit assigned charge states to a maximum of 2. 

Compounds were identified using the search database with following parameters, 

1. Value to match: Mass, 

2. Match tolerance: 5 ppm, 
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3. Spectrum peak searches: Maximum peaks to search when peaks are nor 

specified graphically: 5. 

4. Positive ions H+, Na+, NH+, 

5. Negative ions H-, 

6. Charge state range: 1-2, 

7. Contribution to overall score: Mass score: 100, Isotope abundance score: 60, 

Isotope spacing score: 50, 

8. Expected  data variation: MS mass: 2mDa + 5.6ppm, MS isotope abundance: 

7.5%, 

9. Limit result to best 10 hits, 

10. Ion search mode: cation or anion entries. 

Compounds that were not present in the database, formulas were generated with 

following parameters; 

1. Allowed species are shown in Table 3.4; 

Table 3.4: Allowed Species 

Element Minimum Maximum 

C 3 60 

H 0 120 

O 0 30 

N 0 30 

S 0 5 

Cl 0 5 

F 0 6 

 

2. Maximum neutral mass for which formulas should be calculated: 750.00 

3. Limit on result: Minimum overall score of 35.00 

4. Isotope grouping: Peak spacing tolerance: 0.0025 m/z plus 7.0ppm, Isotope 

model: Common organic molecule. 

5. Limit assigned charge states to a maximum of 2 

6. Contribution to overall score: Max score: 100, Isotope abundance score: 60, 

Isotope spacing score:  

7. Expected data variation: MS mass: 2 mDa + 5.6ppm, MS isotope abundance: 

7.5%. 
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3.12 Formulation development 

The final formulation was W/O/W multiple emulsion stabilized using a gelling 

agent. As discussed earlier, the formulation of a multiple emulsion is a two-step 

process, development of primary emulsion and then the development of the multiple 

emulsion. Finally, a gelling agent is added to increase the stability of the multiple 

emulsion. 

3.12.1 Preparation of w/o emulsion 

Paraffin oil, Abil-EM® 90 (polysiloxane polyalkyl polyether copolymer) and 

distilled water were heated to 75±1 ºC. After heating, weighed amount of paraffin oil 

was placed in a glass beaker and Abil was added and mixed. Then, the extract (hydro-

alcoholic solution at 2mg/ml) was added and stirred by using homogenizer at 2000 rpm 

for the formulation along with some distilled water and for the placebo or blank, no 

extract was added. Reaming weight was completed using water with continuous mixing 

for about 15 min. Magnesium sulphate was added in the aqueous phase to act as a model 

for a very hydrophilic drug. It is also responsible for the flow of water from external 

aqueous phase into the internal aqueous phase of the multiple emulsion. The osmolarity 

of Mg+2 and SO4
-2 ions is determined to be 50 mOsmol/L and the osmotic pressure was 

1.2x105 Pa (Geiger et al., 1998). Speed was abridged to 1000 rpm for 5 min and 

eventually to 500 rpm until the emulsion reached room temperature. A number of 

formulations were prepared with varying concentrations of paraffin oil, water and Abil. 

All these formulations were kept at 50 ºC in an incubator and observed for any colour 

change, liquefaction and phase separation. The most stable formulation, described in 

Table 3.5, was used for the preparation of w/o/w multiple emulsion. 

Table 3.5: Composition of placebo and active formulation of W/O emulsion 

 Smilax china (%w/w) Sphaeranthus indicus (%w/w) 

Components Placebo  Active formulation Placebo  Active formulation 

Liquid paraffin 22 22 20 20 

Abil 4.2 4.2 4 4 

Magnesium 

Sulphate 
0.7 0.7 0.7 0.7 

Extract -- 4 -- 4 

Distilled Water qs qs qs qs 
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3.12.2 Preparation of w/o/w multiple emulsion with gelling agent 

Brij® 58 (polyethylene glycol hexadecyl ether) was used as surfactant and 

carbopol®-934 (cross-linked polyacrylic acid polymer) was used as the gelling agent for 

the development of multiple emulsion. Weighed amount of water was taken, brij and 

carbopol was added. Also, methyl paraben and propyl paraben were also added for anti-

fungal action. Amount of water, Brij and carbopol was 20% w/w of total emulsion. The 

speed of the homogenizer was kept at 700 rpm, simple emulsion was slowly added into it. 

Homogenization was continued for 30 min. The formation of multiple emulsion was 

confirmed by observing under a microscope. A series of formulations were prepared using 

different concentrations of Brij, while the concentration of simple emulsion was kept 

constant, i.e. 80% w/w. All the formulations were kept at 50 ºC in an incubator and 

observed for any colour change, liquefaction and phase separation. The most stable 

formulation was selected and by keeping the concentration of Brij constant, varying 

amounts of gelling agent were added and a series of formulations was prepared, again 

kept at 50 ºC in an incubator and observed for any colour change, liquefaction and phase 

separation. The most stable formulation, described in Table 3.6, was selected for 

further investigation. 

Table 3.6: Composition of placebo and active formulation of W/O/W emulsion 

 Smilax china (%w/w) Sphaeranthus indicus (%w/w) 

Components Placebo  Active formulation Placebo  Active formulation 

Distilled Water 16.76 16.76 16.36 16.36 

Brij 3.1 3.1 3.5 3.5 

Carbopol 934 0.1 0.1 0.1 0.1 

Methyl paraben 0.03 0.03 0.03 0.03 

Propyl paraben 0.01 0.01 0.01 0.01 

PE (P) 80 -- 80 -- 

PE (AF) -- 80 -- 80 

PE (P)= Primary emulsion Placebo, PE (F)= Primary emulsion Active formulation 
 

3.13 In-vitro evaluation of the developed formulations 

A total of 12 formulations were prepared as described in Table 3.7. Each of the 

formulation was studied for a period of 180 days (about 6 months), before the 

development of the next. The primary emulsions were evaluated for 180 days, followed 

by the evaluation of developed multiple emulsion and in the last, multiple emulsion 

with gelling agent was evaluated for 180 days. All the formulations were kept at four 



46 

 

different temperature and humidity conditions i.e. 8 ±1, 25 ±1, 40 ±1 ºC and 40 ±1 ºC 

with 75 ±1% relative humidity (RH) so that the shelf life of the product could be 

determined for its stability. During this time frame, the formulations were checked on 

a regular basis a pre-defined time interval i.e. freshly prepared and then samples were 

collected after 1, 7, 14, 28, 60, 90, 120, 150 and 180 days for analysis. A number of in-

vitro parameters were tested so that each of the formulation can proceed for further 

investigation and the last for in-vivo evaluation. 

Table 3.7: Codes assigned to the developed formulations 

Sr.# Code Formulation 

1.  A Primary Emulsion (Placebo) SC 

2.  B Primary Emulsion (Placebo) SI 

3.  C Primary Emulsion (Active formulation) SC 

4.  D Primary Emulsion (Active formulation) SI 

5.  E Multiple Emulsion (Placebo) SC 

6.  F Multiple Emulsion (Placebo) SI 

7.  G Multiple Emulsion (Active formulation) SC 

8.  H Multiple Emulsion (Active formulation) SI 

9.  I Multiple Emulsion with carbopol (Placebo) SC 

10.  J Multiple Emulsion with carbopol (Placebo) SI 

11.  K Multiple Emulsion with carbopol (Active formulation) SC 

12.  L Multiple Emulsion with carbopol (Active formulation) SI 

SC= Smilax china, SI= Sphaeranthus indicus 
 

Each of the prepared formulation in Table 3.7 was further divided into 4 portions 

to be kept at each of the temperature and humidity condition. These were coded as 1= 

8 ±1 ºC, 2= 25 ±1 ºC, 3= 40 ±1 ºC and 4= 40 ±1 ºC with 75 ±1% RH. So, the in-vitro 

evaluation was done for 48 formulations. 

3.13.1 Organoleptic evaluation 

A number of chemicals are present in the formulation i.e. water, paraffin oil, 

surfactants and the extract that contains a number of chemical compounds, any one of 

which can result in the colour change, odour change, phase separation or liquefaction 

of the formulation. Furthermore, the different storage conditions at which the 
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formulations were placed can also be responsible. Phase separation usually results due 

to the change in the densities of the oil and aqueous phase (Alobaidi et al., 2014). Phase 

separation can be sedimentation i.e. downward movement of the dispersed phase or it 

can be creaming i.e. the upward accumulation of the dispersed globules (Dickinson et 

al., 1997). These are organoleptic properties and can be identified by the naked eye. A 

stable formulation must show no or very slight colour change, odour change, phase 

separation or liquefaction throughout its shelf life. 

3.13.2 Rheological studies 

A Rheometer (DV-III Ultra Brookfield AMETEK, USA) was used for this 

purpose. Viscosity and the flow characteristics were measured for the formulations. The 

apparatus was attached to CP41 spindle and a temperature control system which was 

set at 25 ±1 ºC. A program was set in the rheometer to evaluate shear stress, shear rate, 

viscosity and then evaluation of the flow index by using power law. Spindle speed was 

adjusted to increase gradually from 10-50 rpm with an interval of 5 rpm in 10 seconds. 

Shear rate was also increased gradually from 10 to 100 with an interval of 10 at every 

10 seconds. The obtained data were analysed by using Rheocalc software (V 2.6).  

3.13.3 Droplet size and size distribution  

Droplet size, its size distribution and also the morphology were determined by 

using microscope (optical) camera (Eclipse E200-LED Nikon, Tokyo, Japan) attached 

with 100X oil immersion lens. A small amount of the formulation was placed on the 

glass slide, diluted with the external phase and then a glass cover was placed on the 

diluted formulation to prepare the slide. This slide was then observed under the 

microscope. Images were taken and analysed using Digimizer (V 4.3.1). Mean droplet 

size and size distribution are significant parameters that should be taken into account 

for the stability of an emulsion (Driscoll et al., 2008). Globule size change determines 

that the emulsion is stable or not throughout its shelf-life. Globule size and size 

distribution depend upon a number of factors, including, formulation design, selection 

of the oil phase, selection of surfactant, mechanical stirring and also on the container 

of the emulsion (Wei et al., 2013). 
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3.13.4 pH determination 

pH of the formulations was determined by using the pH meter (WTW pH-197I, 

Germany). The pH is the negative logarithm of the concentration of free hydrogen ions 

present in a solution where the neutral point is seven and maximum acidic is zero and 

maximum basic is 14 (Schmid-Wendtner and Korting, 2006). The acidic characteristic 

of skin surface was first reported in 1892 (Heuss, 1892). Human skin is acidic in nature, 

which is an important barrier for permeability and bacterial growth on skin surface 

(Schmid-Wendtner and Korting, 2006). Skin pH has been reported to be found between 

4.2 and 5.6 (Schmid-Wendtner and Korting, 2006; Blank, 1939). Other studies suggest 

that skin pH can also range from 5.9 to 6.5 as well (Braun-Falco and Korting, 1986). A 

formulation must be designed as such that its pH is between the ranges of the pH of 

skin so that it does not affect the normal pH of the skin and also absorption is increased 

as well (Muhammad et al., 2014).  

3.13.5 Electrical conductivity 

EC was measured by using a conductivity meter i.e. WTW COND-197I, 

Germany. Water as an external phase shows electrical conductivity if ions are present 

in the aqueous phase. In case of oil as external phase, no electrical conductivity is 

detected (Lim et al., 2011). So the conductivity test can also be used to define the type 

of emulsion (Muhammad et al., 2014). Deionized water is used as an aqueous phase, 

non-ionic surfactants are used. So, ideally there should be no electrical conductivity. 

However, 0.7% magnesium sulphate is used in the internal aqueous phase that shows 

high electrical conductivity due to the formation of ions. So this parameter will also 

confirm that the internal aqueous phase containing the extract is intact within the oil 

globule. Any change in the electrical conductivity will show that there is a release of 

the internal aqueous phase through the intermediate oil layer, into the external aqueous 

phase of the multiple emulsion or there might be creaming in the emulsion that results 

in the accumulation of the aqueous phase in the lower portion due to higher density, 

increasing the electrical conductivity. 

3.13.6 Centrifugation analysis 

Centrifugation involves the use of force i.e. centrifugal, to separate the substances 

on the basis of difference in their densities. Centrifugation was done with the centrifuge 
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machine (Hettich EBA 20, Germany) at 5000 RPM for 10 minutes. Stability and shelf 

life of formulation is determined using this test (Geiger et al., 1998). Ideally, no phase 

separation should be observed throughout the shelf life of an emulsion. The speed of 

the centrifugation should be adjusted so that no breakage of emulsion is observed during 

the process (Muhammad et al., 2014). 

3.14 Sensory Evaluation 

A slightly modified method was adopted to check the sensory attributes of the 

prepared multiple emulsion (Balboa et al., 2017). A panel of thirteen untrained male 

volunteers with age between 22-25 years and having no skin disorder were selected for 

this evaluation. The samples of the prepared multiple emulsions were provided to the 

volunteers to be applied on the inner side of their forearms. Volunteers were also 

provided with wet tissues to clean the skin surface. A questionnaire was provided to 

each of the volunteers having seven sensory attributes i.e. physical appearance, ease of 

application, spread ability, sense after application of the formulation on skin, skin 

irritation, gloss on skin and the sense of softness. Each volunteer was directed to rate 

these parameters from 0-10, with 0 meaning none. 

3.15 In-vitro sun protection factor 

SPF is defined as the ultra violet energy that is required to produce a minimal 

erythema dose (MED) on the protected skin which is divided by the ultra violet energy 

that is required to produce a MED on the skin that is unprotected. A modified method 

was used using a UV spectrophotometer to determine the SPF of the formulations 

(Dutra et al., 2004). 100 mg of sample was taken and dissolved in 1 ml of ethanol and 

sonicated for 5 minutes, filtered and 0.5 ml of the filtrate was diluted to 5 ml with 

ethanol. One ml of this dilution was third time diluted with ethanol to 5 ml. This was 

then placed in a 1 cm quartz cuvette and absorption was measured in a range of 290-

320 nm with an interval of 5 nm each. SPF was calculated using Mansur equation 

(MANSUR et al., 1986). 

SPF = CF ×  ∑ EE

320

290

 (λ)  × I(λ)  × abs(λ) 
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Higher the value of SPF shows that more effective the product is against sunburn.  

3.16 Non-invasive in-vivo analysis 

3.16.1 Biosafety study (Rabbit skin irritation test) 

Biosafety study for skin irritation was performed upon three rabbits (Borkow and 

Gabbay, 2004). Hairs from the dorsal area of the rabbit’s trunk were carefully removed 

to produce a 2x2 cm patch on both sides (one for placebo and the other for the 

formulation application). The placebo and formulation were applied to the skin and 

covered with non-occlusive gauze patch which was held to the rabbit by bandage 

wrapped around the rabbit’s trunk. This gauze was removed after 4 hours and observed 

for any sign of irritation, redness or blister formation. Afterwards, dermal reactions for 

oedema and erythema were monitored over 1, 24, 48 and 72 hours. 

3.16.2 Study design and ethical approval 

A single random blinded study design was developed for this purpose. 

Formulation with active ingredient (plant extract) and its placebo were applied on 

human skin and for 12 weeks and investigated for its effects. This study design was 

prior approved by the BASAR (Advance Studies and Research Board) of The Islamia 

University of Bahawalpur (No. 307/AS&RB) and also by the Institutional Ethical 

Review Committee of Faculty of Pharmacy and Alternative Medicines, The Islamia 

University of Bahawalpur (No. 40/S-2018/PREC). Furthermore, this study also lies 

within the guidelines provided by the Helsinki Declaration, International Ethical 

Guidelines for Biomedical Research that involves Human Subjects by The CIOMS 

(Council for International Organizations of Medical Sciences) (Sciences, 2002). The 

study was conducted in the cosmeceutical research laboratory at The Department of 

Pharmacy, The IUB, Bahawalpur. According to a selection criteria, 13 healthy, male 

volunteers were selected and written consent was taken from every one of them. A 

Dermatologist was designated to check the skin of selected volunteers for any type of 

skin disorders. The volunteers were counselled about the study and also for the dietary 

intake, to avoid the use of any multivitamin, antioxidants and skin products during the 

study period. Skin tests in the lab were performed in control conditions of temperature 

(25 ±1 ºC) and humidity (40% relative humidity). For this purpose, the volunteers were 

kept in this controlled environment for 15 min prior to skin examination. Right and left 
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cheeks were examined prior to the application of formulation. Two preparations were 

provided to each volunteer, one placebo and other active formulation to apply on left 

and right cheeks, twice every day for 12 weeks. Their skin was evaluated prior to 

application of the formulations and then on 2nd, 4th, 6th, 8th, 10th and 12th week. All the 

readings in the lab were taken in triplicates and their mean was calculated to avoid any 

type of error. 

3.16.3 Human skin irritation by patch test 

Selected volunteers were tested for any type of irritation by the placebo or the 

active formulation by patch test. An area of 4x4 cm was marked on both forearms of 

the volunteer. This area was checked by Mexameter® to establish a baseline for 

melanin and erythema. About 1 gram of the placebo was applied on the left forearm 

and same amount of active formulation was applied on the right forearm and was 

covered by non-allergic surgical dressing for 48 hours. After 48 hours, the readings 

were again taken by Mexameter and compared for any allergic or irritation effect.  

3.16.4 Assessment of skin erythema and melanin level 

Skin melanin and erythema indexes were measured using Mexameter®, which 

works on the principle of light emission and absorption. Light emitted are of three 

wavelengths 568, 660 and 880 nm which is reflected or absorbed by the skin and 

quantified by the receiver. 568 nm wavelength is to measure erythema and 880 nm is 

for melanin, while 568 nm is used for indexing of both erythema and melanin (Wan et 

al., 2017).  

3.16.5 Assessment of skin hydration level 

Corneometer® was used for this purpose. Its probe contains gold electrodes 

which are covered by a thin layer of insulation material having a low dielectric constant. 

The working mechanism involves the electric field penetration into the stratum 

corneum the hydration level of the skin is measured as dielectric constant dependent 

capacitance changes of water (Manosroi et al., 2011). 

3.16.6 Assessment of skin elasticity 

Elastometer® was used for this measurement. Its working principle is suction and 

stretching of skin. The result of this is displayed in the form of percentage (Ijaz et al., 

2019).  
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3.16.7 Assessment of skin sebum level 

Quantitative measurement of the skin sebum level was done by using 

Sebumeter®. Its working principle is grease spot photometry which is done by a plastic 

strip termed as Sebumeter tape. The tape becomes more transparent as it absorbs sebum 

from the skin. So the difference of transparency is measured and skin sebum level is 

evaluated (Ijaz et al., 2019). 

3.16.8 Surface evaluation of living skin 

VisioFace® was used for skin surface investigation. VisioFace contains a high 

resolution digital camera with 14 million pixels and the face is illuminated by white 

LEDs. Images are taken investigated for a number of large and small pores, area of skin 

spots and wrinkles (Piérard et al., 2012). 

3.16.9 Skin elasticity measurements using Cutometer® 

Cutometer® was also used for the assessment of skin elasticity. Principal is the 

same as that of Elastometer i.e. suction and elongation but procedure vary. A 2mm 

diameter probe is placed on the skin and a negative pressure of 350 mbar is applied that 

sucks the skin into the aperture for 2 seconds and then relaxed for 2 seconds so that the 

skin can gain its original position. The software of cutometer generates a graph giving 

the values of different parameters as shown in Table 3.8 (Bae et al., 2016; Dobrev, 

2002; Nedelec et al., 2016). 

Table 3.8: Parameters of Cutometer® 

Sr.# Parameter Measurement 

1.  Ue Skin extensibility 

2.  Uv Delayed distension 

3.  Uf Final deformation 

4.  Ur Immediate retraction 

5.  Ua  Total recovery 

 

Relative parameters, i.e. R2, R5, R6 and R7 are mainly focused in this study as 

these parameters are independent of skin thickness. R2 is calculated as Ua/Uf and 

measures the gross elasticity which quantifies the viscous portion of skin distortion. R5 

is Ur/Ue and is the net elasticity of the skin. R6 is Uv/Ue and represents the visco-
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elasticity of the skin. This is usually altered by water content in the human skin. The 

negative value of R6 represents a better skin condition. R6 is directly influenced by UV 

radiations. R7 is Ur/Uf and is the biological elasticity of the skin (Tran et al., 2015; 

Akhtar et al., 2011). Figure 3.1 shows the graph as the output of Cutometer readings, 

showing different parameters. 

 

 

Figure 3.1: Graph generated by Cutometer® which gives values in millimeter 

 

3.17 Mathematical and statistical analysis 

The percentage changes were calculated using the following equation; 

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒄𝒉𝒂𝒏𝒈𝒆 =  
𝑨 − 𝑩

𝑩
 × 𝟏𝟎𝟎 

Where A is the value at each interval, while B is the base line value. 

SPSS V 20.0 (Statistical package for social sciences) was used for data analysis. 

ANOVA (analysis of variance) was applied to evaluate variation among different time 

intervals. Then, paired sample t-test was used to evaluate any difference in the placebo 

and the active formulation. Post-hoc analysis by LSD (Least significant difference) was 

used to assess the smallest significant difference between two mean variations. 

Confidence interval was set at 5% i.e. P ≤ 0.05. 
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4.1 Extraction and fractionation 

Extraction yield for S. china was found to be 8.8% and for S. indicus was found 

to be 7.9% in methanol. 25 grams of each of the methanolic extracts were dispersed in 

distilled water and fractions were made. After drying, weight of each of the fraction is 

shown in Table 4.1 

Table 4.1: Weight in grams for each of the dried fraction 

Sr.# Fractions 
S. china S. indicus 

Weight (g) Weight (g) 

1.  n-Hexane 1.96 1.78 

2.  Benzene 0.94 1.61 

3.  Chloroform 1.30 1.05 

4.  Ethyl acetate 0.78 2.94 

5.  n-Butanol 1.99 1.74 

 

4.2 Total phenolic content 

Total phenolic content was found in all of the fractions and methanolic extract of 

S. china and S. indicus. TPC was calculated by using this equation i.e.  

y = 0.0043x+0.1919, having R2 0.9965, the value of which was obtained by using the 

standard regression line with different concentrations of gallic acid, as shown in Figure 

4.1 and the results of methanolic extract and all of the fractions are shown in Table 4.2. 

Table 4.2: Total phenolic content for extract and different fractions 

Sr.# Extract & fractions 
S. china S. indicus 

mg GAE/ g of extract mg GAE/ g of extract 

1.  Methanol 73.89 ± 0.32 94.07 ± 0.28 

2.  n-Hexane 55.95 ± 0.47 55.85 ± 0.25 

3.  Benzene 64.08 ± 0.38 55.97 ± 0.07 

4.  Chloroform 67.56 ± 0.35 73.36 ± 0.20 

5.  Ethyl acetate 101.81 ± 0.13 77.33 ± 0.25 

6.  n-Butanol 59.65 ± 1.16 28.27 ± 0.20 

GAE= Gallic acid equivalent, All values expressed are means ± S.D. of three 

parallel measurements. 
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Figure 4.1: Regression line using Gallic acid as standard to calculate TPC 

4.3 Total flavonoid content 

Total flavonoid content was found in all of the fractions and methanolic extract 

of S. china and S. indicus. TPC was calculated using this equation i.e.  

y = 0.0088x+0.1127, having R2 0.9964, which was obtained from the standard 

regression line using different concentrations of quercetin, as shown in Figure 4.2 and 

the results of methanolic extract and all of the fractions are shown in Table 4.3. 

