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CHAPTER-1 

Introduction 

1.1. Importance of Herbal medicines 

Man has eternally endeavored to keep himself free from three types of miseries, namely, 

physical, mental and spiritual. Therefore, the history of medicine is as old as the history 

of mankind[1]. According to Indian tradition, the four primary objectives of human life 

are: 

✓ dharma or to perform religious rites, 

✓ artha or to acquire wealth, 

✓ kama or to satisfy the worldly rites, and 

✓  moksa or to attain salvation 

Good health was considered to be a primary requirement for the achievement of these 

objectives. Since the early human existence, many natural products came into the  

practice for human welfare by sheer intuition or more appropriately by trial and error[2]. 

In the long struggle, human beings have always turned to plants, the powerful forces of 

nature, for food, shelter, clothing, weapons, and healing. Many herbal preparations 

developed empirically, were remarkably effective. Throughout human existence, plants 

were virtually all that was available to healers. This fact is true even today of course, 

outside the developed world. Even though synthetic medicine has taken a front seat, 25-

30% of modern drugs are derived from some parts of higher plants[3]. In most 

cases, the application of modern medicine resembles the traditional use of the plants from 

which it is obtained. Modern medicines and herbal medicines are complementarily being 

used in areas for health care programs in several developing countries including India. 

Plants have provided mankind a large variety of potent drugs to alleviate suffering from a 

disease. Despite spectacular advances in synthetic drugs in recent years, some of the 

drugs of plant origin have still retained their importance[4]. 

As per the World Health Organization (WHO), more than 80% of the world's population 

believes on traditional medicine for their primary healthcare needs. Natural products have 
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been an integral part of the ancient traditional medicine systems, e.g. Chinese, Ayurvedic, 

and Egyptian. Around 3.4 billion people in the developing world depend on plant-based 

traditional medicines. Natural products from medicinal plants, either as pure compounds 

or as standardized extracts, provide numbers of opportunities for new drug leads because 

of the unmatched availability of chemical diversity[5]. 

1.2. Plants based Rejuvenators 

Ayurvedic system of medicine describes the concept called Rasayana (rejuvenator) under 

which rejuvenating drugs have been described[6]. These rejuvenating drugs have been 

indicated for various uses like delaying the aging process, maintenance of youth, 

improvement of mental health and also removal of diseased conditions caused due to 

infectious organisms and also mental or physical stress. Rasayana promotes the quality of 

all body tissues. The precise meaning of rasayana is the therapeutics that promote dhatus-

tissues of the body and increases strength and immunity against diseases. List of as 

rejuvenators are given in Table 1.1[7]. The medicinal plants mentioned under rasayana 

promote the quality of body tissues through three ways, which include the followings:[8]  

1. Poshaka rasa – shatavari, milk, ghee causes the enrichment of the nutritional quality of 

nutrient plasma.  

2. Agni – plants like bhallataka and poppali promote the nutrition by improving the 

digestive processes and metabolic activities. 

3. srotasas – increasing the efficiency of micro-circulatory channels. They cause better 

availability of nutrients to the tissues. 
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Table 1.1. List of plants which act as Rejuvenators 

Common Name Botanical Name 

Amalaki Emblica officinalis 

Hareetaki Terminalia chebula 

Haridra Curcuma longa 

Mandukaparni Centella asiatica 

Aindri Bacopa monniera 

Yastimadhu Glycirrhiza glabra 

Guduchi Tinospora cordifolia 

Shankhapushpi Convolvulus pleuricaulis 

Jyotishmati Celastrus panniculata 

Kushmanda Benincasa hispida 

Vacha Acorus calamus 

Jatamamsi Nardostachys jatamamsi 

Ashvagandha Withania somnifera 

Kapikacchu Mucuna pruriens 

Punernava Boerrhavia diffusa 

Shatavari Asparagus racemosus 

Tulsi Ocimum sanctum 

Adrak Zingiber officinalis 

 1.2.1. Rejuvenator as antioxidant 

The concept of developing drugs from plants used in indigenous medical system is much 

older, while in some cases direct links between a local and biomedical use exists, in other 

cases the relationship is much more complex[9]. Traditionally, ‘Rasayana’ drugs are used 

against a plethora of seemingly diverse disorders with no pathophysiological connections 

according to modern medicine. It has been reported that the ‘Rasayanas’ are rejuvenators, 

nutritional supplements and possess strong antioxidant activity. They also have 

antagonistic actions on the oxidative stressors which giving rise to the formation of 

different free radicals. Therefore, the therapeutic indication of these drugs can include the 

diseases relating to all the above systems[10]. An antioxidant is a molecule capable of 

slowing or preventing the oxidation of other molecules. In a biological system they may 
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protect cells from damage caused by unstable molecules known as free radicals. 

Antioxidants terminate these chain reactions by removing free radical intermediates and 

inhibit other oxidation reactions by being oxidized themselves. As a result, antioxidants 

are often reducing agents such as thiols or polyphenols. They are believed to play a role in 

preventing the development of such chronic diseases as cancer, heart disease, stroke, 

Alzheimer's disease, Rheumatoid arthritis, and cataracts. Their antistress/adaptogenic 

actions have made them therapeutically far more important. The strong antioxidant activity 

of any ‘Rasayana’ was found to be 1000 times more potent than ascorbic acid, tocopherol, 

and probucol.  ‘Rasayana’ preparations also increased stem cell proliferation and also 

prevented free radical-induced injury produced by radiation. Since free radicals are 

implicated in a number of physiological disorders as described above and with the 

‘Rasayana’ drugs of Ayurveda used in the treatment of diverse physiological disorders, 

there is a strong case to believe that ‘Rasayana’ drugs exert their therapeutic actions by 

their ability to scavenge free radicals or by their antioxidant potential[11].  

1.3. Effect of various parameters on yield of phytoconstituents 

Extraction is the crucial primary step in the analysis of medicinal plants, because it is 

necessary to extract the desired chemical components from the plant materials for further 

separation and characterization. The basic operation included steps, such as pre-washing, 

drying of plant materials or freeze-drying, grinding to obtain a homogenous sample and 

often improving the kinetics of analytic extraction and also increasing the contact of 

sample surface with the solvent system[12-13]. The following are the various parameters 

are affected on extractive yield: Type of extraction, Time of extraction, Temperature, 

Nature of solvent, Solvent concentration, Polarity.  

Successful determination of biologically active compounds from plant material is largely 

dependent on the type of solvent used in the extraction procedure. Properties of a good 

solvent in plant extractions includes, low toxicity, ease of evaporation at low heat, 

promotion of rapid physiologic absorption of the extract, preservative action, inability to 

cause the extract to complex or dissociate. The factors affecting the choice of solvent are 

quantity of phytochemicals to be extracted, rate of extraction, diversity of different 

compounds extracted, diversity of inhibitory compounds extracted, ease of subsequent 

handling of the extracts, toxicity of the solvent in the bioassay process, potential health 
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hazard of the extractants. The choice will also depend on the targeted compounds to be 

extracted[13]. In some instances, extraction with hexane is used to remove chlorophyll. 

General extraction process given in below Figure 1.1[13]
 

Figure 1.1 General extraction process for herbal plants 

1.4. Need of novel formulation in herbal medicines 

The dietary supplements and nutraceuticals are another reason for an increase in market 

share. More than 50 % of pharmaceutical active constituents are derived or identified from 

phytoconstituents[14]. Although, novel dosage forms of herbal medicines are slow owing 

to the complexity of the active phytoconstituents and its standardization. In spite of 
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complexity, lower bioavailability