Table 4.3: Total flavonoid content for extract and different fractions 

Sr.# Extract & fractions 
S. china S. indicus 

mg QE/ g of extract mg QE/ g of extract 

1.  Methanol 55.73 ± 0.86 78.70 ± 0.67 

2.  n-Hexane 41.71 ± 0.35 40.02 ± 0.35 

3.  Benzene 61.72 ± 0.16 51.79 ± 0.26 

4.  Chloroform 62.27 ± 0.12 57.71 ± 0.18 

5.  Ethyl acetate 96.80 ± 0.39 72.36 ± 0.59 

6.  n-Butanol 51.45 ± 0.19 37.22 ± 0.53 

QE= Quercetin equivalent, All values expressed are means ± S.D. of three parallel 

measurements 
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Figure 4.2: Regression line using Quercetin as standard to calculate TFC 

4.4 Antioxidant activity 

The antioxidant activity was performed by four methods. Results for each of the 

methods is as follows; 

4.4.1 Free radical scavenging activity by DPPH method 

Methanolic extract and the fractions showed good antioxidant activity. 

Antioxidant activity as a percentage and IC50 are shown in Table 4.4, while antioxidant 

activity as mg TE/g of extract are shown in Table 4.5 for S. china and S. indicus. 

Table 4.4: Antioxidant activity by DPPH method at a conc. of 1mg/ml 

Sr.# 
Extract & 

fractions 

(Standard) 

S. china S. indicus 

Percentage 

inhibition 
IC50 (µg) 

Percentage 

inhibition 
IC50 (µg) 

1.  Methanol 79.33 ± 0.15 185.03 ± 0.29 83.49 ± 0.24 118.87 ± 0.49 

2.  n-Hexane 48.98 ± 0.07 > 1000 46.21 ± 0.09 > 1000 

3.  Benzene 52.96 ± 0.58 628.99 ± 0.21 46.41 ± 0.19 > 1000 

4.  Chloroform 67.55 ± 0.26 233.69 ± 0.34 72.02 ± 0.21 358.68 ± 0.53 

5.  Ethyl acetate 82.51 ± 0.18 104.45 ± 0.18 80.90 ± 0.17 188.90 ± 0.78 

6.  n-Butanol 59.26 ± 0.13 458.12 ± 0.37 74.29 ± 0.24 246.18 ± 0.42 

 

1.  Gallic acid 84.00 ± 0.16 50.23 ± 0.68 

2.  Quercetin 83.14 ± 0.25 98.42 ± 1.01 

Gallic acid and Quercetin are used as standards, All values expressed are means ± S.D. 

of three parallel measurements 
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Table 4.5: Antioxidant activity by DPPH method, expressed as mg TE/g extract 

Sr.# Extract & fractions 
S. china S. indicus 

mg TE/ g of extract mg TE/ g of extract 

1.  Methanol 112.77 ± 0.48 235.66 ± 2.71 

2.  n-Hexane 34.87 ± 2.08 14.74 ± 3.62 

3.  Benzene 111.20 ± 2.04 30.94 ± 0.85 

4.  Chloroform 109.42 ± 1.95 132.62 ± 2.39 

5.  Ethyl acetate 245.94 ± 0.58 110.73 ± 3.65 

6.  n-Butanol 75.54 ± 0.88 123.49 ± 2.39 

TE= Trolox equivalent, All values expressed are means ± S.D. of three parallel 

measurements. 

 

4.4.2 ABTS radical cation scavenging activity 

Antioxidant activity of S. china and S. indicus plant extract and different fractions 

was also done using ABTS solution. Results are given in Table 4.6 as mg TE/g of 

extract.  

Table 4.6: Antioxidant activity by ABTS method 

Sr.# Extract & fractions 
S. china S. indicus 

mg TE/ g of extract mg TE/ g of extract 

1.  Methanol 34.15 ± 1.31 206.81 ± 4.41 

2.  n-Hexane 26.15 ± 1.23 na 

3.  Benzene 138.76 ± 3.48 na 

4.  Chloroform 235.99 ± 8.62 116.61 ± 3.44 

5.  Ethyl acetate 336.97 ± 13.97 69.90 ± 4.58 

6.  n-Butanol 66.25 ± 3.43 130.83 ± 4.54 

TE= Trolox equivalent, na= not active, All values expressed are means ± S.D. of 

three parallel measurements. 

 

4.4.3 Cupric reducing antioxidant capacity (CUPRAC) assay 

Results of S. china and S. indicus plant extracts and different fractions are shown 

in Table 4.7. Results were expressed as mg TE/g of extract. 
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Table 4.7: CUPRAC assay 

Sr.# Extract & fractions 
S. china S. indicus 

mg TE/ g of extract mg TE/ g of extract 

1.  Methanol 194.64 ± 2.50 458.2 ± 6.31 

2.  n-Hexane 160.45 ± 0.61 120.68 ± 6.77 

3.  Benzene 299.93 ± 4.68 115.33 ± 1.63 

4.  Chloroform 319.09 ± 1.52 253.72 ± 2.46 

5.  Ethyl acetate 503.31 ± 0.34 187.56 ± 0.16 

6.  n-Butanol 230.40 ± 5.37 185.25 ± 2.57 

TE= Trolox equivalent, All values expressed are means ± S.D. of three parallel 

measurements 

 

4.4.4 Ferric reducing antioxidant power (FRAP) assay 

Results of S. china and S. indicus plant extracts and different fractions are shown 

in Table 4.8. Results were expressed as mg TE/g of extract. 

Table 4.8: FRAP assay 

Sr.# Extract & fractions 
S. china S. indicus 

mg TE/ g of extract mg TE/ g of extract 

1.  Methanol 167.70 ± 1.88 241.28 ± 1.93 

2.  n-Hexane 97.70 ± 3.88 55.79 ± 0.04 

3.  Benzene 160.67 ± 4.31 71.98 ± 0.10 

4.  Chloroform 211.75 ± 0.06 125.89 ± 1.64 

5.  Ethyl acetate 365.14 ± 5.45 129.55 ± 5.29 

6.  n-Butanol 126.71 ± 4.48 137.27 ± 2.32 

TE= Trolox equivalent, All values expressed are means ± S.D. of three parallel 

measurements 

 

4.5 Mushroom Tyrosinase inhibition assay 

Mushroom tyrosinase inhibition activity was performed for S. china and S. 

indicus plant extracts and fractions. Results are expressed as percentage inhibition (at a 

concentration of 0.5 mg/ml) and mg KAE/ g of extract. Results are shown in Table 4.9. 
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Table 4.9: Mushroom Tyrosinase inhibition assay at a conc. of 0.5mg/ml 

Sr.# 
Extract & 

fractions 

(Standard) 

S. china S. indicus 

Percentage 

inhibition 

mg KAE/ g 

of extract 

Percentage 

inhibition 

mg KAE/ g 

of extract 

1.  Methanol 49.23 ± 0.28 67.45 ± 1.73 83.18 ± 2.16 99.99 ± 1.77 

2.  n-Hexane 63.17 ± 0.74 44.39 ± 5.32 51.37 ± 1.05 56.39 ± 4.31 

3.  Benzene 21.48 ± 0.29 79.52 ± 2.73 63.41 ± 3.17 72.70 ± 3.92 

4.  Chloroform 37.24 ± 0.47 90.34 ± 5.91 79.86 ± 1.23 91.88 ± 2.45 

5.  Ethyl acetate 81.30 ± 0.41 97.09 ± 2.38 86.13 ± 2.81 102.21 ± 3.14 

6.  n-Butanol 26.41 ± 0.17 56.78 ± 3.56 31.48 ± 1.01 52.59 ± 6.85 

 

3.  Kojic acid 87.24 ± 2.43  

4.  Arbutin 84.6 ± 1.90 

KAE= Kojic acid equivalent, Kojic acid and Arbutin are used as standards and at a 

concentration of 1 mM, All values expressed are means ± S.D. of three parallel 

measurements 

 

4.6 HPLC analysis 

HPLC analysis was performed to determine the presence of phenolic compounds 

in the extracts and fractions. Twenty standard phenolic compounds were analysed and 

against them the samples were checked for the presence of these phenolic compounds. 

Also, their quantification was done for the plant extract and its fractions, which is 

presented in Tables 4.10-4.11 for S. china and S. indicus respectively. 
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Figure 4.3: Chromatogram for Phenolic standards 

Chromatogram of the phenolic standards were obtained at a flow rate of 1 ml/min, 

injection volume 20 µl; 5 µg/ml each and at a wavelength 278 nm. 

Standards were eluted, in minutes, at 1. Gallic acid (4.363), 2. Catechin (11.719), 

3. Chlorogenic acid (12.584), 4. p-hydroxy benzoic acid (13.043), 5. Vanillic acid 

(15.596), 6. Epicatechin (16.252), 7. Syringic acid (16.603), 8. 3-hydroxy benzoic acid 

(20.299), 9. 3-hydroxy-4-methyloxybenzaldehyde (21.926), 10. p-coumaric acid 

(23.481), 11. Rutin (23.880), 12. Sinapinic acid (24.402), 13. t-ferulic acid (26.072), 

14. Naringin (28.343), 15. 2.3-dimethoxy-benzoic acid (28.579), 16. Benzoic acid 

(29.276), 17. o-coumaric acid (30.141), 18. Quercetin dehydrate (39.683), 19. t-

cinnamic acid (42.458) and 20. Naringenin (45.950). 
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4.6.1 HPLC analysis for S. china extract and its fractions 

Results are present in Table 4.10 for S. china extract and its fractions, while the 

chromatograms are shown in Figures 4.4 – 4.9. 

Table 4.10: Identification and quantification (μg/mg) of phenolics in S. china 

Sr.# Standards 

S. china extract and its fractions 

Methanol n-Hexane Benzene Chloroform 
Ethyl 

acetate 
n-Butanol 

1.  Gallic acid 0.20±0.02    13.26±1.24  

2.  Catechin   1.31±0.11    

3.  Vanillic acid    1.12±0.54   

4.  Epicatechin 0.66±0.07 0.23±0.02  6.80±1.21   

5.  Syringic acid      BLD 

6.  3-Hydroxy 

benzoic acid 
1.53±0.45     0.51±0.05 

7.  
3-Hdroxy-4-

methyloxy-

benzaldehyde 

BLD 0.20±0.02 2.88±1.09 3.75±1.11 1.42±0.65  

8.  p-Coumaric 

acid 
  0.76±0.08    

9.  Sinapinic acid   BLD    

10.  t-Ferulic acid 0.40±0.03      

11.  Naringin 0.65±0.05      

12.  2,3-dimethoxy 

benzoic acid 
  0.73±0.07    

13.  Quercetin   0.28±0.03    

Total (μg/mg) 3.45 0.43 5.98 11.68 14.68 0.51 

BLD= Below detection limit, out of 20 phenolic standard compounds tested 13 were present 

 

 

 

 

 

 

 

Figure 4.4: Chromatogram for S. china, methanol extract 
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Figure 4.5: Chromatogram for S. china, n-Hexane fraction 

 

 

 

 

 

 

 

Figure 4.6: Chromatogram for S. china, benzene fraction 

 

 

 

 

 

 

Figure 4.7: Chromatogram for S. china, chloroform fraction 
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Figure 4.8: Chromatogram for S. china, ethyl acetate fraction 

 

 

 

 

 

 

 

Figure 4.9: Chromatogram for S. china, n-Butanol fraction 
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4.6.2 HPLC analysis for S. indicus extract and its fractions 

Results are present in Table 4.11 for S. indicus extract and its fractions, while the 

chromatograms are shown in Figures 4.10 – 4.13. 

Table 4.11: Identification and quantification (μg/mg) of phenolics in S. indicus 

Sr.# Standards 

S. indicus extract and its fractions 

Methanol n-Hexane Benzene Chloroform 
Ethyl 

acetate 
n-Butanol 

1.  Gallic acid     0.35±0.04 1.61±0.11 

2.  Chlorogenic 

acid 
    2.58±0.99  

3.  Epicatechin BLD   0.99±0.88  1.43±0.53 

4.  3-Hydroxy-

benzoic acid 
0.54±0.04   1.65±0.87   

5.  
3-Hydroxy-4-

methyloxy-

benzaldehyde 

     0.21±0.02 

6.  Rutin 6.45±0.68      

7.  Sinapinic acid 0.36±0.04      

8.  t-Ferulic acid   BLD    

9.  Naringenin 3.82±1.02   0.66±0.07   

Total (μg/mg) 11.17   3.30 2.93 3.25 

BLD= Below detection limit, out of 20 phenolic standard compounds tested 09 were present 

 

 

 

 

 

 

 

 

 

Figure 4.10: Chromatogram for S. indicus, methanol extract 
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Figure 4.11: Chromatogram for S. indicus, chloroform fraction 

 

 

 

 

 

 

 

Figure 4.12: Chromatogram for S. indicus, chloroform fraction 

 

 

 

 

 

 

 

 

Figure 4.13: Chromatogram for S. indicus, n-Butanol fraction 
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4.7 UHP-LCMS analysis 

Ultra-high purity liquid chromatography mass spectrometry was performed for 

the extract and the most active fraction. LCMS was performed to identify the 

compounds that might be present in the plant extract and their fractions. 

4.7.1 UHP-LCMS analysis for S. china methanolic extract and its ethyl acetate 

fraction 

Results are shown in Table 4.12 for the methanolic extract and Table 4.13 shows 

the LCMS results for its ethyl acetate fraction. 

Table 4.12: Compounds identified in methanol extract of S. china 

Cpd Name Formula 
TR 

(min) 

Molar 

Mass 

Base 

Peak 

(m/z) 

Hits 

(DB) 

1 Theobromine C7 H8 N4 O2 0.623 180.065 179.0577 3 

2 
 

C22 H35 N5 O14 0.629 593.2176 592.2108 
 

3 Isobergaptene C12 H8 O4 0.635 216.0403 215.0351 6 

4 
 

C15 H20 N O8 0.636 342.1187 341.1112 
 

5 1-Methylxanthine C6 H6 N4 O2 0.638 166.0494 165.0421 5 

6   C19 H24 N8 O9 0.641 508.1672 507.16   

8 
 

C13 H10 O7 0.642 278.0431 277.0357 
 

7 
 

C9 H17 Cl N11 O2 S 0.642 378.0975 377.0902 
 

9 Dryopteric acid C17 H16 O8 0.643 348.0831 347.0776 4 

10 
 

C27 H43 Cl N O19 0.645 720.2123 719.2051 
 

11 3,5-Dihydroxyphenyl 1-O-(6-

O-galloyl-beta-D-

glucopyranoside) 

C19 H20 O12 0.649 440.0967 439.0894 1 

12 
 

C15 H27 Cl N11 O7 S 0.651 540.1502 539.1424 
 

13 
 

C19 H38 N4 O16 S 0.654 610.2004 609.1928 
 

14 Fructoselysine 6-phosphate C12 H25 N2 O10 P 0.656 388.124 387.1171 1 

15 Hypoxanthine C5 H4 N4 O 0.659 136.0386 135.0313 5 

16   C9 H6 N O4 0.669 192.0303 191.0228   

17 1-Methylhypoxanthine C6 H6 N4 O 0.67 150.0543 149.047 8 

18 Kinamycin D C22 H18 N2 O9 0.676 454.1029 453.0953 1 

19 Flunixin C14 H11 F3 N2 O2 0.685 296.0764 295.0691 2 

20 9,10,12,13-tetrachloro-

octadecanoic acid 

C18 H32 Cl4 O2 0.717 420.1166 419.11 1 

21   C15 H22 N6 O9 0.725 430.1456 429.1385   

22 
 

C5 H2 N4 O 0.729 134.0232 133.0159 
 

23 B181008 C12 H13 N5 O4 0.731 291.0969 290.0902 2 

24 
 

C9 H12 N4 O4 0.844 240.0857 239.0784 
 

25 Diallyl disulfide C6 H10 S2 0.865 146.0227 145.0154 3 

26 B181008 C12 H13 N5 O4 0.874 291.097 290.0905 2 

27 
 

C7 H4 N4 O3 0.904 192.0286 191.0212 
 

28 
 

C5 H7 N O3 0.91 129.0434 128.0364 
 

29 
 

C18 H21 N14 O5 0.93 513.1828 512.1759 
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30 3D-(3,5/4)-

Trihydroxycyclohexane-1,2-

dione 

C6 H8 O5 0.937 160.0382 159.0306 7 

31 9,10,12,13-tetrachloro-

octadecanoic acid 

C18 H32 Cl4 O2 0.948 420.1173 419.1099 1 

32 Captopril disulfide C20 H30 O6 S2 0.951 430.1465 429.139 1 

33 
 

C16 H23 N4 O11 0.951 447.1363 446.1289 
 

34 
 

C8 H6 N O2 1.048 148.0394 147.0319 
 

35 
 

C7 H4 N O 1.084 118.0303 117.0229 
 

36 Levoglucosan C6 H10 O5 1.163 162.0535 161.0462 10 

37 
 

C6 H2 N4 1.189 130.028 129.0206 
 

38 2-Propenyl propyl disulfide C6 H12 S2 1.192 148.0387 147.0313 3 

39 2,4,6-Trihydroxybenzoic acid C7 H6 O5 1.534 170.0217 169.0143 3 

40 
 

C10 H19 N O5 4.353 233.1262 232.1189 
 

41   C16 H28 N2 O8 7.653 376.1847 375.1776   

42 Asp Glu Trp C20 H24 N4 O8 7.728 448.1608 447.1526 6 

43 3,4,5-Trimethoxycinnamic 

acid 

C12 H14 O5 8.463 238.0831 237.076 4 

44 
 

C32 H58 N3 O9 8.883 628.4179 627.4109 
 

45 
 

C39 H70 N3 O9 9.199 724.5118 723.5049 
 

46   C38 H69 N4 O10 9.2 741.5022 740.4954   

47 
  

9.429 837.5959 836.5886 
 

48 
  

9.43 854.5859 853.5787 
 

49 Nonic Acid C9 H16 O4 9.509 188.105 187.0978 8 

50 
 

C35 H36 N4 O14 10.092 736.2231 735.216 
 

51     10.173 799.219 798.2118   

52 
 

C35 H36 N4 O14 10.194 736.2237 735.2167 
 

53 
 

C35 H36 N4 O14 10.337 736.2229 735.2157 
 

54 
  

10.342 799.2184 798.2111 
 

55 
 

C35 H36 N4 O14 10.456 736.2232 735.216 
 

57     10.564 778.2349 777.2277   

56 
  

10.564 841.2296 840.2223 
 

58 
  

10.689 778.234 777.2268 
 

59 
  

10.69 841.2293 840.2221 
 

60 
  

10.82 841.2289 840.2216 
 

61     10.821 778.2337 777.2266   

62 
  

11.033 778.2335 777.2262 
 

63 SB 431542 C22 H16 N4 O3 11.326 384.1218 383.1146 10 

64 5,8,12-trihydroxy-9-

octadecenoic acid 

C18 H34 O5 11.424 330.2417 329.2345 10 

65 SB 431542 C22 H16 N4 O3 11.445 384.1219 383.1146 10 

66 Mefenamic acid Metabolite 

(b-D-Glucopyranuronic acid, 

1-[2-[(3-carboxy-2-

methylphenyl)amino]benzoate 

C21 H21 N O10 11.448 447.1178 446.1106 1 

67 Mefenamic acid Metabolite 

(b-D-Glucopyranuronic acid, 

1-[2-[(3-carboxy-2-

methylphenyl)amino]benzoate 

C21 H21 N O10 11.613 447.1179 446.1106 1 

68 SB 431542 C22 H16 N4 O3 11.616 384.1221 383.1147 10 

69 
 

C19 H28 N4 O2 S 12.048 376.1936 375.1863 
 

70 
 

C14 H34 N10 O S 12.938 390.2634 389.256 
 

71   C18 H22 N4 13.124 294.1846 293.1774   
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72 
 

C17 H34 N4 O2 S2 13.7 390.2124 389.2053 
 

73 
 

C22 H35 N5 O7 S 13.834 513.2255 512.2181 
 

74 9,10-Epoxy-18-

hydroxystearate 

C18 H34 O4 13.939 314.247 313.2398 10 

75 
 

C35 H56 N4 O12 14.395 724.3902 723.3831 
 

76   C34 H55 N5 O13 14.396 741.3797 740.3724   

77 
 

C19 H28 N4 O2 S 14.582 376.1938 375.1864 
 

78 
 

C19 H29 N5 O5 S 14.585 439.1896 438.1822 
 

79 
 

C31 H46 N O8 14.909 560.3221 559.315 
 

80 
 

C35 H58 N O13 14.95 700.3907 699.3835 
 

81   C18 H32 O3 15.689 296.2359 295.2306   

82 
 

C18 H37 N21 S 15.792 579.3265 578.3201 
 

83 
 

C31 H48 N O8 15.793 562.3376 561.3306 
 

84 
 

C26 H46 N O13 15.961 580.2965 579.2892 
 

85 
 

C18 H30 O3 16.148 294.221 293.2138 
 

86   C20 H31 N5 O5 S 16.186 453.205 452.1976   

87 
 

C21 H32 N4 O4 S 16.187 436.2149 435.2077 
 

88 α-9(10)-EpODE C18 H30 O3 16.278 294.2207 293.2134 10 

89 α-9(10)-EpODE C18 H30 O3 16.46 294.2205 293.2132 10 

90 
 

C35 H43 N2 O4 16.584 555.3213 554.3195 
 

91   C27 H46 N4 O7 16.586 538.3374 537.33   

92 
 

C28 H46 N O8 S 16.91 556.2947 555.2876 
 

93 
 

C17 H42 N17 O5 16.966 564.3544 563.3475 
 

94 
 

C25 H38 N O3 18.086 400.2861 399.2789 
 

95 
 

C14 H32 N O4 18.308 278.2333 277.2261 
 

96   C17 H36 N8 O3 18.348 400.2907 399.2834   

97 Pro Lys Pro C16 H28 N4 O4 18.832 340.2094 339.2025 3 

98 
 

C18 H32 O2 19.221 280.2415 279.2358 
 

99 Asn Thr Phe C17 H24 N4 O6 19.227 380.1685 379.1617 10 

100 
 

C17 H39 Cl N4 S 19.262 366.2579 365.2507 
 

101   C25 H28 N5 S 19.268 430.2067 429.1995   

102 
 

C16 H32 O2 20.087 256.2433 255.2362 
 

103 
 

C21 H26 N O2 S 20.092 356.1692 355.1621 
 

104 
 

C15 H32 N5 20.217 282.2624 281.2551 
 

105 Akuammine C22 H26 N2 O4 20.222 382.1882 381.1815 5 

106     21.004 775.4548 774.4475   

 

Table 4.13: Compounds identified in ethyl acetate fraction of S. china 

Cpd Name Formula 
TR 

(min) 

Molar 

Mass 

Base 

Peak 

(m/z) 

Hits 

(DB) 

1   C6 H13 N O9 0.64 243.0593 242.0521   

2 Ethyl glucuronide C8 H14 O7 0.786 222.0744 221.0672 2 

3 Diallyl disulfide C6 H10 S2 0.824 146.0225 145.0151 3 

4 3D-(3,5/4)-

Trihydroxycyclohexane-1,2-

dione 

C6 H8 O5 0.913 160.0373 159.0298 7 

5 
 

C4 H3 O6 S3 0.99 242.9081 241.9009 
 

6 Melizame C7 H6 N4 O2 1.011 178.0486 177.0412 10 

7 
 

C3 H6 N2 O3 1.064 118.0368 117.0295 
 

8 
 

C7 H6 N4 O 1.141 162.0549 161.0476 
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9 Pyridoxamine-5'-Phosphate C8 H13 N2 O5 P 1.146 248.0554 247.0481 1 

10 
 

C6 H2 N4 1.168 130.0278 129.0205 
 

11 2-Propenyl propyl disulfide C6 H12 S2 1.169 148.0383 147.031 3 

12 
 

C4 H3 O6 S3 1.349 242.9067 241.8995 
 

13 2,4,6-Trihydroxybenzoic acid C7 H6 O5 1.518 170.0222 169.015 3 

14 
 

C7 H7 N O8 1.524 233.0175 232.0101 
 

15 Sulfachlorpyridazine C10 H9 Cl N4 O2 S 1.524 284.015 283.0075 1 

16   C3 H8 N3 O2 1.658 118.0618 117.0544   

17 Isovalerylglutamic acid C10 H17 N O5 2.086 231.1101 230.1031 3 

18 3-Hydroxy-3-methyl-2-oxo-

Butyric acid 

C5 H8 O4 2.192 132.0427 131.0355 10 

19 3,4-Dihydroxybenzoic acid C7 H6 O4 2.333 154.0266 153.0192 7 

20 N-Glycosyl-L-asparagine C10 H18 N2 O8 2.405 294.1052 293.0993 3 

21 Isovalerylglutamic acid C10 H17 N O5 2.408 231.1103 230.1039 3 

22 Hexahydro-2',4-

dimethylspiro[1,3-

dithiolo[4,5-c]furan-2,3'(2'H)-

furan] 

C10 H16 O2 S2 2.449 232.0599 231.0524 2 

23 
 

C10 H9 N5 O6 2.451 295.0553 294.048 
 

24 Pteridine C6 H4 N4 2.466 132.0432 131.0359 1 

25 3-propylmalic acid C7 H12 O5 2.821 176.0685 175.0612 8 

26 3,4-Dihydroxybenzoic acid C7 H6 O4 2.88 154.0267 153.0194 7 

27 
 

C7 H7 N O7 2.884 217.0221 216.0149 
 

28 3-propylmalic acid C7 H12 O5 3.454 176.0687 175.0614 8 

29 p-Salicylic acid C7 H6 O3 5.754 138.0323 137.025 9 

30 4-O-Methyl-gallate C8 H8 O5 6.505 184.0375 183.0302 4 

32   C8 H9 N O8 6.513 247.0332 246.0258   

31 1-Pyrenylsulfate C16 H10 O4 S 6.513 298.0306 297.0233 1 

33 Ethyl 3-hydroxybutyrate C6 H12 O3 7.208 132.0786 131.0714 10 

34 Digallate C14 H10 O9 7.376 322.0336 321.0257 1 

35 3-Hydroxybenzaldehyde C7 H6 O2 7.409 122.037 121.0298 6 

36 4-Hydroxyphenylpyruvic acid C9 H8 O4 7.602 180.0424 179.035 9 

37   C13 H11 N5 O5 7.806 317.0757 316.068   

38 
 

C12 H14 O6 7.81 254.0796 253.0724 
 

39 3,4,5-Trimethoxycinnamic 

acid 

C12 H14 O5 8.053 238.0835 237.0763 4 

40 
 

C13 H17 N8 O3 8.105 333.1425 332.1353 
 

41 Scopolin C16 H18 O9 9.007 354.0956 353.0883 9 

42 4-p-Coumaroylquinic acid C16 H18 O8 9.636 338.1012 337.0937 6 

43 Sucrose 1',4'-(4,4'-dihydroxy-

3,3'-dimethoxy-b-truxinate) 

C32 H38 O17 9.81 694.2128 693.2058 3 

44 
 

C35 H36 N4 O14 10.21 736.2226 735.2154 
 

45 
 

C35 H36 N4 O14 10.382 736.223 735.2159 
 

46 
  

10.389 799.2185 798.2113 
 

47 8-Hydroxygalangin 3-methyl 

ether 8-methylbutyrate 

C21 H20 O7 11.464 384.1212 383.1138 10 

48 8-Hydroxygalangin 3-methyl 

ether 8-methylbutyrate 

C21 H20 O7 11.641 384.1214 383.1141 10 

49 Trp Gly Phe C22 H24 N4 O4 11.722 408.1806 407.1728 8 

50 Lauryl hydrogen sulfate C12 H26 O4 S 15.687 266.1565 265.1492 1 

51 
 

C16 H26 O3 S 15.934 298.1617 297.1544 
 

52   C20 H26 N S 17.09 312.1777 311.1704   

53 
  

17.397 408.9368 407.9295 
 



71 

 

54 
  

17.415 391.9466 390.9393 
 

55 
  

17.475 345.94 344.9327 
 

56 
  

17.647 425.9075 424.9002 
 

57     17.689 379.9019 378.8947   

58 
 

C11 H5 Cl3 N O6 S2 17.871 415.8626 414.8545 
 

59 
  

17.886 476.8596 475.8523 
 

60 
 

C17 H28 N O S 17.935 294.1886 293.1813 
 

61 
 

C13 H4 N2 O9 S3 18 427.9058 426.8971 
 

62   C11 H Cl N2 O8 S3 18.13 419.8579 418.8501   

63 
  

18.271 470.9284 469.9211 
 

64 
 

C21 H28 N S 18.297 326.1942 325.187 
 

65 
 

C15 H6 Cl3 N3 O6 

S2 

18.382 492.8759 491.8677 
 

66 
 

C13 H11 Cl2 N2 O9 

S2 

18.548 472.9281 471.9206 
 

67   C11 H10 Cl N O12 

S4 

18.626 510.8777 509.8741   

68 
  

18.826 540.851 539.8438 
 

69 
 

C17 H N2 O16 S 18.839 520.9033 519.896 
 

70 Pro Lys Pro C16 H28 N4 O4 18.9 340.2103 339.2034 3 

71 
 

C13 H9 Cl2 O16 S 18.953 522.899 521.8932 
 

72   C26 H3 Cl2 N O S4 18.969 542.8484 541.8398   

73 
  

19.006 503.9143 502.9071 
 

74 
 

C21 H5 O9 S5 19.193 560.8542 559.8483 
 

75 Galalpha1-4Galbeta1-

4Glcbeta-Cer(d18:1/22:0) 

C58 H109 N O18 19.212 1107.7272 552.8744 4 

76 
  

19.247 540.855 539.8477 
 

77     19.378 588.8289 587.8216   

78 
  

19.414 135.9053 134.898 
 

79 
 

C7 H2 O2 S3 19.842 213.9214 212.9146 
 

80 
 

C30 H40 N3 S 20.128 474.2948 473.2868 
 

81 
 

C7 H2 O2 S3 20.462 213.9218 212.9147 
 

82   C26 H47 N5 O2 21.492 461.3733 460.366   

 

4.7.2 UHP-LCMS analysis for S. indicus methanolic extract and its ethyl acetate 

fraction 

Results are shown in Table 4.14 for the methanolic extract and Table 4.15 shows 

the LCMS results for its ethyl acetate fraction. 

Table 4.14: Compounds identified in methanol extract of S. indicus 

Cpd Name Formula 
TR 

(min) 

Molar 

Mass 

Base Peak 

(m/z) 

Hits 

(DB) 

1   C13 H10 N2 O2 0.602 226.0742 225.0669   

2 
 

C11 H9 Cl N3 0.634 218.0488 217.0406 
 

3 
 

C3 H11 Cl N3 O4 0.641 188.0451 187.0378 
 

4 L-Galactose C6 H12 O6 0.642 180.0634 215.0328 10 

5 L-Gulonate C6 H12 O7 0.645 196.0588 195.0515 10 

6 L-Lyxonate C5 H10 O6 0.647 166.0484 165.0412 10 

7 Hypoxanthine C5 H4 N4 O 0.654 136.0382 135.0309 5 
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8 

 
C10 H21 Cl N3 

O10 

0.654 378.0913 377.0839 
 

9 
 

C10 H16 N10 O6 0.657 372.1241 371.1168 
 

10 Quinic acid C7 H12 O6 0.665 192.0635 191.0563 3 

11 D-Glucoheptose C7 H14 O7 0.677 210.0737 209.0665 4 

12 
 

C10 H14 N10 O6 0.679 370.1083 369.1008 
 

13 

N-(6-Aminohexyl)-1-chloro-

naphthalene-5-sulfonamide 

C16 H21 Cl N2 

O2 S 

0.684 340.1021 339.0949 8 

14 8-Chlorotheophylline C7 H7 Cl N4 O2 0.688 214.0254 213.0181 1 

15 

2,3',4,6-

Tetrahydroxybenzophenone 

C13 H10 O5 0.692 246.0497 245.0444 4 

16 

N,N'-bis(2-chloroethyl)- Urea 

(Carmustine Metabolite) 

C5 H10 Cl2 N2 O 0.7 184.0171 183.0097 1 

17 3,3-Dimethyl-1,2-dithiolane C5 H10 S2 0.729 134.0231 133.0158 3 

18 B181008 C12 H13 N5 O4 0.732 291.0969 290.0898 2 

19 B181008 C12 H13 N5 O4 0.873 291.098 290.0907 2 

20 
 

C4 H8 N4 O3 S 0.904 192.0321 191.0247 
 

21 
 

C5 H7 N O3 0.916 129.0438 128.0366 
 

22 

1-Isothiocyanato-6-

(methylthio)hexane 

C8 H15 N S2 0.962 189.0649 188.0575 2 

23 
 

C4 H8 N O S 1.087 118.032 117.0247 
 

24 

(-)-1-Methylpropyl 1-propenyl 

disulfide 

C7 H14 S2 1.177 162.0539 161.0465 1 

25 2-Dehydro-3-deoxy-D-xylonate C5 H8 O5 1.203 148.0375 147.0302 10 

26 2,4,6-Trihydroxybenzoic acid C7 H6 O5 1.557 170.0223 169.015 3 

27   C16 H19 N O9 2.254 369.1061 368.0997   

28 3,4-Dihydroxybenzoic acid C7 H6 O4 3.179 154.0268 153.0195 7 

29 Scopolin C16 H18 O9 4.582 354.0959 353.0886 9 

30 

(R)-3-((R)-3-

Hydroxybutanoyloxy)butanoate 

C8 H14 O5 6.399 190.0846 189.0773 3 

31 
 

C9 H10 N4 O 6.923 190.0852 189.0779 
 

32 Vanilloloside C14 H20 O8 7.228 316.117 315.1097 2 

33 Scopolin C16 H18 O9 7.29 354.0965 353.0894 9 

34 
 

C17 H15 N5 O8 7.295 417.0921 416.0846 
 

35 7,8-Dihydroxycoumarin C9 H6 O4 7.454 178.0273 177.0199 5 

36 

Granisetron metabolite 4  

glucuronide 

C23 H30 N4 O8 7.478 490.2062 489.199 2 

37 Scopolin C16 H18 O9 7.483 354.0967 353.0896 9 

38 
 

C17 H15 N5 O8 7.486 417.0926 416.0849 
 

39 
 

C10 H4 N4 7.611 180.0438 179.0364 
 

40 
 

C13 H14 N4 O3 S 7.713 306.0793 305.0719 
 

41 Syringin C17 H24 O9 7.819 372.1422 371.1351 2 

42 Scopolin C16 H18 O9 7.856 354.0962 353.0889 9 

43 

3'-(6''-Galloylglucosyl)-

phloroacetophenone 

C21 H22 O13 7.902 482.1079 481.1006 6 

44 

Luteolin 7-rhamnosyl(1-

>6)galactoside 

C27 H30 O15 7.958 594.1607 593.1534 10 

45 
 

C22 H34 O11 7.981 474.2109 473.2038 
 

46 4-p-Coumaroylquinic acid C16 H18 O8 8.005 338.1017 337.0945 6 

47 thevetin B C42 H66 O18 8.159 858.434 857.4171 2 

48 
 

C21 H34 O9 8.162 430.2202 429.2149 
 

49 
 

C22 H31 N5 O8 8.162 493.2177 492.21 
 

50 Pseudomonine C16 H18 N4 O4 8.276 330.1324 329.1251 4 
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51 

 
C14 H30 N10 O4 

S 

8.314 434.2167 433.2095 
 

52 Thr Pro Trp C20 H26 N4 O5 8.34 402.1902 401.183 8 

53 Sildenafil C22 H30 N6 O4 S 8.509 474.2056 473.1969 1 

54 
 

C17 H14 N5 O5 8.535 368.1 367.0925 
 

55 
 

C8 H6 N O3 8.55 164.0351 163.0278 
 

56 
 

C16 H24 N5 O6 S 8.602 414.1453 413.1376 
 

57 Robinetin 3-rutinoside C27 H30 O16 8.722 610.154 609.1466 10 

58 

Isorhamnetin 3-glucosyl-(1-

>6)-galactoside 

C28 H32 O17 8.74 640.1638 639.1569 10 

59 
 

C19 H31 N4 O11 8.817 491.199 490.1917 
 

60 
 

C20 H32 N3 O10 8.819 474.2094 473.2023 
 

61 
 

C22 H24 N O7 8.873 414.1549 413.1476 
 

62 

Demeclocycline C21 H21 Cl N2 

O8 

8.91 464.0985 463.0913 1 

63 
  

8.911 842.359 841.3517 
 

64 
 

C26 H16 N5 O6 8.929 494.1101 493.1028 
 

65 
  

8.935 856.4138 855.4065 
 

66 
 

C25 H32 N O8 8.94 474.2122 473.2048 
 

67   C24 H31 N2 O9 8.94 491.203 490.1957   

68 

 
C19 H31 Cl N3 

O8 

8.941 464.1806 463.1722 
 

69 

Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.006 516.1286 515.1215 10 

70 

Tricetin 7-methyl ether 3'-

glucoside-5'-rhamnoside 

C28 H32 O16 9.081 624.172 623.1643 10 

71 
  

9.106 1032.2549 1031.2476 
 

72   C28 H22 N O9 9.109 516.1295 515.1222   

73 
 

C17 H34 N10 S3 9.144 474.2131 473.2042 
 

74 

4,11,13,15-Tetrahydroridentin 

B 

C15 H24 O4 9.218 268.168 267.1608 7 

75 
 

C26 H21 N5 O11 9.289 579.1244 578.117 
 

76 

Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.293 516.1289 515.1216 10 

77   C14 H24 O6 9.304 288.1579 287.1507   

78 
 

C23 H30 N4 O6 9.315 458.2168 457.2095 
 

79 Lonchocarpenin C27 H28 O6 9.431 448.185 447.1801 1 

80 
 

C22 H29 N5 O7 9.431 475.2067 474.1995 
 

81 
 

C23 H30 N4 O6 9.436 458.2173 457.2101 
 

82     9.439 928.3384 463.1619   

83 
 

C25 H24 O12 9.455 516.1268 515.1225 
 

84 
 

C26 H21 N5 O11 9.466 579.1243 578.117 
 

85 Nonic Acid C9 H16 O4 9.516 188.1056 187.0983 8 

86 
 

C28 H36 N4 O9 9.539 572.2481 571.2409 
 

87   C31 H36 N4 O8 9.584 592.253 591.2458   

88 
 

C16 H24 O6 9.622 312.1579 311.1506 
 

89 Lyoniresinol 9'-sulfate C22 H28 O11 S 9.776 500.1345 499.1265 6 

90 
 

C16 H19 Cl N4 9.777 302.1298 301.1226 
 

91 Cypendazole C16 H19 N5 O3 9.778 329.149 328.1417 1 

92 

Formononetin 7-(6''-

methylmalonylglucoside) 

C26 H26 O12 9.778 530.1446 529.1371 7 

93 
 

C17 H20 N4 O2 9.779 312.1589 311.1516 
 

94 Ferulic acid C10 H10 O4 9.833 194.0586 193.0514 10 
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95 
 

C35 H26 N4 O11 9.878 678.1606 677.1532 
 

96 
 

C28 H22 N O9 9.884 516.1294 515.1224 
 

97 Lyoniresinol 9'-sulfate C22 H28 O11 S 9.946 500.1345 499.1268 6 

98 
 

C28 H23 N2 O11 9.946 563.13 562.1223 
 

99 Agecorynin C C22 H24 O9 9.96 432.1437 431.1363 10 

100 
 

C23 H30 N4 O6 9.96 458.2168 457.2095 
 

101 
 

C20 H30 N17 O S 9.983 556.2533 555.2459 
 

102 

Methyl 6-O-digalloyl-beta-D-

glucopyranoside 

C17 H18 N4 O2 10.042 310.1433 309.136 1 

103 

Formononetin 7-(6''-

methylmalonylglucoside) 

C26 H26 O12 10.108 530.1445 529.1372 7 

104 
 

C27 H40 O12 10.14 556.2528 555.246 
 

105 tetranor-PGJM C16 H22 O6 10.17 310.1418 309.1346 5 

106 
 

C25 H42 N4 O6 10.238 494.3105 493.3033 
 

107 

Formononetin 7-(6''-

methylmalonylglucoside) 

C26 H26 O12 10.276 530.1449 529.1377 7 

108 
 

C29 H25 N2 O12 10.278 593.1404 592.133 
 

109 
 

C37 H28 N O12 10.422 678.1614 677.1541 
 

110 
 

C35 H26 N4 O11 10.607 678.1607 677.1534 
 

111 

N1,N5,N10-Tricoumaroyl 

spermidine 

C34 H37 N3 O6 10.699 583.2695 582.2625 1 

112 Asp Trp Thr C19 H24 N4 O7 10.741 420.1653 419.1579 10 

113 

N1,N5,N10-Tricoumaroyl 

spermidine 

C34 H37 N3 O6 10.826 583.2692 582.2625 1 

114 

1,3,4,5-Tetracaffeoylquinic 

acid 

C43 H36 O18 10.882 840.1911 839.1838 1 

115 

5,8,12-trihydroxy-9-

octadecenoic acid 

C18 H34 O5 10.977 330.2406 329.2334 10 

116 Gln Phe Glu C19 H26 N4 O7 11.082 422.1796 421.1725 6 

117 

1,3,4,5-Tetracaffeoylquinic 

acid 

C43 H36 O18 11.102 840.1918 839.1847 1 

118 

N-Histidyl-2-

Aminonaphthalene (βNA) 

C16 H16 N4 O 11.131 280.1319 279.1246 10 

119 
 

C16 H24 O6 11.144 312.1578 311.1508 
 

120 

N1,N5,N10,N14-Tetra-trans-p-

coumaroylspermine 

C46 H50 N4 O8 11.195 786.3633 785.3562 1 

121 
 

C36 H28 N4 O11 11.249 692.1759 691.1685 
 

122 

N1,N5,N10,N14-Tetra-trans-p-

coumaroylspermine 

C46 H50 N4 O8 11.294 786.365 785.3579 1 

123 

Pyrimidifen C20 H28 Cl N3 

O2 

11.303 377.1855 376.1781 1 

124 

5,8,12-trihydroxy-9-

octadecenoic acid 

C18 H34 O5 11.434 330.2412 329.234 10 

125 Coriandrone D C18 H24 O7 11.537 352.153 351.1456 1 

126 9,16-dihydroxy-palmitic acid C16 H32 O4 11.756 288.2304 287.2233 6 

127   C21 H25 N5 O2 11.904 379.2007 378.1937   

128 Cinnamodial C17 H24 O5 11.951 308.1626 307.1554 5 

129 Absindiol C15 H22 O4 11.955 266.1521 265.1449 10 

130 
 

C17 H20 N4 O 12.56 296.164 295.1567 
 

131 
 

C15 H24 O3 12.725 252.1739 251.1666 
 

132 F-Amidine C14 H19 F N4 O2 12.795 294.1491 293.1417 2 

133 Suspensolide F C21 H34 O12 12.944 478.2065 477.1994 5 

134 Gingerol C17 H26 O4 13.124 294.184 293.1768 7 
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135 

Granisetron metabolite 4  

glucuronide 

C23 H30 N4 O8 13.406 490.2061 489.1988 2 

136 

Granisetron metabolite 4  

glucuronide 

C23 H30 N4 O8 13.575 490.2064 489.199 2 

137 N-Ac-Tyr-Val-Ala-Asp-CHO C23 H32 N4 O8 13.668 492.221 491.214 1 

138 

3(4->5)-Abeo-4,11:4,12-

diepoxy-3-eudesmanol 

C15 H24 O3 13.898 252.1729 251.1656 10 

139 

Granisetron metabolite 3 

glucuronide 

C24 H32 N4 O8 14.094 504.2225 503.2153 1 

140 9,10-Epoxy-18-hydroxystearate C18 H34 O4 14.11 314.2464 313.2392 10 

141 
 

C16 H28 N17 O S 14.293 506.2382 505.2305 
 

142   C26 H28 N8 O4 14.399 516.2235 515.2162   

143 

5-Hydroxy-1-(4-

hydroxyphenyl)-3-decanone 

C16 H24 O3 14.592 264.1733 263.1661 3 

144 Moreollin C35 H42 O8 14.635 590.2855 589.2785 1 

145 

 
C23 H37 N14 O2 

S 

14.637 573.295 572.288 
 

146 

1-methyl-N-(9-methyl-9-

azabicyclo[3.3.1]non-3-yl)-7-

(sulfooxy)-, endo- glucuronide 

C25 H34 N4 O8 14.739 518.2377 517.2304 4 

147 

3b,6a-Dihydroxy-alpha-ionol 

9-[apiosyl-(1->6)-glucoside] 

C24 H40 O12 14.921 520.2537 519.2464 3 

148 
 

C25 H34 N4 O9 14.931 534.2332 533.2259 
 

149 
 

C25 H28 N11 O4 15.235 546.2332 545.2258 
 

150 

 
C20 H32 N14 O3 

S 

15.467 548.2495 547.2416 
 

151 
 

C18 H32 O3 15.688 296.2355 295.2295 
 

152 3-Mercaptohexyl hexanoate C12 H24 O2 S 15.823 232.1491 231.1417 1 

153 
 

C31 H33 N5 O7 15.838 587.2384 586.2309 
 

154 21-Fluoroprogesterone C21 H29 F O2 16.477 332.213 331.208 2 

155 
 

C32 H38 N4 O3 16.573 526.2947 525.2873 
 

156 
 

C28 H46 N O8 S 16.906 556.2939 555.2868 
 

157 Pro Lys Pro C16 H28 N4 O4 18.831 340.2112 339.2043 3 

158 
 

C10 H30 N7 O2 19.228 280.2447 279.2372 
 

159 
 

C18 H36 O3 19.453 300.2668 299.2614 
 

160 
 

C21 H26 N O2 S 20.089 356.1692 355.1621 
 

 

Table 4.15: Compounds identified in ethyl acetate fraction of S. indicus 

Cpd Name Formula 
TR 

(min) 

Molar 

Mass 

Base Peak 

(m/z) 

Hits 

(DB) 

1 p-Chlorobenzhydrol C13 H11 Cl O 0.63 218.0497 217.0415 3 

2 2-C-Methyl-D-erythritol 4-

phosphate 

C5 H13 O7 P 0.633 216.0406 215.0334 1 

3 
 

C6 H9 Cl N4 O 0.638 188.0452 187.0378 
 

4 9-Methylxanthine C6 H6 N4 O2 0.645 166.0485 165.0413 10 

5 L-Gulonate C6 H12 O7 0.646 196.0587 195.0515 10 

6   C10 H21 Cl N3 

O10 

0.651 378.0911 377.0836   

7 Lippioside I C25 H30 O13 0.653 538.1644 537.161 1 

8 Hypoxanthine C5 H4 N4 O 0.655 136.0385 135.0311 5 

9 
 

C12 H25 Cl N4 

O5 S 

0.661 372.1228 371.1169 
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10 
 

C8 H8 N4 O2 0.665 192.0649 191.0576 
 

11 Theobromine C7 H8 N4 O2 0.67 180.0649 179.0576 3 

12 1,3,7-Trimethyluric acid C8 H10 N4 O3 0.677 210.076 209.0688 2 

13 2',3',5'-triacetyl-5-Azacytidine C14 H18 N4 O8 0.677 370.1123 369.1048 1 

14 Dibenzo[1,4]dioxin-2,3-dione C12 H6 O4 0.683 214.0263 213.0189 2 

15 
 

C8 H19 Cl N9 O2 

S 

0.685 340.1063 339.0986 
 

16 2,3',4,6-

Tetrahydroxybenzophenone 

C13 H10 O5 0.692 246.0509 245.0449 4 

17 γ-Hydroxyphenylbutazone 

glucuronide 

C25 H28 N2 O9 0.695 500.1756 499.1697 2 

18 
 

C5 H2 N4 O 0.732 134.0233 133.016 
 

19 B181008 C12 H13 N5 O4 0.734 291.0977 290.0905 2 

20 γ-Hydroxyphenylbutazone 

glucuronide 

C25 H28 N2 O9 0.86 500.1764 499.1698 2 

21 10-Acetoxyligustroside C27 H34 O14 0.872 582.1924 581.1851 1 

22 B181008 C12 H13 N5 O4 0.874 291.0975 290.0902 2 

23 
 

C9 H6 N O4 0.905 192.0297 191.0224 
 

24 
 

C8 H5 N5 O 0.906 187.0495 186.0422 
 

25 
 

C5 H7 N O3 0.916 129.0438 128.0369 
 

26 Prasugrel C20 H20 F N O3 S 0.928 373.114 372.1072 1 

27 1-Isothiocyanato-6-

(methylthio)hexane 

C8 H15 N S2 0.961 189.065 188.0576 2 

28 
 

C4 H8 N O S 1.082 118.0323 117.025 
 

29 DL-α-Lipoic Acid C8 H14 O2 S2 1.166 206.0441 205.0367 1 

30 (-)-1-Methylpropyl 1-propenyl 

disulfide 

C7 H14 S2 1.167 162.0544 161.047 1 

31 2,4,6-Trihydroxybenzoic acid C7 H6 O5 1.543 170.022 169.0147 3 

32 10-Hydroxy-8-nor-2-

fenchanone glucoside 

C15 H24 O7 1.802 316.1531 315.146 2 

33 
 

C16 H19 N O9 2.243 369.1068 368.1002 
 

34 Scopolin C16 H18 O9 4.498 354.0961 353.0889 9 

35 (R)-3-((R)-3-

Hydroxybutanoyloxy)butanoate 

C8 H14 O5 6.39 190.0842 189.077 3 

36 (R)-3-((R)-3-

Hydroxybutanoyloxy)butanoate 

C8 H14 O5 6.92 190.0844 189.0771 3 

37 Vanilloloside C14 H20 O8 7.223 316.1167 315.1095 2 

38 Scopolin C16 H18 O9 7.288 354.0964 353.0892 9 

39 
 

C17 H15 N5 O8 7.294 417.0924 416.0847 
 

40 Granisetron metabolite 4  

glucuronide 

C23 H30 N4 O8 7.474 490.2066 489.1994 2 

41     7.475 798.296 797.2887   

42 Scopolin C16 H18 O9 7.478 354.0967 353.0895 9 

43 
 

C19 H17 N2 O9 7.482 417.0927 416.0849 
 

44 
 

C13 H14 N4 O3 S 7.706 306.0787 305.0712 
 

45 Syringin C17 H24 O9 7.816 372.1431 371.136 2 

46 7-Epi-12-hydroxyjasmonic acid 

glucoside 

C18 H28 O9 7.82 388.1741 387.1669 10 

47 Scopolin C16 H18 O9 7.853 354.0965 353.0893 9 

48 3'-(6''-Galloylglucosyl)-

phloroacetophenone 

C21 H22 O13 7.898 482.1082 481.101 6 

49 
 

C24 H24 N11 O6 

S 

7.956 594.1629 593.1552 
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50 
 

C23 H30 N4 O7 7.98 474.2123 473.2051 
 

51   C12 H16 N7 O3 S 8.006 338.103 337.0963   

52 
  

8.156 861.4466 860.4394 
 

53 Thevetin B C42 H66 O18 8.157 858.4367 857.4177 2 

55 
 

C21 H34 O9 8.159 430.2208 429.2153 
 

54 
 

C24 H33 N2 O9 8.159 493.2183 492.2106 
 

56   C23 H32 N4 O7 8.166 476.2272 475.2199   

57 N-Dealkylzuclopenthixol  

sulfoxide 

C20 H21 Cl N2 O 

S 

8.197 372.1082 371.1004 1 

58 
 

C20 H34 O10 8.309 434.2154 433.2085 
 

59 Thr Pro Trp C20 H26 N4 O5 8.336 402.1899 401.1826 8 

60 Granisetron metabolite 4  

glucuronide 

C23 H30 N4 O8 8.354 490.2056 489.1989 2 

61 Cinncassiol C3 C20 H30 O7 8.382 382.1995 381.1926 3 

62 
 

C24 H30 N O9 8.414 476.1926 475.1853 
 

63 
 

C18 H40 N3 O5 

S3 

8.507 474.2132 473.2044 
 

64 Ptelatoside A C19 H26 O10 8.602 414.1528 413.1456 1 

65 Robinetin 3-rutinoside C27 H30 O16 8.721 610.1549 609.1476 10 

66 Isorhamnetin 3-glucosyl-(1-

>6)-galactoside 

C28 H32 O17 8.741 640.1649 639.1578 10 

67 
 

C22 H29 N5 O8 8.817 491.2022 490.1949 
 

68 
 

C23 H30 N4 O7 8.819 474.2122 473.205 
 

69 
 

C20 H22 N4 O6 8.871 414.1548 413.1474 
 

70 
  

8.908 842.3598 841.3525 
 

71 Demeclocycline C21 H21 Cl N2 

O8 

8.914 464.0997 463.0925 1 

72 
 

C19 H16 N11 O4 

S 

8.928 494.1112 493.1036 
 

73 
  

8.933 856.4135 855.4062 
 

74 Tyr Phe Tyr C27 H29 N3 O6 8.938 491.2037 490.1964 3 

76 Pumilaisoflavone B C27 H28 O7 8.94 464.1799 463.174 3 

75   C25 H32 N O8 8.94 474.2121 473.2044   

77 Tricetin 7-methyl ether 3'-

glucoside-5'-rhamnoside 

C28 H32 O16 8.972 624.1701 623.1625 10 

78 Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.004 516.1285 515.1212 10 

79 Luteolin 7-rhamnosyl(1-

>6)galactoside 

C27 H30 O15 9.06 594.1624 593.1537 10 

80 Zinc protoporphyrin-9 C34 H32 N4 O4 

Zn 

9.077 624.1735 623.1657 1 

81 Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.107 516.1291 515.1218 10 

82 
 

C19 H38 O11 S 9.143 474.2133 473.2054 
 

83 
 

C37 H68 N6 O8 9.199 724.5106 723.5034 
 

84 
 

C36 H67 N7 O9 9.2 741.5008 740.4937 
 

85 N,N'-(((4-methyl-1,3-

phenylene) 

bis(azanediyl))bis 

(carbonothioyl))dibenzamide 

C23 H20 N4 O2 

S2 

9.273 448.1041 447.0962 1 

86   C28 H22 N O9 9.283 516.13 515.1224   

87 
 

C28 H23 N2 O12 9.287 579.1253 578.1174 
 

88 
 

C14 H24 O6 9.302 288.158 287.1508 
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89 Lonchocarpenin C27 H28 O6 9.431 448.1865 447.1815 1 

90 
 

C24 H31 N2 O8 9.431 475.208 474.2008 
 

91   C25 H32 N O7 9.436 458.2179 457.2106   

92 
  

9.441 928.3414 463.1635 
 

93 Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.455 516.1284 515.1211 10 

94 
 

C26 H21 N5 O11 9.468 579.1234 578.116 
 

95 
 

C28 H36 N4 O9 9.545 572.2483 571.241 
 

96   C30 H40 O12 9.586 592.2528 591.2456   

97 Formononetin 7-O-glucoside-

6''-O-malonate 

C25 H24 O12 9.884 516.1285 515.1214 10 

98 
 

C23 H30 N4 O6 9.955 458.2166 457.2093 
 

99 
 

C25 H42 N4 O6 10.236 494.3105 493.3033 
 

100 
 

C29 H22 N14 O5 

S 

10.419 678.1614 677.1532 
 

101 1,3,4,5-Tetracaffeoylquinic 

acid 

C43 H36 O18 10.876 840.1893 839.182 1 

102 Gingerol C17 H26 O4 13.123 294.1842 293.1771 7 
 

4.8 In-vitro evaluation of the developed formulations 

In-vitro evaluation of the developed formulations was done by keeping them at 

four different temperature and humidity conditions i.e. 8 ±1, 25 ±1, 40 ±1 ºC and 40 ±1 ºC 

with 75 ±1% relative humidity (RH), which are coded as 1, 2, 3 and 4 respectively. On the 

basis of chemical and enzymatic analysis of the extracts and its fractions, ethyl acetate 

fraction of S. china and methanolic extract of S. indicus was used. The formulation with 

storage condition will be used as described in Table 4.16. Readings were taken of the fresh 

formulation and then after 1, 7, 14, 28, 60, 90, 120, 150 and 180 days for analysis. 

Table 4.16: Formulation codes according to storage conditions  

Sr. 

# 

Formulation 8  

±1 ºC 
25  

±1 ºC 
40  

±1 ºC 
40 ±1 ºC + 

 75 ±1% RH 

1.  Primary Emulsion (Placebo) SC A-1 A-2 A-3 A-4 

2.  Primary Emulsion (Placebo) SI B-1 B-2 B-3 B-4 

3.  Primary Emulsion (Active 

formulation) SC 
C-1 C-2 C-3 C-4 

4.  Primary Emulsion (Active 

formulation) SI 
D-1 D-2 D-3 D-4 

5.  Multiple Emulsion (Placebo) SC E-1 E-2 E-3 E-4 

6.  Multiple Emulsion (Placebo) SI F-1 F-2 F-3 F-4 

7.  Multiple Emulsion (Active 

formulation) SC 
G-1 G-2 G-3 G-4 

8.  Multiple Emulsion (Active 

formulation) SI 
H-1 H-2 H-3 H-4 
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9.  Multiple Emulsion with carbopol 

(Placebo) SC 
I-1 I-2 I-3 I-4 

10.  Multiple Emulsion with carbopol 

(Placebo) SI 
J-1 J-2 J-3 J-4 

11.  Multiple Emulsion with carbopol 

(Active formulation) SC 
K-1 K-2 K-3 K-4 

12.  Multiple Emulsion with carbopol 

(Active formulation) SI 
L-1 L-2 L-3 L-4 

 

4.8.1 Organoleptic evaluation 

Organoleptic evaluation was done to observe any change in colour, odour and 

also for phase separation and liquefaction of the prepared formulation. Results are 

summarized in Table 4.17 – 4.28 

Table 4.17: Organoleptic evaluation of Formulation A* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- - 

25 N -- -- -- -- -- -- -- - 

40 N -- -- -- -- -- -- -- - 

40(RH) N -- -- -- -- -- -- -- - 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.18: Organoleptic evaluation of Formulation B* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- - 

25 N -- -- -- -- -- -- -- - 

40 N -- -- -- -- -- -- -- - 

40(RH) N -- -- -- -- -- -- -- - 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.19: Organoleptic evaluation of Formulation C* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- - 

25 N -- -- -- -- -- -- -- - 

40 N -- -- -- -- -- -- -- - 

40(RH) N -- -- -- -- -- -- -- - 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.20: Organoleptic evaluation of Formulation D* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- - 

25 N -- -- -- -- -- -- -- - 

40 N -- -- -- -- -- -- -- - 

40(RH) N -- -- -- -- -- -- -- - 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.21: Organoleptic evaluation of Formulation E* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- - - + 

25 N -- -- -- -- -- - - + 

40 N -- -- -- -- -- - - + 

40(RH) N -- -- -- -- -- - - + 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.22: Organoleptic evaluation of Formulation F* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- - - + 

25 N -- -- -- -- -- - - + 

40 N -- -- -- -- -- - - + 

40(RH) N -- -- -- -- -- - - + 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.23: Organoleptic evaluation of Formulation G* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- - - + 

25 N -- -- -- -- -- - - + 

40 N -- -- -- -- -- - - + 

40(RH) N -- -- -- -- -- - - + 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.24: Organoleptic evaluation of Formulation H* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- - - + 

25 N -- -- -- -- -- - - + 

40 N -- -- -- -- -- - - + 

40(RH) N -- -- -- -- -- - - + 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.25: Organoleptic evaluation of Formulation I* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.26: Organoleptic evaluation of Formulation J* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.27: Organoleptic evaluation of Formulation K* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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Table 4.28: Organoleptic evaluation of Formulation L* kept at different storage 

conditions for 180 days 

Parameter 
Temp. 

ºC 
0 1 7 28 60 90 120 150 180 

Colour 

8 W -- -- -- -- -- -- -- -- 

25 W -- -- -- -- -- -- -- -- 

40 W -- -- -- -- -- -- -- -- 

40(RH) W -- -- -- -- -- -- -- -- 

Odour 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Liquefaction 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

Phase 

Separation 

8 N -- -- -- -- -- -- -- -- 

25 N -- -- -- -- -- -- -- -- 

40 N -- -- -- -- -- -- -- -- 

40(RH) N -- -- -- -- -- -- -- -- 

*= See Table 3.7, W= White, N= None, RH= 75% relative humidity, -- = No change, 

- = Slight Change, + = Moderate change, ++ = Significant change 
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4.8.2 Rheological studies 

Rheological studies were performed for all the prepared formulations. Data was 

obtained for apparent viscosity at 25 rpm, flow index obtained by power law and 

rheograms were made with shear stress (dynes/cm2) at y-axis and shear rate (s-1) at x-

axis. 

4.8.2.1 Rheograms of the prepared formulations 

Figures 4.14-4.25 shows the rheograms of each of the individual formulation that 

are kept at different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 

40 ±1 ºC with 75 ±1% RH (4), for 180 days. 

 

 

 

Figure 4.14: Rheograms of Formulation A kept at four different storage conditions 

for 180 days  
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Figure 4.15: Rheograms of Formulation B kept at four different storage conditions 

for 180 days  
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Figure 4.16: Rheograms of Formulation C kept at four different storage conditions 

for 180 days  
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Figure 4.17: Rheograms of Formulation D kept at four different storage conditions 

for 180 days  
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Figure 4.18: Rheograms of Formulation E kept at four different storage conditions 

for 180 days  
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Figure 4.19: Rheograms of Formulation F kept at four different storage conditions for 

180 days  
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Figure 4.20: Rheograms of Formulation G kept at four different storage conditions 

for 180 days  
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Figure 4.21: Rheograms of Formulation H kept at four different storage conditions 

for 180 days  
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Figure 4.22: Rheograms of Formulation I kept at four different storage conditions for 

180 days  
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Figure 4.23: Rheograms of Formulation J kept at four different storage conditions for 

180 days  
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Figure 4.24: Rheograms of Formulation K kept at four different storage conditions 

for 180 days  
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Figure 4.25: Rheograms of Formulation L kept at four different storage conditions 

for 180 days  
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Figures 4.26-4.31 shows the comparison of the same formulations with and 

without the presence of extract i.e. placebo and the active formulation, kept at different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days. 

 

 

 

 

 

Figure 4.26: Comparison of rheograms of formulation A (Placebo) and C (Active 

Formulation) kept at four different storage conditions for 180 days 
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Figure 4.27: Comparison of rheograms of formulation B (Placebo) and D (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.28: Comparison of rheograms of formulation E (Placebo) and G (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.29: Comparison of rheograms of formulation F (Placebo) and H (Active 

formulation) kept at four different storage conditions for 180 days 

 

 

 

 

 

  



107 

 

    

 

 

 

Figure 4.30: Comparison of rheograms of formulation I (Placebo) and K (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.31: Comparison of rheograms of formulation J (Placebo) and L (Active 

formulation) kept at four different storage conditions for 180 days 
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Figures 4.32-4.33 shows the comparison of the active formulations of primary 

emulsion, multiple emulsion and multiple emulsion with gelling agent, kept at different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days. 

 

 

Figure 4.32: Comparison of rheograms of active formulations C (primary emulsion), 

G (multiple emulsion) and K (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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Figure 4.33: Comparison of rheograms of active formulations D (primary emulsion), 

H (multiple emulsion) and L (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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4.8.2.2 Viscosities of the prepared formulations 

Viscosities of the prepared formulations kept at four different storage conditions 

i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% RH (4), for 180 

days, were measured at a spindle speed of 25 rpm. Viscosity is measured as centi-Poise 

(cP). The results are shown in Table 4.29-4.40 and in Figures 4.34-4.45. 

Table 4.29: Apparent Viscosity for formulation A* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 279.98 279.98 279.98 279.98 

1 278.2 276.13 273.95 277.21 

7 276.76 275.02 272.99 277.14 

14 276.25 272.9 269.57 271.99 

28 274.44 269.6 267.01 267.25 

60 271.46 268.76 263.78 264.79 

90 268.58 267.36 263.96 261.78 

120 267.6 264.1 263.47 261.43 

150 264.97 262.73 260.47 259.82 

180 262.59 262.84 258.73 256.45 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

Figure 4.34: Viscosity change for Formulation A 
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Table 4.30: Apparent Viscosity for formulation B* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 274.9 274.9 274.9 274.9 

1 272.6 272.26 271.46 272.4 

7 270.39 270.79 271.04 268.77 

14 268.9 268.27 267.11 265.95 

28 267.3 266.46 264.64 259.11 

60 265.46 265.53 260.13 257.18 

90 263.6 265.18 256.69 257.01 

120 262.8 264.84 254.45 256.66 

150 259.41 263.43 253.5 254.41 

180 259.06 262.98 251.82 251.29 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.35: Viscosity change for Formulation B 
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Table 4.31: Apparent Viscosity for formulation C* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 278.51 278.51 278.51 278.51 

1 273.6 277.67 274.58 276.55 

7 271.88 275.74 270.34 275.07 

14 269.02 274.5 268.48 273.84 

28 267.5 273.08 267.5 267.95 

60 265.53 268.03 265.58 263.46 

90 265.15 266.69 263.94 263.05 

120 263.99 263.64 261.78 260.18 

150 263.55 261.82 260.2 259.99 

180 263.12 261.01 258.45 257.45 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.36: Viscosity change for Formulation C 

 

  



114 

 

Table 4.32: Apparent Viscosity for formulation D* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 275.1 275.1 275.1 275.1 

1 273.41 273.34 272.92 270.3 

7 271.72 272.69 270.43 268.9 

14 270.76 271.22 269.96 265.42 

28 267.81 269.74 267.36 263.08 

60 266.13 268.97 263.01 261.67 

90 263.25 267.46 261.73 259.15 

120 263.12 266.97 257.75 256.27 

150 262.29 264.17 254.27 255.89 

180 261.82 263.52 253.43 253.29 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.37: Viscosity change for Formulation D 
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Table 4.33: Apparent Viscosity for formulation E* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 235.28 235.28 235.28 235.28 

1 233.53 234.36 232.55 233.85 

7 229.83 232.94 232.27 231.03 

14 227.88 227.89 227.32 227.68 

28 226.96 220.7 221.43 225.31 

60 225.53 219.8 218.97 224.83 

90 225.15 215.96 216.13 221.87 

120 221.68 215.64 212.31 212.8 

150 218.69 214.84 211.94 208.43 

180 215.75 211.58 205.96 205.96 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.38: Viscosity change for Formulation E 
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Table 4.34: Apparent Viscosity for formulation F* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 184.65 184.65 184.65 184.65 

1 180.09 182.13 181.8 183.04 

7 178.69 178.68 178.06 179.11 

14 177.76 174.45 176.17 178.13 

28 176.11 174.07 174.34 177.64 

60 175.69 172.76 172.94 165.31 

90 173.54 171.33 165.57 163.43 

120 171.62 162.34 164.94 162.73 

150 168.48 160.2 157.47 153.29 

180 166.56 154.84 151.68 148.31 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.39: Viscosity change for Formulation F 
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Table 4.35: Apparent Viscosity for formulation G* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 225.46 225.46 225.46 225.46 

1 225.08 224.6 221.29 223.85 

7 221.57 221.27 219.59 220.09 

14 218.97 217.29 216.62 219.09 

28 217.32 215.57 214.41 218.6 

60 214.82 213.41 212.94 212.73 

90 214.68 211.29 212.13 209.46 

120 212.8 209.11 211.64 205.27 

150 211.68 208.76 204.27 203.59 

180 211.41 206.24 197.26 201.76 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.40: Viscosity change for Formulation G 
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Table 4.36: Apparent Viscosity for formulation H* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 197.11 197.11 197.11 197.11 

1 195.6 194.08 192.73 194.83 

7 191.78 187.29 189.78 184.52 

14 189.5 179.43 187.99 178.2 

28 189.08 177.64 182.59 175.73 

60 187.88 172.73 175.89 174.96 

90 183.08 172.45 173.04 173.01 

120 179.64 168.96 171.55 166.52 

150 174.94 168.55 169.85 163.03 

180 174.04 166.38 163.96 162.27 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.41: Viscosity change for Formulation H 
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Table 4.37: Apparent Viscosity for formulation I* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 268.17 268.17 268.17 268.17 

1 267.79 265.71 263.23 264.16 

7 264.43 264.24 259.99 262.69 

14 262.41 262.76 259.78 257.36 

28 260.45 259.89 256.03 256.59 

60 259.82 257.47 253.6 253.17 

90 257.96 256.55 252.76 251.19 

120 256.03 252.17 252.27 249.36 

150 254.27 252.03 249.27 247.4 

180 253.29 251.01 248.17 242.59 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.42: Viscosity change for Formulation I 
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Table 4.38: Apparent Viscosity for formulation J* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 249.02 249.02 249.02 249.02 

1 248.53 245 246.4 245.8 

7 247.55 242.29 242.74 241.43 

14 244.15 239.58 238.07 239.3 

28 242.15 237.87 231.97 234.78 

60 241.48 235.8 227.8 231.59 

90 239.33 235.43 225.13 226.55 

120 237.89 235.22 221.97 221.38 

150 237.04 234.88 216.67 216.96 

180 236.47 234.68 212.68 209.55 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.43: Viscosity change for Formulation J 
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Table 4.39: Apparent Viscosity for formulation K* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 264.31 264.31 264.31 264.31 

1 264.23 261.08 263.15 263.32 

7 261.32 259.6 261.71 259.08 

14 259.06 258.76 257.32 257.36 

28 257.43 258.08 256.94 255.99 

60 256.08 254.55 253.45 252.76 

90 254.45 252.31 251.24 252.27 

120 253.52 250.08 250.31 250.31 

150 253.14 248.64 248.52 249.36 

180 251.82 246.73 247.38 245.12 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.44: Viscosity change for Formulation K 

 

  



122 

 

Table 4.40: Apparent Viscosity for formulation L* (cP) 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 256.3 256.3 256.3 256.3 

1 252.26 251.14 249.43 250.55 

7 249.81 245.06 242.9 244.7 

14 247.54 241.11 238.09 240.69 

28 242.45 236.13 234.06 237.07 

60 241.25 231.41 229.45 233.31 

90 237.42 231.01 226.39 227.39 

120 236.73 230.99 220.04 221.08 

150 235.97 230.84 214.6 214.41 

180 235.16 230.78 211.6 204.41 

*= See Table 3.7, cP= centi-Poise,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.45: Viscosity change for Formulation L 
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A Comparison between the viscosities of the same formulations, with and without 

the presence of extract i.e. placebo and the active formulations, kept at four different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days, are shown in Figures 4.46-4.51. 

 

 

Figure 4.46: Comparison of viscosities of primary emulsions A (Placebo) and C 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.47: Comparison of viscosities of primary emulsions B (Placebo) and D 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.48: Comparison of viscosities of multiple emulsions E (Placebo) and G 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.49: Comparison of viscosities of multiple emulsions F (Placebo) and H 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.50: Comparison of viscosities of multiple emulsions, with carbopol, I 

(Placebo) and K (Active formulation) kept at four different storage conditions for 180 

days 
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Figure 4.51: Comparison of viscosities of multiple emulsions, with carbopol, J 

(Placebo) and L (Active formulation) kept at four different storage conditions for 180 

days 
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Figures 4.52-4.53 shows the comparison of viscosities for active formulations of 

primary emulsion, multiple emulsion and multiple emulsion with carbopol, kept at 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days. 

 

 

Figure 4.52: Comparison of viscosities of active formulations C (primary emulsion), 

G (multiple emulsion) and K (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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Figure 4.53: Comparison of viscosities of active formulations D (primary emulsion), 

H (multiple emulsion) and L (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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4.8.2.3 Flow index 

Flow index of the prepared formulations kept at four different storage conditions 

i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% RH (4), for 180 

days, were measured using rheometer and power law or Ostwald’s model (τ = K γn) 

was applied. The results are shown in Table 4.41-4.52 and in Figures 4.54-4.63. 

Table 4.41: Flow index for formulation A* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.77 0.77 0.77 0.77 

1 0.74 0.76 0.72 0.75 

7 0.71 0.76 0.7 0.71 

14 0.71 0.77 0.63 0.71 

28 0.68 0.75 0.61 0.68 

60 0.65 0.73 0.6 0.64 

90 0.64 0.69 0.59 0.59 

120 0.61 0.66 0.57 0.55 

150 0.61 0.66 0.56 0.54 

180 0.59 0.64 0.55 0.53 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

Figure 4.54: Flow index change for Formulation A 
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Table 4.42: Flow index for formulation B* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.64 0.64 0.64 0.64 

1 0.59 0.59 0.64 0.63 

7 0.58 0.56 0.63 0.62 

14 0.56 0.56 0.6 0.6 

28 0.55 0.53 0.59 0.57 

60 0.53 0.53 0.57 0.57 

90 0.53 0.51 0.56 0.56 

120 0.52 0.49 0.55 0.56 

150 0.51 0.49 0.54 0.55 

180 0.49 0.49 0.53 0.53 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.55: Flow index change for Formulation B 
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Table 4.43: Flow index for formulation C* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.74 0.74 0.74 0.74 

1 0.7 0.72 0.72 0.71 

7 0.69 0.7 0.67 0.69 

14 0.67 0.7 0.62 0.67 

28 0.66 0.67 0.6 0.63 

60 0.65 0.64 0.6 0.58 

90 0.62 0.64 0.57 0.56 

120 0.62 0.62 0.56 0.55 

150 0.61 0.61 0.54 0.55 

180 0.58 0.61 0.53 0.53 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.56: Flow index change for Formulation C 
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Table 4.44: Flow index for formulation D* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.63 0.63 0.63 0.63 

1 0.61 0.63 0.61 0.61 

7 0.6 0.62 0.6 0.6 

14 0.59 0.62 0.6 0.6 

28 0.58 0.61 0.59 0.6 

60 0.57 0.61 0.58 0.59 

90 0.57 0.6 0.58 0.58 

120 0.55 0.6 0.58 0.57 

150 0.51 0.57 0.55 0.56 

180 0.51 0.53 0.53 0.54 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.57: Flow index change for Formulation D 
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Table 4.45: Flow index for formulation E* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.56 0.56 0.56 0.56 

1 0.53 0.56 0.57 0.55 

7 0.52 0.52 0.55 0.52 

14 0.49 0.51 0.53 0.48 

28 0.46 0.49 0.51 0.46 

60 0.44 0.48 0.48 0.45 

90 0.44 0.45 0.45 0.43 

120 0.41 0.43 0.42 0.42 

150 0.39 0.43 0.42 0.39 

180 0.38 0.43 0.39 0.37 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.58: Flow index change for Formulation E 
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Table 4.46: Flow index for formulation F* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.52 0.52 0.52 0.52 

1 0.51 0.52 0.54 0.52 

7 0.48 0.51 0.54 0.5 

14 0.46 0.51 0.48 0.49 

28 0.45 0.51 0.47 0.49 

60 0.43 0.49 0.45 0.46 

90 0.43 0.47 0.45 0.44 

120 0.42 0.44 0.37 0.42 

150 0.42 0.39 0.36 0.42 

180 0.37 0.37 0.35 0.37 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.59: Flow index change for Formulation F 
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Table 4.47: Flow index for formulation G* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.54 0.54 0.54 0.54 

1 0.51 0.54 0.54 0.52 

7 0.51 0.54 0.52 0.48 

14 0.48 0.52 0.52 0.47 

28 0.47 0.51 0.52 0.43 

60 0.47 0.51 0.5 0.43 

90 0.46 0.51 0.47 0.39 

120 0.45 0.5 0.44 0.39 

150 0.41 0.46 0.41 0.38 

180 0.41 0.45 0.41 0.38 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.60: Flow index change for Formulation G 
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Table 4.48: Flow index for formulation H* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.51 0.51 0.51 0.51 

1 0.51 0.5 0.52 0.52 

7 0.5 0.5 0.51 0.51 

14 0.47 0.48 0.49 0.51 

28 0.45 0.47 0.49 0.51 

60 0.45 0.46 0.46 0.49 

90 0.43 0.43 0.43 0.48 

120 0.42 0.42 0.43 0.47 

150 0.39 0.42 0.39 0.45 

180 0.39 0.4 0.36 0.44 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.61: Flow index change for Formulation H 
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Table 4.49: Flow index for formulation I* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.51 0.51 0.51 0.51 

1 0.51 0.51 0.52 0.53 

7 0.49 0.5 0.52 0.52 

14 0.46 0.48 0.49 0.53 

28 0.46 0.46 0.48 0.52 

60 0.45 0.46 0.45 0.48 

90 0.45 0.44 0.44 0.47 

120 0.44 0.44 0.43 0.46 

150 0.43 0.41 0.43 0.45 

180 0.41 0.41 0.41 0.43 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.62: Flow index change for Formulation I 
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Table 4.50: Flow index for formulation J* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.54 0.54 0.54 0.54 

1 0.52 0.52 0.49 0.54 

7 0.54 0.47 0.49 0.51 

14 0.48 0.47 0.48 0.5 

28 0.46 0.43 0.47 0.48 

60 0.45 0.42 0.46 0.48 

90 0.42 0.42 0.45 0.45 

120 0.43 0.41 0.43 0.41 

150 0.41 0.39 0.39 0.39 

180 0.38 0.38 0.37 0.38 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.63: Flow index change for Formulation J 
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Table 4.51: Flow index for formulation K* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.55 0.55 0.55 0.55 

1 0.52 0.55 0.55 0.54 

7 0.53 0.51 0.54 0.54 

14 0.49 0.48 0.51 0.47 

28 0.49 0.48 0.52 0.46 

60 0.47 0.49 0.53 0.49 

90 0.47 0.46 0.49 0.47 

120 0.47 0.45 0.48 0.46 

150 0.42 0.43 0.45 0.44 

180 0.42 0.41 0.43 0.42 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.64: Flow index change for Formulation K 
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Table 4.52: Flow index for formulation L* 

Days 8 °C 25 °C 40 °C 40 °C + 75% RH 

0 0.58 0.58 0.58 0.58 

1 0.54 0.58 0.58 0.57 

7 0.54 0.54 0.57 0.51 

14 0.48 0.54 0.53 0.48 

28 0.46 0.54 0.49 0.47 

60 0.46 0.52 0.46 0.45 

90 0.46 0.51 0.45 0.42 

120 0.42 0.48 0.45 0.42 

150 0.42 0.47 0.42 0.39 

180 0.39 0.44 0.42 0.36 

*= See Table 3.7 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.65: Flow index change for Formulation L 
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A Comparison between the flow index of the same formulations, with and without 

the presence of extract i.e. placebo and the active formulations, kept at four different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days, are shown in Figures 4.66-4.71. 

    

 

 

Figure 4.66: Comparison of flow indexes of primary emulsions A (Placebo) and C 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.67: Comparison of flow indexes of primary emulsions B (Placebo) and D 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.68: Comparison of flow indexes of multiple emulsions E (Placebo) and G 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.69: Comparison of flow indexes of multiple emulsions F (Placebo) and H 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.70: Comparison of flow indexes of multiple emulsions with carbopol, I 

(Placebo) and K (Active formulation) kept at four different storage conditions for 180 

days 
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Figure 4.71: Comparison of flow indexes of multiple emulsions with carbopol, K 

(Placebo) and L (Active formulation) kept at four different storage conditions for 180 

days 
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Figures 4.72-4.73 shows the comparison of flow indexes for active formulations 

of primary emulsion, multiple emulsion and multiple emulsion with carbopol, kept at 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days.  

 

 

 

Figure 4.72: Comparison of flow indexes of active formulations C (primary emulsion), 

G (multiple emulsion) and K (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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Figure 4.73: Comparison of flow indexes of active formulations D (primary emulsion), 

H (multiple emulsion) and L (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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4.8.3 Droplet size and size distribution 

Microscopic evaluation was performed to determine the droplet size and size 

distribution of the internal phase of all of the formulations prepared. Figures 4.74-4.85 

shows the droplets of the internal phase taken at the time of preparation of formulations. 

Table 4.53 presents the initial and final internal globule size of all the prepared 

formulations and Figures 4.86-4.88 represents the change in the globule size of the 

internal phase with the passage of time kept at four different storage conditions i.e. 8 

±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% RH (4), for 180 days.  

Table 4.53: Change in globule size (µm) of the prepared formulations 

Sr.# Formulation Day(s) 8 ±1 ºC 25 ±1 ºC 40 ±1 ºC 
40±1ºC+ 

75%RH 

1.  A 
0 1.024±0.015 1.024±0.015 1.024±0.015 1.024±0.015 

180 1.668±0.023 1.843±0.018 1.914±0.013 2.054±0.017 

2.  B 
0 1.031±0.021 1.031±0.021 1.031±0.021 1.031±0.021 

180 1.796±0.012 1.749±0.018 1.820±0.024 1.941±0.012 

3.  C 
0 1.032±0.014 1.032±0.014 1.032±0.014 1.032±0.014 

180 1.781±0.017 1.947±0.022 2.011±0.021 2.106±0.011 

4.  
D 

0 1.022±0.024 1.022±0.024 1.022±0.024 1.022±0.024 

180 1.658±0.031 1.726±0.019 1.787±0.028 2.022±0.032 

5.  
E 

0 9.261±3.14 9.261±3.14 9.261±3.14 9.261±3.14 

180 10.566±2.21 11.438±1.24 11.842±2.26 12.694±1.15 

6.  
F 

0 9.174±2.29 9.174±2.29 9.174±2.29 9.174±2.29 

180 10.592±2.42 11.721±1.16 11.93±2.37 12.388±2.37 

7.  
G 

0 9.132±3.34 9.132±3.34 9.132±3.34 9.132±3.34 

180 10.247±2.41 11.279±1.31 11.681±2.41 12.618±3.18 

8.  
H 

0 9.342±3.17 9.342±3.17 9.342±3.17 9.342±3.17 

180 10.786±1.27 11.936±2.41 12.369±1.48 12.794±1.41 

9.  
I 

0 9.415±2.34 9.415±2.34 9.415±2.34 9.415±2.34 

180 10.145±3.19 11.260±3.16 11.668±2.17 12.497±0.42 

10.  
J 

0 11.249±1.92 11.249±1.92 11.249±1.92 11.249±1.92 

180 12.346±3.16 12.127±1.89 13.012±1.31 13.367±2.37 

11.  
K 

0 9.246±1.35 9.246±1.35 9.246±1.35 9.246±1.35 

180 9.982±1.12 11.041±2.34 11.435±2.42 12.415±3.18 

12.  
L 

0 9.647±2.01 9.647±2.01 9.647±2.01 9.647±2.01 

180 10.216±2.26 11.528±2.18 11.939±3.14 12.796±2.44 

 

 



152 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.74: Microscopic image of formulation A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.75: Microscopic image of formulation B 



153 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.76: Microscopic image of formulation C 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.77: Microscopic image of formulation D 
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Figure 4.78: Microscopic image of formulation E 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.79: Microscopic image of formulation F 
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Figure 4.80: Microscopic image of formulation G 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.81: Microscopic image of formulation H 
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Figure 4.82: Microscopic image of formulation I 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.83: Microscopic image of formulation J 
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Figure 4.84: Microscopic image of formulation K 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.85: Microscopic image of formulation L 
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Figure 4.86: Globule size change for primary emulsions A, B, C and D 
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Figure 4.87: Globule size change for multiple emulsions E, F, G and H 
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Figure 4.88: Globule size change for multiple emulsions with carbopol I, J, K and L 
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A Comparison between the globule size of the same formulations, with and 

without the presence of extract i.e. placebo and the active formulations, kept at four 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days, are shown in Figures 4.89-4.94. 

 

 

Figure 4.89: Comparison of globule size of primary emulsions A (Placebo) and C 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.90: Comparison of globule size of primary emulsions B (Placebo) and D 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.91: Comparison of globule size of multiple emulsions E (Placebo) and G 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.92: Comparison of globule size of multiple emulsions F (Placebo) and H 

(Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.93: Comparison of globule size of multiple emulsions with carbopol I 

(Placebo) and K (Active formulation) kept at four different storage conditions for 180 

days 
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Figure 4.94: Comparison of globule size of multiple emulsions with carbopol J 

(Placebo) and L (Active formulation) kept at four different storage conditions for 180 

days 
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Figures 4.95-4.96 shows the comparison of globule size for active formulations 

of multiple emulsion and multiple emulsion with carbopol, kept at different storage 

conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% RH 

(4), for 180 days. The globule size for the primary emulsion is not compared. 

 

Figure 4.95: Comparison of globule size of active formulations G (multiple emulsion) 

and K (multiple emulsion with carbopol) kept at four different storage conditions for 

180 days 
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Figure 4.96: Comparison of globule size of active formulations H (multiple emulsion) 

and L (multiple emulsion with carbopol) kept at four different storage conditions for 

180 days 
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4.8.4 pH determination 

Measurements of pH was done for all the prepared formulations. Table 4.54 

presents the initial and final pH values of all the prepared formulations and Figures 

4.97-4.99 represents the change in the pH with the passage of time kept at four different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days.  

Table 4.54: Change in pH of the prepared formulations 

Sr.# Formulation Day(s) 8 ±1 ºC 25 ±1 ºC 40 ±1 ºC 
40±1ºC+ 

75%RH 

1.  A 
0 6.57 6.57 6.57 6.57 

180 6.47 6.48 6.48 6.50 

2.  B 
0 6.58 6.58 6.58 6.58 

180 6.50 6.52 6.52 6.51 

3.  C 
0 6.74 6.74 6.74 6.74 

180 6.65 6.67 6.66 6.68 

4.  
D 

0 6.79 6.79 6.79 6.79 

180 6.71 6.70 6.72 6.68 

5.  
E 

0 6.87 6.87 6.87 6.87 

180 6.78 6.77 6.79 6.76 

6.  
F 

0 6.87 6.87 6.87 6.87 

180 6.81 6.79 6.81 6.79 

7.  
G 

0 6.78 6.78 6.78 6.78 

180 6.73 6.71 6.72 6.69 

8.  
H 

0 6.83 6.83 6.83 6.83 

180 6.75 6.74 6.75 6.71 

9.  
I 

0 6.87 6.87 6.87 6.87 

180 6.93 6.95 6.93 6.95 

10.  
J 

0 6.87 6.87 6.87 6.87 

180 6.92 6.94 6.95 6.93 

11.  
K 

0 6.85 6.85 6.85 6.85 

180 6.98 6.92 6.95 6.95 

12.  
L 

0 6.93 6.93 6.93 6.93 

180 7.02 6.98 7.01 6.98 
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Figure 4.97: pH change for primary emulsions A, B, C and D 
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Figure 4.98: pH change for multiple emulsions E, F, G and H 
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Figure 4.99: pH change for multiple emulsions with carbopol I, J, K and L 
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A Comparison between the pH of the same formulations, with and without the 

presence of extract i.e. placebo and the active formulations, kept at four different 

storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC with 75 ±1% 

RH (4), for 180 days, are shown in Figures 4.100-4.105. 

 

 

 

Figure 4.100: Comparison of pH of primary emulsions A (Placebo) and C (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.101: Comparison of pH of primary emulsions B (Placebo) and D (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.102: Comparison of pH of multiple emulsions E (Placebo) and G (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.103: Comparison of pH of multiple emulsions F (Placebo) and H (Active 

formulation) kept at four different storage conditions for 180 days 
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Figure 4.104: Comparison of pH of multiple emulsions with carbopol I (Placebo) and 

K (Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.105: Comparison of pH of multiple emulsions with carbopol J (Placebo) and 

L (Active formulation) kept at four different storage conditions for 180 days 
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Figures 4.106-4.107 shows the comparison of pH for active formulations of 

primary emulsion, multiple emulsion and multiple emulsion with carbopol, kept at 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days. 

 

 

Figure 4.106: Comparison of pH of active formulations C (primary emulsion), G 

(multiple emulsion) and K (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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Figure 4.107: Comparison of pH of active formulations D (primary emulsion), H 

(multiple emulsion) and L (multiple emulsion with carbopol) kept at four different 

storage conditions for 180 days 
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4.8.5 Electrical Conductivity 

Measurements of electrical conductivity was done only for multiple emulsions 

because primary emulsion had oil as external phase which gives no electrical 

conductivity. Conductivity was measured as micro Siemens/centi-meter or µS/cm. 

Electrical conductivity of 0.7% magnesium sulphate was found to be 843 ± 5.48. Table 

4.55 presents the initial and final electrical conductivity (µS/cm) values of multiple 

emulsions and Figures 4.107-4.108 represents the change in the pH with the passage 

of time kept at four different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC 

(3) and 40 ±1 ºC with 75 ±1% RH (4), for 180 days.  

Table 4.55: Change in electrical conductivity (µS/cm) of the prepared formulations 

Sr.# Formulation Day(s) 8 ±1 ºC 25 ±1 ºC 40 ±1 ºC 
40±1ºC+ 

75%RH 

1.  A 
0 -- -- -- -- 

180 -- -- -- -- 

2.  B 
0 -- -- -- -- 

180 -- -- -- -- 

3.  C 
0 -- -- -- -- 

180 -- -- -- -- 

4.  
D 

0 -- -- -- -- 

180 -- -- -- -- 

5.  
E 

0 3.7 3.7 3.7 3.7 

180 6.6 4.9 7.6 8.5 

6.  
F 

0 4.2 4.2 4.2 4.2 

180 7.1 7.9 7.9 9.4 

7.  
G 

0 3.9 3.9 3.9 3.9 

180 6.2 6.7 8.2 9.7 

8.  
H 

0 4.6 4.6 4.6 4.6 

180 7.3 7.0 8.1 10.2 

9.  
I 

0 3.5 3.5 3.5 3.5 

180 5.4 5.7 6.9 7.3 

10.  
J 

0 4.2 4.2 4.2 4.2 

180 6.6 6.1 7.4 8.6 

11.  
K 

0 3.7 3.7 3.7 3.7 

180 5.9 6.3 7.6 8.6 

12.  
L 

0 4.3 4.3 4.3 4.3 

180 6.5 6.7 7.6 9.3 

Formulations A-D showed no electrical conductivity because of oil as the external 

phase 



182 

 

 

Figure 4.108: Electrical conductivity change for multiple emulsions E, F, G and H 
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Figure 4.109: Electrical conductivity change for multiple emulsions E, F, G and H 
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A Comparison between the electrical conductivity of the same formulations, with 

and without the presence of extract i.e. placebo and the active formulations, kept at four 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days, are shown in Figures 4.109-4.112. 

Figure 4.110: Comparison of electrical conductivity of multiple emulsions E (Placebo) 

and G (Active formulation) kept at four different storage conditions for 180 days 
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Figure 4.111: Comparison of electrical conductivity of multiple emulsions F (Placebo) 

and H (Active formulation) kept at four different storage conditions for 180 day 
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Figure 4.112: Comparison of electrical conductivity of multiple emulsions with 

carbopol I (Placebo) and K (Active formulation) kept at four different storage 

conditions for 180 day 

 

 

  



187 

 

  

 

 

Figure 4.113: Comparison of electrical conductivity of multiple emulsions with 

carbopol J (Placebo) and L (Active formulation) kept at four different storage 

conditions for 180 day 
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Figures 4.113-4.114 shows the comparison of electrical conductivity for active 

formulations of multiple emulsion and multiple emulsion with carbopol, kept at 

different storage conditions i.e. 8 ±1 ºC (1), 25 ±1 ºC (2), 40 ±1 ºC (3) and 40 ±1 ºC 

with 75 ±1% RH (4), for 180 days. 

Figure 4.114: Comparison of electrical conductivity of active formulations G (multiple 

emulsion) and K (multiple emulsion with carbopol) kept at four different storage 

conditions for 180 days 
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Figure 4.115: Comparison of electrical conductivity of active formulations H (multiple 

emulsion) and L (multiple emulsion with carbopol) kept at four different storage 

conditions for 180 days 
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4.8.6 Centrifugation analysis 

Tables 4.56-4.67 represents the results of centrifugation analysis of all the 

prepared formulations kept at four different storage conditions for a period of 180 days. 

Table 4.56: Centrifugation Analysis of Formulation A* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.57: Centrifugation Analysis of Formulation B* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S + 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.58: Centrifugation Analysis of Formulation C* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 
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Table 4.59: Centrifugation Analysis of Formulation D* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S + 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.60: Centrifugation Analysis of Formulation E* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S + 

25 ºC S S S S S S S S + 

40 ºC S S S S S S S S + 

40 ºC 75% RH S S S S S S S + + 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.61: Centrifugation Analysis of Formulation F* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S + 

25 ºC S S S S S S S S + 

40 ºC S S S S S S S + + 

40 ºC 75% RH S S S S S S S + ++ 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.62: Centrifugation Analysis of Formulation G* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S + 

25 ºC S S S S S S S S + 

40 ºC S S S S S S S S + 

40 ºC 75% RH S S S S S S S + ++ 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 
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Table 4.63: Centrifugation Analysis of Formulation H* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S + 

25 ºC S S S S S S S S + 

40 ºC S S S S S S S + + 

40 ºC 75% RH S S S S S S S + ++ 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.64: Centrifugation Analysis of Formulation I* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.65: Centrifugation Analysis of Formulation J* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

Table 4.66: Centrifugation Analysis of Formulation K* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 
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Table 4.67: Centrifugation Analysis of Formulation L* kept at different storage 

conditions for 180 days 

Storage Condition 0 1 7 28 60 90 120 150 180 

8 ºC S S S S S S S S S 

25 ºC S S S S S S S S S 

40 ºC S S S S S S S S S 

40 ºC 75% RH S S S S S S S S S 

*= See Table 3.7, S= Stable, += slight change, ++= moderate change 

 

4.9 Sensory evaluation 

Sensory evaluation was performed only for the two formulations i.e. formulation 

K and L. These two formulations were further investigated for in-vivo evaluation on 

human skin. Results are shown in Figure 4.115. No graphical representation for skin 

irritation was developed as no skin irritation was reported. 

 

 

 

Figure 4.116: Discriminative sensory evaluation of Formulation K and L 
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4.10 In-vitro sun protection factor 

It is a quantitative measurement method. It is used to evaluate the effectiveness 

of a skin product against a wide range of UV-radiations. The results decides whether 

the said product can be used as a sunscreen or not.  

SPF of the formulation K and L was determined initially and after 180 days kept 

at four different storage conditions. Results are shown in Table 4.68. 

 

Table 4.68: Sun protection factor 

Storage 

Conditions 
Day(s) 

Formulation K Formulation L 

SPF SPF 

8°C 
0 

180 

3.93 ±0.19 

3.82 ±0.24 

3.85 ±0.12 

3.85 ±0.17 

25°C 
0 

180 

3.93 ±0.19 

3.87 ±0.11 

3.85 ±0.12 

3.82 ±0.14 

40°C 
0 

180 

3.93 ±0.19 

3.88 ±0.21 

3.85 ±0.12 

3.94 ±0.08 

40°C + 75% RH 
0 

180 

3.93 ±0.19 

3.87 ±0.14 

3.85 ±0.12 

3.83 ±0.14 

 

4.11 Non-invasive in-vivo analysis 

Non-invasive in-vivo analysis was performed for multiple emulsion with carbopol 

loaded with extract of S. china (formulation K) and S. indicus (formulation L). 

4.11.1 Biosafety study (Rabbit skin irritation test) 

Three rabbits for each of the formulation were taken. The formulations were 

applied on rabbit’s trunk after removing the hairs. None of the rabbits showed any sign 

of skin irritation after observing for 3 days. 

4.11.2 Human skin irritation by patch test 

The results showed no skin irritation or any kind of skin allergy in any of the 

volunteers that participated in this study by the application of the active formulations 

as well as the placebos. Results are shown in Figure 4.116 as the percentage change 

after the applying the placebo and the formulation with active ingredient. 
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Figure 4.117: Patch Test 

4.11.3 Assessment of skin erythema and melanin level 

Erythema and melanin index were calculated using Mexameter®. Readings were 

taken at regular intervals i.e. before application and then at 2nd, 4th, 6th, 8th, 10th and 12th 

week. Percentage change for skin erythema and melanin for both formulations is shown 

is Figures 4.117-4.118. 

  

Figure 4.118: Skin erythema index 
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Figure 4.119: Skin melanin index 

4.11.4 Assessment of skin hydration level 

 Figure 4.119 shows the results for skin hydration after the application of the 

formulations. 

 

Figure 4.120: Skin hydration index 
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4.11.5 Assessment of skin elasticity 

Figure 4.120 shows the effects of the formulation on human skin elasticity when 

applied for 12 week. 

 

Figure 4.121: Skin elasticity index 

4.11.6 Assessment of skin sebum level 

Skin sebum levels were measured and the change is shown in Figure 4.121 in the 

form of percentage change after the application of formulations for 12 weeks. 

 

Figure 4.122: Skin sebum index 
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4.11.7 Surface evaluation of living skin 

Skin small and large pores were observed and also skin was observed for spots 

and wrinkles. Figures 4.122-4.124 represents skin small pores, large pores and skin 

spots respectively, as percentage change, before and after the application of 

formulations. As the volunteers were all in young age, so no skin wrinkles were present. 

 

Figure 4.123: Skin small pores index 

 

Figure 4.124: Skin large pores index 
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Figure 4.125: Skin spots index 

4.11.8 Skin elasticity measurements using Cutometer® 

Figures 4.125-4.128 shows four elasticity relative parameters (R2, R5, R6 and 

R7) for both formulations when used for 12 weeks by the volunteers.  

 

Figure 4.126: Skin elasticity R2 index 
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Figure 4.127: Skin elasticity R5 index 

 

 

Figure 4.128: Skin elasticity R6 index 
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Figure 4.129: Skin elasticity R7 index 
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5.1 Total phenolic content 

Phenolic compounds are very important compounds that are present in plants. 

These are secondary metabolites and are defensive compounds for the plants. These are 

excellent antioxidants, i.e. singlet oxygen quenchers and donors of hydrogen ions. Their 

antioxidant ability attracts them for their medicinal use. They also possess anti-

inflammatory action as well (Chandra et al., 2014). Using gallic acid as standard, a 

regression line was developed (y = 0.0043x+0.1919, R2 0.9965) as shown in Figure 

4.1, and the TPC was calculated for the extracts and fractions as well. Results are shown 

in Table 4.2. Which indicate that both methanolic extracts of both S. china and S. 

indicus are rich in phenolic contents i.e. 73.89 ±0.32 mg GAE/g E and 94.07 ±0.28 mg 

GAE/g E respectively. But is case of fractions, ethyl acetate fraction of S. china showed 

better results, i.e. 101.81 ±0.13 mg GAE/g E as compared to that of its methanolic 

extract. Lowest value was shown by n-Hexane fraction of its extract. Ethyl acetate 

fraction showing the highest quantities for TPC is similar as investigated by Jeong et 

al. (Jeong et al., 2013). While none of the fractions of S. indicus showed more value for 

TPC than that of its methanolic extract. The lowest value for TPC is given by n-Hexane 

faction. In a previous study, methanolic extract has been termed as bioactive when 

compared to its fractions in various solvents (Bafna and Mishra, 2006). 

Ethyl acetate fraction of S. china and methanolic extract of S.indicus showing 

highest values for TPC than other fractions, might be due to the more polar nature of 

phenolic contents (Chavan et al., 2013). 

5.2 Total flavonoid content 

Flavonoids are polyphenols that are the colour producing pigments in the plants. 

These are also excellent antioxidants and play major role in plant defence system 

(Rebaya et al., 2014). Flavonoids are the most researched plant polyphenols and up till 

more than four thousand flavonoids have been identified and isolated. These are further 

studied for their potential biological actions in human beings (Pandey and Rizvi, 2009). 

Quercetin was used as standard and regression curve equation (y = 0.0088x+0.1127, R2 

0.9964) was obtained as shown in Figure 4.2. TFC was calculated for the S. china and 

S. indicus extracts and their fractions. Results are shown in Table 4.3.  
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Like TPC, the ethyl acetate fraction of S. china showed the highest value for TFC 

as well i.e. 96.8 ±0.39 mg QE/g E, and lowest value was shown by n-Hexane fraction 

i.e. 41.71 ±0.35 mg QE/g E. Studies show the presence of flavonoids not only in the 

roots of S. china, but also in other parts of the plant as well (Kang et al., 2013; Shao et 

al., 2007; Vijayalakshmi et al., 2012). The methanolic extract of S. indicus also showed 

the highest values for TFC i.e. 78.7 ±0.67 mg QE/g E and the lowest value for TFC 

were shown by n-Butanol fraction i.e. 37.22 ±0.53 mg QE/g E. A number of studies 

indicate the presence of medicinally important flavonoids in S. indicus (Mahajan et al., 

2015). 

5.3 Antioxidant activity 

Free radicals and oxidative stress are factors associated with the onset and 

progression of a number of diseases that include respiratory, neurological disorders and 

also leads to the development of various types of cancers in the human body (Birben et 

al., 2012). Due to lesser side effects, natural antioxidants are getting more attention and 

becoming popular (Ratnam et al., 2006). An increasing interest has also been observed 

for the use of natural antioxidants in food, pharmaceuticals and also in the cosmetic 

industry (Prieto et al., 1999) 

AO activity of both S. china and S. indicus extracts and fractions was done by 

four methods as follows; 

5.3.1 Free radical scavenging activity by DPPH method 

Among all the methods employed to determine the AO activity, DPPH method is 

widely used (Aksoy et al., 2013). Results of antioxidant activity by DPPH method are 

shown in Table 4.4 as percentage inhibition along with IC50 values. In Table 4.5, 

results are expressed as Trolox equivalent for the extracts and their fractions. 

S. china results indicates that the maximum antioxidant activity is shown by ethyl 

acetate fraction i.e. 82.51 ±0.18% with IC50 of 104.45 ±0.18 µg. This high value is due to 

the high amount of phenols and flavonoids in this fraction. Similarly, lowest antioxidant 

activity is shown by n-Hexane fraction because of lower quantities of phenolic and 

flavonoid compounds. Similar results are obtained using trolox as standard. The highest 

values were obtained by ethyl acetate fraction i.e. 245.94 ±0.58 mg TE/g E and lowest by 
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n-Hexane fraction i.e. 34.87 ±2.08 mg TE/g E. Another study also shows similar results 

of S. china extract and its fractions {Jeong, 2013 #479}. 

Results of S. indicus indicates that the maximum activity is shown by methanolic 

extract i.e. 83.49 ±0.24% with IC50 of 118.87 ±0.49 µg, while the lowest AO activity is 

shown by n-Hexane fraction i.e. 46.21 ±0.09 %. This is because the methanolic extract 

showed the maximum quantity of phenolic compounds among all the fractions while 

the n-Hexane fraction showed the lowest amount of TPC. When calculated as trolox 

equivalent, similar results were obtained i.e. highest value of 235.66 ±2.71 mg TE/g E 

was given by methanolic extract while lowest value was shown by n-Hexane fraction 

i.e. 14.74 ±3.62 mg TE/g E. similar studies also shows that methanolic extract of S. 

indicus flowers have excellent antioxidant activity (Shirwaikar et al., 2006; Galani et 

al., 2010; Kavitha and Satish, 2015). 

5.3.2 ABTS radical cation scavenging activity 

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) or ABTS assay was used 

to determine the AO activities of plant extracts and their different fractions. Results 

obtained were expressed as mg trolox equivalent per gram of extract. Results for both 

the extracts and their fractions are presented in Table 4.6. 

Ethyl acetate fraction of S. china displayed the highest value for ABTS activity 

i.e. 336.97 ±13.97 mg TE/g E and lowest value was exhibited by n-Hexane fraction i.e. 

26.15 ±1.23 mg TE/g E. Again, because of the greater amounts of TPC and TFC present 

in the ethyl acetate fraction as compared to that of in n-Hexane fraction. Similar results 

were also obtained in another study of S. indicus (Jeong et al., 2013). 

S. indicus extract and fraction also showed the same trend in ABTS activity. The 

highest value of ABTS activity was given by methanolic extract i.e. 206.81 ±4.41 mg 

TE/g E and n-Hexane and benzene faction showed no-activity. This is also because 

methanolic extract of S. indicus showed highest quantities of phenolic and flavonoid 

contents. Another study also presented that the methanolic extract of S. indicus gives 

excellent ABTS activity (Kavitha and Satish, 2015).  
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5.3.3 Cupric reducing antioxidant capacity (CUPRAC) assay 

Results of CUPRAC assay are presented in Table 4.7. Similar results were 

obtained, as were from DPPH assay and ABTS assay. For S. china, ethyl acetate 

fraction showed the maximum activity for CUPRAC assay i.e. 503.31 ±0.34 mg TE/g 

E, while the lowest value was given by the n-Hexane fraction i.e. 160.45 ±0.61 mg TE/g 

E. These results are again probably due to the presence of phenolic compounds and 

flavonoid compounds, as they are more in EA fraction as compared to that of n-Hexane. 

Another study also showed that ethyl acetate fraction of S. china root extract showed 

higher reducing activity, among other fractions (Jeong et al., 2013). 

S. indicus also showed the same pattern of results as that of DPPH and ABTS 

assay. The highest value of CUPRAC assay was obtained by methanolic extract i.e. 

458.2 ±6.31 mg TE/g E, while the lowest was exhibited by n-Hexane and benzene 

fractions i.e. 120.68 ±6.77 mg TE/g E and 115.33 ±1.63 mg TE/g E respectively. This 

might be due to the phenolic compounds present in the extract and in the fractions, as 

the methanolic extract showed the highest amount for phenolic and flavonoid contents. 

5.3.4 Ferric reducing antioxidant power (FRAP) assay 

It is another method employed to investigate the reducing activity of the extracts 

and their fractions. Results are presented in Table 4.8. Similar trend is observed in this 

assay as well. For S. china, EA fraction showed highest reducing activity i.e. 365.14 

±5.45 mg TE/g E and n-Hexane fraction showed the lowest reducing activity i.e. 97.7 

±3.88 mg TE/g E. Similar results were shown by FRAP assay when different fraction 

of S. china were analysed (Jeong et al., 2013). 

S. indicus also showed the same pattern, highest reducing activity was shown by 

methanolic extract i.e. 241.28 ±1.63 mg TE/g E, while the lowest activity was given by 

n-Hexane fraction i.e. 55.79 ±0.04 mg TE/g E. This might be due to the presence of 

more TPC and TFC in the methanolic extract as compared to that of other fractions. 

Another study also reveals that the methanolic extract of S. indicus provides very good 

reducing activity by FRAP method (Kavitha and Satish, 2015). 

5.4 Mushroom Tyrosinase inhibition assay 

Tyrosinase is an enzyme that is present in animals and plants. In humans, it is 

intricate in the synthesis of melanin in skin that gives a dark colour to the skin and 
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protects the skin from UV radiation damage. In plants, this enzyme is involved in the 

defence mechanism against cellular injury and bacterial infestation (Ullah et al., 2016). 

Results of mushroom tyrosinase inhibition are presented in Table 4.9, both as 

percentage inhibition at a concentration of 0.5mg/ml and as mg of Kojic acid equivalent 

/gram of extract. 

For S. china root extract and various fractions, the ethyl acetate fraction showed 

highest enzyme inhibition i.e. 81.3 ±0.41% and 97.09 ±2.38 mg KAE/g E. Comparable 

results were also obtained in another study (Liang et al., 2012). 

Methanolic extract and EA fraction of S. indicus flowers displayed the highest 

enzyme inhibition i.e. 83.18 ±2.16%, 99.99 ±1.77 mg KAE/g E and 86.13 ±2.81%, 

102.21 ±3.14 mg KAE/g E respectively. These activities are due to the presence of 

phenolic and flavonoid compounds, as these can also have inhibitory effects on 

tyrosinase (Alam et al., 2012). 

5.5 HPLC analysis 

High performance liquid chromatography is a highly sensitive and selective 

method and that is why it has become popular for quantitative and qualitative analysis 

of plant extracted compounds, particularly phenolics (Stefova et al., 2003). Different 

phenolic compounds have different polarities and based on this phenomenon, plant 

derived phenolic compounds are separated using gradient elution system of mobile 

phase (Jandera et al., 2005). Result for HPLC analysis are shown in Table 4.10 and 

4.11 for SC and SI respectively. Chromatogram of 20 phenolic compounds is presented 

in Figure 4.3. While the chromatograms for SC extract and its fractions are shown in 

Figures 4.4-4.49. Chromatograms for SI extract and its fractions are shown in Figures 

4.10-4.13. 

HPLC analysis of SC extract and its fractions shows the presence of 13 phenolic 

compounds out of 20 standard analysed. The highest amount of phenolic compounds 

was found in the EA fraction which also showed the highest value for TPC and TFC 

contents. High amount of gallic acid (13.26 ±1.24 µg/mg) was detected in ethyl acetate 

fraction which also justifies its high activities for DDPH, ABTS, CUPRAC and FRAP 

assays, as gallic acid is a strong antioxidant compound (Yen et al., 2002). Mushroom 

tyrosinase inhibition was also shown to be highest of EA fraction among the extract 

and other fraction, this may also be due to the presence of gallic acid as a study suggests 
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that gallic acid has stronger tyrosinase inhibition as compared to that of kojic acid (Kim, 

2007). 

HPLC analysis of SI extract and its fractions shows the presence of nine phenolic 

compounds out of the 20 phenolic standards analysed. Like TPC and TFC, highest 

quantity of phenolic compounds was found in the methanolic extract. Methanolic 

extract showed high amounts of Rutin (quercetin-3-rhamnosyl glucoside) i.e. 6.45 

±0.68 µg/mg and Naringenin (trihydroxyflavanone) i.e. 3.82 ±1.02 µg/mg. Rutin has 

been found to be a strong antioxidant flavonoid (Yang et al., 2008). Naringenin has also 

been reported to be a strong antioxidant (Cavia‐Saiz et al., 2010). That is why the 

methanolic extract of SI showed the highest values for DPPH, ABTS, CUPRAC and 

FRAP assays. A study also suggests that rutin has a strong tyrosinase inhibition 

potential (Si et al., 2012). Another study also shows the potential of naringenin to 

inhibit mushroom tyrosinase (Zheng et al., 2011). Both the compounds were detected 

in the methanolic extract and the methanolic extract showed high values for enzyme 

inhibition in this study as well. Ethyl acetate fraction of SI also showed high valued for 

mushroom tyrosinase inhibition and that might be because of the presence of 

chlorogenic acid (2.58 ±0.99 µg/mg), a potent tyrosinase inhibitor (Bandyopadhyay et 

al., 2004). 

5.6 UHP-LCMS analysis 

Ultra-high purity liquid chromatography mass spectrometry was performed for 

the methanolic extract of both the plants and their one most active fraction to identify 

the compounds that are present and responsible for its activity. 

5.6.1 UHP-LCMS analysis for S. china methanolic extract and its ethyl acetate 

fraction 

Methanolic extract of SC showed the presence of 106 identified and un-identified 

compounds. Out of these 106, compounds shown in Table 5.1 are present in plants and 

also classified into their chemical class. 
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Table 5.1: Possible identified compounds in SC methanolic extract 

Cpd 
Possible 

Compund Name 

Class of 

Compound 

Molecular 

Formula 

Molecular 

Mass 

TR 

(Min) 

Base Peak 

(m/z) 

Hits 

(DB) 

1 Theobromine Alkaloid C7H8N4O2 180.07 0.623 179.06 3 

2 

2,4,6-

Trihydroxybenzoic 

acid Phenol C12H14O5 238.08 8.463 169.01 3 

 

Ethyl acetate fraction of SC extract showed the presence of 82 identified and un-

identified compounds. Out of these 82, compounds shown in Table 5.2 are present in 

plants and also classified into their chemical class. 

Table 5.2: Possible identified compounds in SC ethyl acetate fraction 

Cpd 
Possible 

Compund Name 

Class of 

Compound 

Molecular 

Formula 

Molecular 

Mass 

TR 

(Min) 

Base Peak 

(m/z) 

Hits 

(DB) 

1 
p-Salicylic acid 

Alpha 

hydroxy acid C7H6O3 138.03 5.754 137.025 9 

2 Digallate Phenol C14H10O9 322.03 7.376 321.026 1 

3 Scopolin 
Phenolic 

Glycoside 
C16H18O9 

354.1 9.007 353.088 9 

4 

8-

Hydroxygalangin 

3-methyl ether 8-

methylbutyrate Flavonoid C21H20O7 384.12 11.464 383.114 10 

5 
Isovalerylglutamic 

acid 

Alpha amino 

acid C10H17NO5 231.11 2.086 230.1 3 

6 

3,4-

Dihydroxybenzoic 

acid Phenol C7H6O4 154.03 2.333 153.02 7 

7 

2,4,6-

Trihydroxybenzoic 

acid Phenol C7H6O5 170.02 1.518 169.015 3 

 

5.6.2 UHP-LCMS analysis for S. indicus methanolic extract and its ethyl acetate 

fraction 

Methanolic extract of SI showed the presence of 161 identified and un-identified 

compounds. Out of these 161, compounds shown in Table 5.3 are present in plants and 

also classified into their chemical class. 

Table 5.3: Possible identified compounds in SI methanolic extract 

Cpd 
Possible Compund 

Name 

Class of 

Compound 

Molecular 

Formula 

Molecular 

Mass 

TR 

(Min) 

Base 

Peak 

(m/z) 

Hits 

(DB) 

1 
3,4-Dihydroxybenzoic 

acid Phenol C7H6O4 154.027 3.179 153.019 7 

2 
2,4,6-Trihydroxybenzoic 

acid Phenol C7H6O5 170.022 1.557 169.015 3 
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3 7,8-Dihydroxycoumarin Flavonoid C9H6O4 178.027 7.454 177.019 5 

4 Quinic acid Phenol C7H12O6 192.06 0.665 191.056 3 

5 Ferulic acid Phenol C10H10O4 194.059 9.833 193.051 10 

6 L-Galactose Carbohydrate C6H12O6 180.063 0.624 215.032 10 

7 
2,3',4,6-Tetrahydroxy- 

benzophenone Xanthones C13H10O5 246.05 0.692 245.044 4 

8 Absindiol Phenol C15H22O4 266.15 11.955 265.1449 10 

9 
9,16-dihydroxy-palmitic 

acid Fatty acid C16H32O4 288.23 11.756 287.22 6 

10 Gingerol Ketone C17H26O4 294.184 13.124 293.177 7 

11 Cinnamodial Sesquiterpene C17H24O5 308.163 11.951 307.155 5 

12 Vanilloloside Glycoside C14H20O8 316.117 7.228 315.11 2 

13 
5,8,12-trihydroxy-9-

octadecenoic acid Fatty acid C18H34O5 330.24 10.977 329.23 10 

14 
4-p-Coumaroylquinic 

acid Phenol C16H18O8 338.102 8.005 337.09 6 

15 Coriandrone D Phenol C18H24O8 352.15 11.537 351.15 1 

16 Syringin Phenol C17H24O9 372.14 7.819 371.135 2 

17 Agecorynin C Flavonoid C22H24O9 432.14 9.96 431.136 10 

18 
3'-(6''-Galloylglucosyl)-

phloroacetophenone Flavonoid C21H22O13 482.11 7.902 481.1 6 

19 
Formononetin 7-(6''-

methylmalonylglucoside) Flavonoid C26H26O12 530.14 9.778 529.14 7 

20 Moreollin Flavonoid C35H42O8 590.29 14.635 589.28 1 

21 Robinetin 3-rutinoside Flavonoid C27H30O16 610.15 8.722 609.15 10 

22 Tetracaffeoylquinic acid Phenol C43H36O18 840.19 10.882 839.18 1 

23 Thevetin B Glycoside C42H66O18 858.43 8.159 857.42 2 

24 Scopolin 
Phenolic 

Glycoside 
C16H18O9 

354.1 4.582 353.088 9 

 

Ethyl acetate fraction of SI extract showed the presence of 102 identified and un-

identified compounds. Out of these 102, compounds shown in Table 5.4 are present in 

plants and also classified into their chemical class. 

Table 5.4: Possible identified compounds in SI ethyl acetate fraction 

Cpd 
Possible Compund 

Name 

Class of 

Compound 

Molecular 

Formula 

Molecular 

Mass 

TR 

(Min) 

Base Peak 

(m/z) 

Hits 

(DB) 

1 

2,4,6-

Trihydroxybenzoic 

acid 

Phenol C7H6O5 170.022 1.543 169.015 3 

2 Theobromine Alkaloid C7H8N4O2 180.07 0.67 179.06 3 

3 Gingerol Ketone C17H26O4 294.184 13.123 293.177 7 

4 Vanilloloside Glycoside C14H20O8 316.12 7.223 315.11 2 

5 
Scopolin Phenolic 

Glycoside 

C16H18O9 354.1 4.498 353.088 9 

6 Syringin Phenol C17H24O9 372.14 7.816 371.135 2 

7 Lippioside I Phenol C25H30O13 538.16 0.653 537.16 1 

8 
10-

Acetoxyligustroside 

Phenol C27H34O14 582.19 0.872 581.19 1 

9 
Robinetin 3-

rutinoside 

Flavonoid C27H30O16 610.15 8.721 609.15 10 
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10 
Tetracaffeoylquinic 

acid 

Phenol C43H36O18 840.19 10.876 839.18 1 

11 Thevetin B Glycoside C42H66O18 858.43 8.157 857.42 2 

 

5.7 In-vitro evaluation of the developed formulations 

On the basis of chemical, enzymatic and HPLC analysis, ethyl acetate fraction of 

SC and methanolic extract of SI were used to develop a stable formulation. 

5.7.1 Organoleptic evaluation 

A number of environmental factors affect the stability of a topical dosage form. 

That is why, it is essential to perform the stability studies to ensure that the drug delivery 

system will be able to resist any change when exposed to environmental factors 

(Mohsin et al., 2016). Twelve formulations were developed as shown in Table 4.16 

and all were subjected to organoleptic evaluation. These formulations were kept at four 

different storage conditions i.e. 8 ±1, 25 ±1, 40 ±1 ºC and 40 ±1 ºC with 75 ±1% relative 

humidity (RH) for 180 days. Macroscopic evaluation was carried out for the fresh 

formulation and then after 1 day, 7, 14, 28, 60, 90, 120, 150 and 180 days. Observations 

were made for any type of change in their colour, odour, liquefaction and phase 

separation. Results are shown in Tables 4.17-4.28. These results showed that no 

significant change was observed in any of the parameters, however a slight liquefaction 

was observed when checked on the 180th day kept at 40 ±1 ºC with 75 ±1% RH, for the 

simple emulsions (formulations A-D), Tables 4.17-4.20. Moderate liquefaction was 

observed in the multiple emulsions (formulations E-H), Tables 4.21-4.24 kept at 40 ±1 

ºC with 75 ±1% RH, when checked on 180th day. While all the other parameters 

remained unchanged. However, multiple emulsions with gelling agent (Carbopol-934) 

(Formulations I-L), Tables 4.25-4.28 showed no change in any of the observed 

parameters when checked for 180 days at all the storage conditions. These formulations 

(I-L) had cosmetically appealing texture and appearance. 

In the simple emulsions, abil was used as an emulsifying agent. Stable W/O 

emulsions have previously been reported using abil as emulsifying agent (Kanouni et 

al., 2002; Mahmood and Akhtar, 2013b; Park et al., 2003). Multiple emulsions kept at 

40 ±1 ºC with 75 ±1% RH showed liquefaction when observed after six months. This 

is due to the nature of the multiple emulsion and the drawback associated with ME i.e. 

instability (Yaqoob Khan et al., 2006; Sinha and Kumar, 2002; Muschiolik, 2007). The 
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liquefaction observed might be due to the leakage of the internal aqueous globules into 

the external aqueous medium. High temperatures also result coalescence and leads 

towards emulsion instability (Gonçalves and Campos, 2009). However, as discussed 

earlier, gelling of multiple emulsion with aqueous medium as external phase, is a useful 

tool. The same is done in this work. Multiple emulsions were further stabilized by using 

carbopol-934. And these formulations showed no change throughout the study period. 

Formulations I-L were found stable, which might be due to thickness and increased 

viscosity of the gel external phase, as the gelling agent produces a three dimensional 

network that captures the globule of the internal phase. This results in the reduction of 

Brownian movement, which is a major cause of sedimentation and coalescence 

(Alexander et al., 2013). 

5.7.2 Rheological studies 

Rheological studies were performed for all the formulations (A-L). 

5.7.2.1 Rheograms of the prepared formulations 

Rheograms were obtained as shear rate (s-1) vs shear stress (dynes/cm2). Shear 

rate was increased gradually starting at 5 rpm to 50 rpm, with a difference of 5 rpm. 

Rheograms of each of the formulation (A-L) is presented in Figures 4.14-4.25. The 

results show that the shear stress is affected by the passage of time and also temperature 

affects the shear stress which can be observed in the rheograms. All the formulations 

shows the same trend i.e. there is a gradual decrease in the shear stress with the passage 

of time and this decrease is greater as the temperature increases. As discussed 

previously, high temperature can lead towards coalescence of the emulsions, which 

results in a decrease in the rheological parameters of the formulation (Gonçalves and 

Campos, 2009). Pseudo-plastic formulation with higher values of shear stress with 

same shear rate, is considered to be more stable (Miner, 2017). Formulations also show 

variation in the gradual decrease of shear stress. Simple emulsions (formulations A-D) 

show lesser decrease in shear stress as compared to that of ME (formulations E-H). 

While ME with C-934 showed least change in shear stress. This is again due to 

formation of three dimensional structure of the gelling agent that increases the viscosity 

of the formulation, increasing its stability (Alexander et al., 2013). 

Figures 4.26-4.31 shows a comparison of shear rate versus shear stress of the 

same formulation with and without the presence of the active ingredient (plant extract) 
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i.e. the placebo and the active formulation. This comparison was done to establish the 

effects of the plant extract on the formulation stability and to measure the difference, if 

any, between the placebo and the active formulation (Khan et al., 2015). Formulations 

A and C show a little difference in the results of the samples that were kept at 40 °C 

with 75% RH. And the active formulation showed better results as compared to that of 

the placebo. While all the other samples showed almost the same results. The 

formulations B and D also showed similar results with the samples placed at 40 °C and 

40 °C with 75% RH, which showed that the rheology of the active formulation was 

better that that of the placebo. Similar results were shown by the formulations E and G, 

except for the samples that were kept at 8 °C. Results showed that placebo remained 

more stable as compared to that of active formulation. Formulation F and H showed 

that the rheology of the placebo remained similar to the active formulation except for 

the samples that were kept at 40 °C with 75% RH, in which the active formulation 

remained more stable as compared to placebo. Formulation I and K showed a different 

pattern. The samples that were kept at 8 and 25 °C showed that the stability of active 

formulation was better than that of placebo, while in the remaining two storage 

conditions, stability remained the same. In formulation J and L, the stability of placebo 

was better than the active formulation only at 8 °C, while in the remaining three storage 

conditions, the stability of the active formulation was better than that of the placebo. 

Figures 4.32-4.33 shows a comparison of rheology of the active formulations of 

primary simple emulsion, multiple emulsion and multiple emulsion with C-934. 

Rheograms for SC formulations kept at four different storage conditions showed that 

the best stability was shown by the multiple emulsion with C-934, and the least stability 

was shown by multiple emulsion. Rheograms of SI formulations also showed that the 

best stability was shown by multiple emulsion with C-934, except for the sample kept 

at 40 °C with 75% RH, in which the primary emulsion remained more stable. While the 

least stability was shown by multiple emulsions. 

The results indicate that the multiple emulsions with C-934 were most stable 

among all the prepared formulations. The formulations with the active ingredient were 

found to be more stable as compared to their respective placebo formulations showing 

a little variation. 
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5.7.2.2 Viscosities of the prepared formulations 

Viscosity of the all the prepared formulation (A-L) was measured and the results 

are presented in Tables 4.25-4.36, which clearly shows that the viscosities of the 

multiple emulsions with C-934 and primary simple emulsions are higher than that of 

the multiple emulsions. Figures 4.34-4.45 shows the change in viscosities of all the 

formulations (A-L). The change in the viscosity is not significant during the study 

period. The decrease in viscosity is more in the samples that are kept at 40 °C and 40 

°C with 75% RH as compared to the samples that were kept at 8 and 25 °C. A similar 

phenomenon has also been previously reported (Jongjit and Kazuhiro, 2007). The 

results also indicates that the decline in viscosity is observed more in the multiple 

emulsions (E-H) as compared to that of the primary and multiple emulsions with C-934 

(formulation A-D and I-L). 

Figures 4.46-4.51 shows a comparison between the viscosities of the same 

formulations with and without the presence of the active ingredient (plant extract) i.e. 

the placebo and the active formulation. No significant difference in viscosity was 

observed for the primary emulsions A and C, B and D. For the multiple emulsions E 

and G. It was observed that the viscosity of placebo was better than that of the active 

formulation, but the decrease in viscosity with the passage of time was similar for both. 

Formulations F and H showed that the active formulation had better viscosity as 

compared to the placebo. But again, the change in viscosity was similar between both. 

Similarly, the MEs with C-934 showed the same behaviour. The formulations I and K 

showed that the viscosity of the placebo was better than that of the active formulation 

and the decrease in viscosity was similar for both. While the formulation K and L 

showed that the viscosity of the active formulation was better than that of the placebo 

and again the decrease in viscosity of both was similar with the passage of time. 

Figures 4.52-4.53 shows a comparison of viscosity of the active formulations i.e. 

PE, ME and ME with C-934, loaded with the plant extract. The results indicate that the 

primary emulsions had higher viscosity values while the multiple emulsion had lower 

viscosity. Viscosity is observed to be improved with the addition of gelling agent (C-

934). This shows that the viscosity is improved for multiple emulsions if gelling agent 

in used (Yaqoob Khan et al., 2006). The decrease pattern in viscosity was observed to 

be similar in all the formulations with the passage of time and was not remarkable. 
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On the basis of viscosity, it can be stated that the most stable were the primary 

emulsions, and multiple emulsions were least stable. But the addition of the gelling 

agent (C-934) increased the viscosity of the multiple emulsion and hence increased the 

stability. Addition of a gelling agent has been reported to improve the stability of a 

multiple emulsion (Oppermann et al., 2015; Gaonkar, 1994; Özer et al., 2000). 

 5.7.2.3 Flow index 

The flow curves of all the formulations (A-L) depicted them as non-Newtonian 

pseudo-plastic as all of them showed the value of flow index less than one (n<1). Flow 

index also known as power law or Ostwald’s model provides the information, whether 

the sample checked is plastic, pseudo-plastic or non-plastic in nature. The flow index 

is a representation of deviation from Newtonian behaviour. It can also be attributed as 

rate of change of polymeric structure with shear rate (Islam et al., 2004). 

The results for flow index for all the formulations (A-L) are shown in Tables 4.41-

4.42. The change in flow index is also presented in the Figures 4.54-4.63 for all the 

formulations. Results revealed that all the formulations (A-L) had flow index value of less 

than 1, meaning that these formulations are pseudo plastic in nature (Gonçalves and 

Campos, 2009). It has also been observed that a decrease in the flow index was observed 

in all of the formulations with the passage of time. This decrease in the flow index was 

more in the sampled kept at 40 °C and 40 °C with 75% RH as compared to the samples 

that were kept at 8 and 25 °C. However, the decrease in flow index was minor for all 

of the formulations (A-L). 

Figures 4.66-4.71 shows the comparison of the same formulations with and 

without the presence of the active ingredient (plant extract) i.e. the placebo and the 

active formulations. The change for all the formulations were minor, but show an 

abnormal behaviour with the passage of time. Some of the results show the same flow 

index value for both the placebo and the active formulations, while in some the change 

in flow index was not the same for the placebo and the active formulation.  

Figures 4.72-4.73 shows a comparison of flow index of the active formulations 

i.e. PE, ME and ME with C-934 loaded with the plant extracts. Results show that the 

flow index value is better for the simple emulsions, and are almost the same for ME 

and ME with C-934. However, it has been observed that with the passage of time the 

change in flow index is lesser for the MEs with C-934 as compared to that of the MEs. 
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On the basis of flow index, it can be stated that the PEs were the most stable while 

the MEs were least stable, but the addition of C-934 increased the stability of the MEs 

as also reported in other studies (Oppermann et al., 2015; Gaonkar, 1994; Özer et al., 

2000). 

5.7.3 Droplet size and size distribution 

Droplet size and size distribution of the internal phase of an emulsion are an 

important tool to analyse the stability (Vasiljević et al., 2009). An increase in the size 

of the internal phase globule leads towards the breakage of the emulsions (Floury et al., 

2000). The shape of the globules was found to be round for the primary emulsions and 

for the MEs and MEs with C-934, the globule shape was round to spherical. The shape 

of the globules remained the same throughout the investigation period of all the 

samples. The size distribution of the internal globules of all the formulations (A-L) is 

presented in Table 4.53. The globule size of the primary emulsions is almost ten times 

smaller than that of the MEs. A minor increase in the globule size was observed for all 

the formulations and the increase in size was not significant (p>0.05). The increase in 

size was greater for the MEs. 

Figures 4.89-4.94 shows a comparison of the same formulations with and without 

the presence of the active ingredient (plant extract) i.e. the placebo and the active 

formulations. Results showed that the size of the internal phase of formulations A-H 

was almost same with similar change when observed for 180 days. But the formulations 

I-L showed a different behaviour. The comparison between the formulations I and K 

showed that the globule size of the active formulation was better than that of the placebo 

and the increase in the size was observed to be similar. The comparison of formulations 

J and L showed that the globule size of the active formulation was better as compared 

to that of the placebo, but the increase in size was observed to be slightly more in the 

active formulation as compared to that of the placebo. The increase in size was found 

to be insignificant (p>0.05). 

Figures 4.95-4.96 shows a comparison of the active formulations of MEs and 

MEs with C-934 of both the plant extracts. The results show that initially the globule 

size for the formulations is same but the increase in size of the globules was observed 

more in the MEs and compared to MEs with C-934, except for the samples that were 
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kept at 40 °C with 75% RH, in which both the placebos and active formulations showed 

similar increase in the globule size of the internal phase. 

The results show that the formulations were found to be stable when analysed for 

droplet size and size distribution of the internal phase. The minor increase in the globule 

size of the formulations, specially kept at higher temperatures, might be due to 

coalescence of the globules (Bai and McClements, 2016). 

5.7.4 pH determination 

pH of skin has been found to be in the range of 4.0 to 7.0. It is very important for 

a topical preparation to have a pH in this range so that any type of skin irritation or skin 

damage can be avoided (Lambers et al., 2006). pH also affects the stability of the 

formulation. It affects the rheology of the formulation as well as physicochemical 

characteristics of the active constituents.  pH should be kept within limits so that 

degradation of the active constituents and instability of the formulation can be avoided 

(Chang et al., 2013). The pH of topical formulations should also be monitored to ensure 

that the constituents of the formulation are compatible with the active ingredient and 

with the skin (Korhonen et al., 2001). 

Results of pH change of all the formulations (A-L) are presented in Table 4.54 

and in Figures 4.97-4.99. The change in the pH is minor and statistically insignificant 

(p>0.05) for all the formulations. pH of all the formulations was in the acceptable range 

and remained in this range throughout the study period. The primary emulsions and 

multiple emulsions showed a slight decrease in the pH from its initial value, while the 

MEs with C-934 showed a slight increase in the pH with the passage of time. Change 

in pH was observed to be more in the samples kept at higher temperatures. As paraffin 

oil is used as the oil phase of the emulsion, higher temperatures cause its oxidation, 

which leads towards the formation of aldehydes and other acidic species and decreasing 

the pH of the system (Waqas et al., 2010). MEs with C-934 showed a slight increase in 

the pH, which might be due to the internal aqueous phase passing through the 

intermediate oil phase and into the external phase, making the external phase almost 

neutral. Also the oxidation of the oil phase might have been reduced as the external 

phase formed a three dimensional structure around the oil phase preventing it from any 

environmental effects. 
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Figures 4.100-4.105 shows a comparison of the same formulations with and 

without the presence of the active ingredient (plant extract) i.e. the placebo and the 

active formulations. It was observed, with a slight and insignificant (p>0.05) difference, 

that the pH of the active formulations was less acidic as compared to that of the placebo. 

The plant extracts are rich in phenolic compounds. So, theoretically, the pH of the active 

formulation should be more acidic. The observed results might be due to the oxidation 

of the paraffin oil, the external phase, as it is in contact with the external environment. 

The presence of antioxidants in the active formulation might also have prevented the 

oxidation in these formulations, resulting in less acidic pH. The comparison of the MEs 

and MEs with C-934 shows that, with a slight and insignificant difference, the pH of 

the active formulations is more acidic as compared to that of the placebo. This is 

because of the acidic nature of the phenolic compounds that are present in the plant 

extracts. 

Figures 4.106-4.107 shows a comparison of the active formulations of MEs and 

MEs with C-934 of both the plant extracts. It was observed that the change in pH of all 

the active formulation is insignificant (p>0.05). pH of the PEs is more acidic and the 

pH of the MEs with C-934 is the least acidic. 

Results indicate that the pH of the formulations is within the range to be applied 

safely on the skin, without causing any irritation or skin damage. The change in pH 

with the passage of time at all storage conditions was insignificant for all the 

formulations (p>0.05). 

5.7.5 Electrical conductivity 

Electrical conductivity is a way to determine the type of an emulsion. Only those 

emulsions which have an aqueous external phase will show electrical conductivity 

(Binks et al., 2005). Electrical conductivity can also predict the stability of an emulsion 

system. Increase in electrical conductivity is an indication of system instability 

(Masmoudi et al., 2005). 

Results of electrical conductivity are shown in Table 4.55 and demonstrated in 

Figures 4.107-4.108. The primary emulsions are w/o in nature, therefore exerted no 

electrical conductivity during the study period concluding that no phase separation 

occurred during this period. For the development of the formulations, distilled water 

was used which had only 7.4 ±0.3 μS/cm conductivity. Solution of 0.7% w/w 
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magnesium sulphate showed conductivity of 843 ±5.48 μS/cm. The MEs and MEs with 

C-934 exerted electrical conductivity. With the passage of time, an increase in the 

electrical conductivity was observed. The increase in the conductivity was found to be 

more in the samples placed at 40 °C and 40 °C with 75% RH.  

Figures 4.109-4.112 shows a comparison of the same formulations with and 

without the presence of the active ingredient (plant extract) i.e. the placebo and the 

active formulations. It was found that the active formulations showed more value for 

electrical conductivity as compared to that of the placebo, but the difference was 

insignificant (p>0.05). This might be due to the presence of the phenolic compounds, 

which might have affected the osmotic pressure, resulting in more escape of the internal 

aqueous phase into the external aqueous phase as compared to that of the placebo in 

which there was only magnesium sulphate in the internal aqueous globules (Ozaki and 

Li, 2002). 

Figures 4.113-4.114 show a comparison of the active formulations of MEs and 

MEs with C-934 of both the plant extracts. Results showed that MEs with C-934 exerted 

little change in conductivity as compared to that of the MEs. Again the difference was 

minor and insignificant (p>0.05). This might be due to the formation of three 

dimensional structure of the gelling agent in the external aqueous phase, making the 

process of diffusion difficult, resulting in a lesser increase of the conductivity 

(Gonçalves and Campos, 2009). 

The results obtained by electrical conductivity showed that the formulations 

remained stable throughout the study period. On the basis of results, it can be predicted 

that the formulations will remain stable (Masmoudi et al., 2005). 

5.7.6 Centrifugation analysis 

It is a very important evaluation tool to estimate a formulation’s shelf life. This 

analysis if based on the principle of separating different components of a formulation 

on the basis of relative densities (Smaoui et al., 2012). 

The results of the centrifugation analysis are presented in Tables 4.56-4.67. For 

primary emulsions, the formulations B and D showed a slight phase separation for the 

samples that were kept at 40 °C with 75% RH on the 180th day. Multiple emulsions 

showed slight to moderate phase separation after the 150th day and on the 180th day of 
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stability testing. Multiple emulsions with gelling agent showed no phase separation 

throughout the study period and remained stable. The increased stability is due to the 

addition of C-934 that formed a three dimensional structure in the external aqueous 

phase and phase separation was not observed (Perez-Moral et al., 2014). 

Results show that the formulations are stable when subjected to centrifugation. 

MEs with C-934 are most stable and MEs are less stable. Stability is due to proper 

homogenisation of the constituents at the preparation time and the use of proper 

surfactant with the optimum concentration (Rehman and Zulfakar, 2014).  

5.8 Sensory evaluation 

Sensory evaluation of the topical and particularly cosmetic formulations, 

provides information for their acceptability to be used on skin by the consumer (Rasul 

and Akhtar, 2011). Paraffin oil is used as the oil phase in the formulations, and it has 

emollient effects on the skin, which is a factor for acceptance of these formulations 

(Rawlings and Lombard, 2012).  

Sensory evaluation was performed only for two formulations (K and L) i.e. 

multiple emulsion with C-934 containing SC extract and SI extract. Results are 

presented in Figure 4.115. The sensory evaluation also had skin irritation as a 

parameter, but none of the volunteers reported skin irritation. That is why it was not 

presented in the Figure 4.115. Both formulations gained good response from the 

volunteers. A little difference was found between the two formulations. Formulation L 

was found better in terms of sense after applying, gloss on skin and sense of softness. 

This might be because formulation L contains more amount of paraffin oil as compared 

to that in the formulation K. Formulation K showed better spread-ability and ease of 

application. This might also be due to lesser concentration of paraffin oil, making it less 

greasy in nature (Healy, 1981). 

So on the basis of the results obtained, both the formulations were found suitable 

for further investigation. 

5.9 In-vitro sun protection factor 

It is a quantitative measurement method for the evaluation of effectiveness of a 

substance or a sample against a wide range of UV-radiations. On the basis of the results, 

it is concluded that the said substance or the sample can be used as a sunscreen agent 
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or not. A number of studies have already revealed that the plant extracts that are rich in 

phenols and flavonoids also show good SPF values when evaluated. Such plant extracts 

can be used as natural sunscreens in cosmetic formulations (Ebrahimzadeh et al., 2014; 

Costa et al., 2015). Same was the aim in this study as well. To find the SPF values of 

the formulations so that these can be classified as natural sunscreens. 

SPF analysis showed that the formulation K and L had an SPF value of 3.93 ±0.19 

and 3.85 ±0.12 respectively. These formulations showed only a little and insignificant 

(p>0.05) change when placed at different storage conditions for 180 days. The SPF 

value exerted in because of the TPC and TFC present in the plant extracts as detected 

in this study. 

5.10 Non-invasive in-vivo analysis 

Each of the volunteers was instructed to use about one gram of the formulation 

twice a day on a 2x2 cm area of their cheeks. All the volunteers applied almost 170 

grams of formulation in the study duration of 12 weeks. The formulation contained 4% 

w/w of plant extract solution at a concentration of 2mg/ml. It can be stated that the 

results obtained by the application of the formulations were due to the application of 

about 13 mg of the extract on face cheek area. 1 mg of SC fraction used was detected 

for 101.81 µg of TPC and 96.8 µg of TFC. So the SC formulation delivered almost 

1.323 mg of phenols and/or 1.258 mg of flavonoids to the applied skin area. Similarly, 

1 mg of SI extract contained 94.07 µg of TPC and 78.7 µg of TFC. It means that SI 

formulations delivered almost 1.222 mg of phenols and/or 1.023 mg of flavonoids to 

the applied skin area. 

5.10.1 Biosafety study (Rabbit skin irritation test) 

As the formulation was intended to be applied on human skin, it was essential to 

check the formulation on animal skin for any type of skin irritation or abnormal 

behaviour. For this purpose, six rabbits were taken, three for each formulation and their 

respective placebo. After observing for 3 days, none of the rabbits showed any type of 

skin irritation or abnormal behaviour. The test was followed according to the protocols 

used in another study (Borkow and Gabbay, 2004). 

On the basis of the results obtained, the formulations are considered safe to be 

used on human skin.  
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5.10.2 Human skin irritation by patch test 

Even after performing the biosafety study on rabbit skin, the selected volunteers 

were checked for any type of hypersensitivity or other reaction before the start of in-

vivo analysis. For this purpose, patch test was performed. Skin irritation or increase in 

skin erythema levels may develop in response to the active ingredient or excipient of 

the applied formulation. To avoid any hypersensitivity reaction, skin irritation by patch 

test is performed. For skin formulations, there is an utmost need to do a skin irritation 

study as a part of toxicological evaluation, especially for the new developed topical 

formulations (Vinardell and Mitjans, 2008). It is more appropriate to use non-invasive 

biophysical probes to measure skin erythema levels before and after the application of 

the formulation to measure the changes (Calvin, 1992). Patch test for skin irritation is 

an accurate and extensively used to determine any allergic response for topical cosmetic 

and cosmeceutical products (Mahmood and Akhtar, 2013a). 

Patch test for SC formulation showed no skin irritation when observed by naked 

eye. Results for skin erythema are presented in Figure 4.116. A net decrease in skin 

erythema was observed by the active formulation (-4.06 ±2.43%) and also by the 

placebo (-0.73 ±1.05%). But the decrease was insignificant (p>0.05). Results of patch 

test for SI formulation is shown in Figure 4.116. A decrease in skin erythema was 

observed by both the active formulation (-4.37 ±1.82%) and the placebo (-1.88 

±0.85%). The decrease in skin erythema by both the formulations was insignificant 

(p>0.05). 

The decrease in the erythema levels by the placebo was due to presence of 

paraffin oil. Previous studies prove that paraffin oil is safe to use on human skin and 

long term use of paraffin oil produces smoothing effects on skin (Petry et al., 2017). 

Results showed that the formulations were compatible with the human skin and no 

increase in the skin erythema levels was observed in any of the volunteers. Results are 

shown in Figure 4.116. The patch test indicates that the preparations were safe to be 

applied on the volunteer’s skin for further analysis of their effects. 

5.10.3 Assessment of skin erythema and melanin level 

The results of the skin erythema index are presented in Figure 4.117. SC 

formulation decreased erythema index by -9.62 ±0.69 %, while its placebo increased 

the erythema by 1.9 ±1.43 % from the baseline. Paired sample t-test indicated that the 
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difference of erythema between the active formulation and the placebo was significant 

(p≤0.05). ANOVA indicated that the erythema change by the active formulation was 

significant (p≤0.05). LSD showed that the results were insignificant for 2nd, 4th, and 6th 

week (p>0.05), whereas it was significant for the remaining weeks (p≤0.05). SI 

formulation decreased the erythema level by 10.32 ±0.64 % and placebo increased 

erythema by 1.45±2.35 % from the baseline. Paired sample t-test showed significant 

change (p≤0.05) in the skin erythema index between the placebo and the active 

formulation. ANOVA indicated that the effects of the active formulation were 

significant (p≤0. 05). LSD test shows that the effects of the active formulation were 

significant (p≤0.05) throughout the study period i.e. 2nd, 4th, 6th, 8th, 10th and 12th week. 

Increase in skin erythema and inflammation adversely affect the protective 

mechanism of the skin, and produce a number of deleterious events. UV exposure 

causes oxidative stress of the skin that activates nuclear transcription factor kappa B 

(NF-κB) and transcription factor (AP-1). These factors are responsible for the 

upregulation of pro-inflammatory cytokines, Interleukins (IL-1, IL-6, IL-10, and IL-

12) and also cause the production of inflammatory mediators COX-2 and PGE2 from 

the arachidonic acid of cell membrane phospholipids. All these events result in the acute 

erythema and inflammation of the skin (Wenk et al., 2001; Gupta et al., 2008). In 

addition, Phospholipase A2 (PLA-2) is activated that releases arachidonic acid from 

cell membrane phospholipids, which is transformed into COX-2, PGE2 (inflammatory 

mediators) by the action of cyclooxygenase or lipoxygenase (Działo et al., 2016). It is 

well established that polyphenols strongly inhibit the IL-1, IL-6, IL-10 (interleukins) 

and COX-2 and PGE2 (inflammatory mediators), which induce erythema and 

inflammation (Nichols and Katiyar, 2010). The results obtained in this study by the SC 

and SI formulations might be due to the presence of polyphenols. A study revealed that 

the SC root extract has anti-inflammatory activities (Kim et al., 2013). More effects of 

SI as compared to that of SC might be due to the presence of Rutin which has been 

identified for the prevention of UV induced skin damage (Svobodová et al., 2003). 

Rutin is a quercetin derivative and quercetin has been found to protect the skin 

antioxidant systems (Glutathione peroxidase, glutathione reductase and catalase and 

superoxide dismutase activities) in rats (Erden Inal et al., 2001). Naringenin was also 

detected in SI extract, which is a trihydroxyflavone and these have been found to be 
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effective in the prevention of UVA/B-induced skin carcinogenesis in SKH-1 mice 

(McVean et al., 2000; Svobodová et al., 2003).  

Results for skin melanin index are presented in Figure 4.118. SC formulation 

decreased melanin index by -12.31 ±2.09 %, while its placebo increased melanin index 

by 5.71 ±1.45 % from the baseline. Paired sample t-test indicated that the difference of 

melanin between the active formulation and the placebo was significant (p≤0.05). 

ANOVA indicated that the melanin change by the active formulation was significant 

(p≤0.05). LSD showed that the results were significant only for the 12th week (p≤0.05). 

Reduction in melanin was observed by the SI formulation up to -13.37 ±2.47 % and an 

increase in melanin level was observed after the application of placebo i.e. 4.17 ±0.82 

%. Paired sample t-test showed that change in melanin levels of the skin after the 

application of the active formulation were significant (p≤0.05) as compared to that of 

the placebo. ANOVA showed a significant change (p≤0.05) in melanin index. LSD test 

for the active formulation also indicates the change to be significant (p≤0.05) 

throughout the study period. 

Melanin is a pigment that is found mostly in the skin. In humans, melanin is 

synthesized by melanosomes. On UV exposure, there is an overexpression of 

microphthalmia associated transcription factor (MITF) which is the master 

transcriptional regulator of pigmentation in the body. Three enzymes are responsible 

for melanin formation, i.e. Tyrosinase, Tyrosinase Related Proteins-1 (TRP-1) and 

Tyrosinase Related Proteins-2 (TRP-2) (Lee et al., 2017). Studies show that phenols 

and flavonoids inhibit tyrosinase enzyme competitively via site chelation mechanism 

and reduce or inhibit the melanin production. The plant extracts used in this study are 

also rich in phenolic flavonoid contents. In-vitro enzymatic assay revealed that both the 

plant extract had strong potential to inhibit tyrosinase enzyme. Gallic acid has been 

found to be a more potent inhibitor of tyrosinase as compared to kojic acid (Kim, 2007). 

Rutin has also been found to inhibit tyrosinase enzyme activity (Si et al., 2012). 

5.10.4 Assessment of skin hydration level 

Results for skin hydration level are presented in Figure 4.119. SC formulation 

increased skin hydration level by 19.35 ±9.18 %, while its placebo increased the skin 

hydration level by 11.22 ±12.67 % from the baseline. Paired sample t-test indicated that 

the difference of skin hydration index between the active formulation and the placebo 
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was significant (p≤0.05). ANOVA indicated that the skin hydration change by the 

active formulation was significant (p≤0.05). LSD showed that the results were 

insignificant for 2nd week (p>0.05), whereas it was significant for the remaining weeks 

(p≤0.05). SI formulation increased the skin hydration by 15.84 ±7.92 %, while the 

placebo also increased the skin hydration by 4.7 ±7.89 %. Paired sample t-test between 

the placebo and the active formulation shows significant difference (p≤0.05). ANVOA 

for the active formulation also shows P ≤ 0.05. LSD test for the active formulation 

shows significant change for 2nd, 4th, 6th, 8th, 10th and 12th week. 

Skin hydration is very important parameter as loss of trans-epidermal water leads 

to improper enzymatic activity, resulting in dry, aged and wrinkled skin (Long et al., 

1985). This can be avoided by use of a moisturizer. Natural ingredients are becoming 

more popular to be used in skin formulations (Laroche et al., 2001). A number of factors 

can influence the hydration level of the skin by the use of the two prepared formulations 

in this study. A previous study shows that skin erythema and inflammation can also 

influence the trans-epidermal loss (Kim et al., 2014). So, the reduction in cutaneous 

inflammation can also reduce trans-epidermal water loss. Secondly, a study reveals that 

antioxidants also affects the skin hydration (Man et al., 2012). The plant extracts used 

in this study are excellent antioxidants. Thirdly, the paraffin oil itself improves skin 

hydration as demonstrated in a study (Dobrev, 2000). All these factors are responsible 

for the improvement of skin hydration by the use of the prepared formulations in this 

study. 

5.10.5 Assessment of skin elasticity 

Results for skin elasticity index are presented in Figure 4.120. SC formulation 

increased skin elasticity by 12.22 ±4.67 %, while its placebo increased the skin 

elasticity by 4.59 ±5.78 % from the baseline. Paired sample t-test indicated that the 

difference of skin elasticity index between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated that the skin elasticity change by the active 

formulation was significant (p≤0.05). LSD showed that the results were insignificant 

for 2nd and 4th week (p>0.05), whereas it was significant for the remaining weeks 

(p≤0.05). SI formulation increased skin elasticity by 7.38 ±4.25 % and placebo also 

increased the skin elasticity by 2.24 ±2.64 %. Paired sample t-test show a significant 

difference (p≤0.05) of skin elasticity between the effects of active formulation and 
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placebo. ANOVA shows that the active formulation produced significant (p≤0.05) 

effect. LSD test showed that the effects of the active formulation on skin elasticity were 

significant throughout the study period. 

Skin aging is characterized by qualitative and quantitative changes in the collagen 

and elastin fibers, present in the dermis layer of the skin. They are two major building 

constituents of the skin extracellular matrix (ECM). Their function is to support, 

strength, elasticity and resilience of the dermis. These two are degraded by matrix 

metalloproteinases (MMPs), a group of zinc dependent extracellular proteinases. Brief 

exposure to sunlight produces the ROS that may increase the up-regulation of MMPs 

expression via activator protein-1 (AP-1) and nuclear factor-kappa B (NF-κB) 

activation (Pittayapruek et al., 2016). Wrinkles are formed due to the formation of 

unmetabolized fibers in the skin due to UV induced enzymatic degradation (Yonei et 

al., 2015). Naturally occurring flavonoids significantly inhibit the up-regulation of 

these MMPs and contribute to skin elasticity (Sin and Kim, 2005; Lim and Kim, 2007). 

A study also suggests that flavonoids have anti-elastase activity (Tan et al., 2016). 

Another study suggests that plant derived polyphenols also exhibit anti-collagenase, 

anti-MMPs and anti- hyaluronidase activities (Limtrakul et al., 2016). 

5.10.6 Assessment of skin sebum level 

Results for skin sebum index are presented in Figure 4.121. SC formulation 

decreased skin sebum by 15.74 ±7.81 %, while its placebo increased the skin sebum by 

5.01 ±16.17 % from the baseline. Paired sample t-test indicated that the difference of 

skin sebum index between the active formulation and the placebo was significant 

(p≤0.05). ANOVA indicated that the skin sebum change by the active formulation was 

significant (p≤0.05). LSD showed that the results were significant only for 12th week 

(p≤0.05), whereas it was insignificant for the remaining weeks (p>0.05). SI formulation 

decreased the skin sebum level by 21.5 ±4.72 %. Placebo increased the skin sebum 

index by 13.43 ±25.62 %. Paired sample t-test showed a significant (p≤0.05) change in 

the effects of active formulation and the placebo. ANOVA indicates that change in skin 

sebum level was significant (p≤0.05) by the active formulation. LSD test indicates that 

the effects of the active formulation were significant (p≤0.05) for all the weeks. 

Sebum is a mixture of squalene and wax esters which is waxy in nature and 

produced sebocytes in the halocrine sebaceous glands. Sebum acts a defensive layer on 
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the skin, but its excessive secretion leads to problems like development of acne on face. 

Sebum production is associated with the activity of 5α-reductase-1 that converts 

testosterone to 5α-dihydrotestosterone. This metabolite accumulates and triggers the 

sebum production. So the inhibitory effect on this enzyme can significantly reduce the 

sebum production (Thiboutot et al., 1995). Oily skin presents clinical signs that cause 

a discomfort to patients such as enlarged pores, excessive brightness and acne (de Melo 

and Maia Campos, 2018). A study suggests that plant based flavonoids can reduce 

lipogenesis and sebum synthesis, partially through 5α-reductase inhibition (Koseki et 

al., 2015). That is why, the decrease in the skin sebum by both the formulations might 

be due to the presence of flavonoids in them. And the increase in the sebum level by 

the placebo can be due to the paraffin oil present in the formulation that gives the 

formulation an oily nature (Akhtar et al., 2016). 

5.10.7 Surface evaluation of living skin 

Results for skin small pores index are presented in Figure 4.122. SC formulation 

decreased skin small pores by -48.79 ±5.87 %, while its placebo increased the skin 

small pores by 19.46 ±16.39 % from the baseline. Paired sample t-test indicated that 

the difference of skin small pores between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated that the skin small pores index change by the 

active formulation was significant (p≤0.05). LSD showed that the results were 

insignificant for 2nd, 4th and 6th week (p>0.05), whereas it was significant for the 

remaining weeks (p≤0.05). SI formulation decreased the skin small pores by 41.68 

±22.65 %, while the placebo increased the skin small pores by 22.45 ±48.96 %. Paired 

sample t-test shows that the difference of small pores is significant (p≤0.05) between 

the active formulation and placebo. ANOVA shows that change in small pores by the 

active formulation is significant (p≤0.05). LSD test shows that the decrease in the skin 

small pores is significant (p≤0.05) for all weeks. 

Results for skin large pores index are presented in Figure 4.123. SC formulation 

decreased skin large pores by -48.48 ±9.69 %, while its placebo increased the skin large 

pores by 57.66 ±23.3 % from the baseline. Paired sample t-test indicated that the 

difference of skin large pores between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated that the skin large pores index change by the 

active formulation was significant (p≤0.05). LSD showed that the results were 
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significant only for 12th week (p≤0.05), whereas it was insignificant for the remaining 

weeks (p>0.05). SI formulation decreased the large skin pores by 33.85 ±43.49 %, 

while the placebo increased the skin large pores by 7 ±95.74 %. Paired sample t-test 

showed that the difference for large skin pores was significant (p≤0.05) between the 

active formulation and placebo. ANOVA showed that change in number of large skin 

pores by the active formulation is significant (p≤0.05). LSD test shows that the decrease 

in the large pores was insignificant (p>0.05) for the 2nd week and significant (p≤0.05) 

for all other weeks. 

A pore on the skin can be defined as a microphotographic piece on the skin 

surface which resembles to enlarged openings of the pilosebaceous follicles (Piérard et 

al., 2000). A pore can be formed by a number of endogenous and exogenous factors i.e. 

gender, hormones, aging, genetic predisposition, sebaceous secretion, acne and even 

chronic exposure to ultra violet radiations (Capitanio et al., 2010; Uhoda et al., 2005). 

A study also suggests that if the skin elasticity and sebum levels are improved, there 

will be a reduction in the skin small and large pores (Hameed et al., 2019). In this study, 

the reduction in the skin pores (small and large) might be due to the AO activity of the 

plant extracts. The reduction in these might also be due to the fact that these two 

formulations have also reduced skin sebum index and improved skin elasticity as well. 

Results for skin spots index are presented in Figure 4.124. SC formulation 

decreased skin spots area by -37.27 ±8.79 %, while its placebo increased the skin spots 

area by 36.78 ±15.08 % from the baseline. Paired sample t-test indicated that the 

difference of skin spots area between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated that the change in the skin spots index by the 

active formulation was significant (p≤0.05). LSD showed that the results were 

insignificant for all of the weeks (p>0.05). SI formulation reduced the skin spots area 

by 49.99 ±46.83 %, while placebo increased the skin spots area by 34.41 ±68.2 %. 

Paired sample t-test shows a significant (p≤0.05) difference between the effects of 

active formulation and the placebo. ANOVA shows that the change in skin spots area 

by the active formulation is significant (p≤0.05). LSD test for the active formulation 

shows that change in skin spots area was insignificant for the 2nd week and significant 

for all other weeks. 
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Skin spots are observed because of differences in melanin level in the skin. UV 

exposure can cause skin to react in different ways. The melanocytes of specific area of 

the skin are activated which results in the pigmentation of that area by the accumulation 

of melanin (Tiedtke et al., 2011). In this study, the reduction in skin spots was observed 

because of the reduction in skin melanin by both formulations. And also due to their in-

vitro tyrosinase inhibition assay. 

All the volunteers were also observed for any wrinkles, but no wrinkles were 

found on the observed area of the skin. 

5.10.8 Skin elasticity measurements using Cutometer® 

Skin elasticity was measured using the Elastometer®. Cutometer® is a more 

sophisticated instrument used for skin elasticity measurement. The data obtained was 

from R0 to R9. A study suggests that only the parameters R2, R5, R6 and R7 are the 

ones that are independent of the skin thickness and will provide the results purely as 

the effects of the applied formulations (Nawaz et al., 2019).  

Results for R2 index are presented in Figure 4.125. SC formulation increase R2 

by 18.23 ±3.04 %, while its placebo also showed an increase of 0.79 ±0.47 % from the 

baseline. Paired sample t-test indicated that the difference between the active 

formulation and the placebo was significant (p≤0.05). ANOVA indicated the effects of 

active formulation was significant (p≤0.05). LSD showed that the results were 

insignificant for 2nd, and 6th week (p>0.05), whereas it was significant for the remaining 

weeks (p≤0.05). SI formulation increases the R2 index by 17.09 ±0.74, while its placebo 

also showed an increase of 3.38 ±1.55 % from the baseline. Paired sample t-test 

indicated that the difference between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated that the effects of active formulation was 

significant (p≤0.05). LSD showed that the results were insignificant for 2nd, 4th and 8th 

week (p>0.05), whereas it was significant for the remaining weeks (p≤0.05). 

Results for R5 index are presented in Figure 4.126. SC formulation increase R5 

by 11.25 ±2.7 %, while its placebo also showed an increase 1.12 ±2.52 % from the 

baseline. Paired sample t-test indicated that the difference between the active 

formulation and the placebo was significant (p≤0.05). ANOVA indicated the effects of 

active formulation was significant (p≤0.05). LSD showed that the results were 

significant only for 12th week (p≤0.05), whereas it was insignificant for the remaining 
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weeks. SI formulation increases the R5 index by 12.41 ±4.44, while its placebo also 

showed an increase 2.65 ±3.01 % from the baseline. Paired sample t-test indicated that 

the difference between the active formulation and the placebo was significant (p≤0.05). 

ANOVA indicated the effects of active formulation was significant (p≤0.05). LSD 

showed that the results were insignificant for 2nd, 4th, 6th and 8th week (p>0.05), whereas 

it was significant for the remaining weeks (p≤0.05). 

Results for R6 index are presented in Figure 4.127. SC formulation decreased R6 

by -8.53 ±0.88 %, while its placebo also showed a decrease of -0.78 ±1.3 % from the 

baseline. Paired sample t-test indicated that the difference between the active 

formulation and the placebo was significant (p≤0.05). ANOVA indicated the effects of 

active formulation was significant (p≤0.05). LSD showed that the results were 

significant only for 8th and 12th week (p≤0.05), whereas it was insignificant for the 

remaining weeks. SI formulation decreases the R6 index by -7.83 ±0.85, while its 

placebo also showed a decrease of -1.14 ±0.66 % from the baseline. Paired sample t-

test indicated that the difference between the active formulation and the placebo was 

significant (p≤0.05). ANOVA indicated the effects of active formulation was 

significant (p≤0.05). LSD showed that the results were insignificant for all the weeks 

except for the 12th week. 

Results for R7 index are presented in Figure 4.128. SC formulation increased R7 

by 12.81 ±2.46 % while its placebo showed a decrease of -0.8 ±1.86 % from the 

baseline. Paired sample t-test indicated that the difference between the active 

formulation and the placebo was significant (p≤0.05). ANOVA indicated the effects of 

active formulation was significant (p≤0.05). LSD showed that the results were 

significant only for 12th week (p≤0.05), whereas it was insignificant for the remaining 

weeks. SI formulation increases the R7 index by 10 ±1.08, while its placebo also 

showed an increase 0.32 ±0.68 % from the baseline. Paired sample t-test indicated that 

the difference between the active formulation and the placebo was significant (p≤0.05). 

ANOVA indicated the effects of active formulation was significant (p≤0.05). LSD 

showed that the results were insignificant for 2nd, 4th and 6th week (p>0.05), whereas it 

was significant for the remaining weeks (p≤0.05). 

The reasoning behind the improvement of the skin elasticity is the same, as 

already mentioned in the assessment of skin elasticity, measured using Elastometer and 
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also in the section of assessment of skin hydration levels. These relative parameters are 

the recovery phase of the skin, and it has been reported that the collagen fiber network 

is vital for skin elasticity and mechanical strength (Rodrigues, 2001). The UV radiation 

damage the skin's collagen network, resulting in the loss of skin elasticity (Chung et 

al., 2002). The formulations act upon the skin mainly by two mechanism. First, they 

prevent the skin to absorb the UV radiations due to their SPF capability. Secondly, these 

formulations improved the skin elasticity by improving the hydration of skin. 
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6. Conclusion 

Following conclusions can be made for this research study; 

 Smilax china roots and Sphaeranthus indicus flowers are rich in phenols and 

flavonoid contents as checked by chemical analysis and validated by HPLC. 

 UHP-LCMS revels the presence of number of compounds. A number of phenols 

and flavonoids are also identified by this method in the extract of both plants.  

 Both plants presented very good antioxidant, reducing and tyrosinase inhibition 

activities. 

 Stable multiple emulsion using a gelling agent (Carbopol-934) was developed 

containing the plant extracts with good texture and physical characteristics. 

 On the basis of biosafety profiling and skin patch test, the formulations were found 

to be suitable for use as a cosmeceutical product, without any allergic and skin 

irritating or damaging effects. 

 On evaluation, both formulations exerted remarkable cosmeceutical effects on 

human skin for melanin, erythema, sebum, hydration and elasticity parameters. 

 SELS also confirmed the cosmeceutical effect of formulations on skin pores and 

spots. 
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7. Future Prospects 

This research has following future prospects; 

 The phenols and flavonoids from the plant extracts can be isolated and investigated 

for their potential effects. 

 Identified and un-identified compounds can be isolated and further studied for their 

potential pharmacological actions. 

 The extract can be further analysed to detect the presence of other constituents as 

well as for the presence of even some new compounds. 

 Isolated compounds from these plant extracts can be used alone or in combination 

to develop a drug delivery system and can be analysed for in-vitro and in-vivo 

analysis. 

 These plant extracts can also be used in other drug delivery system to check their 

effects on human skin for even better results. 

 Bioavailability studies can be performed for these formulations and better release 

kinetics can be developed. 

 A larger study group can be analysed with varying skin types to determine the 

effects of these formulations on a large population. 

 As claimed that these plant extracts can be used for several ailments, the 

formulations can also be investigated for skin disorders, physiological as well as 

pathological. 
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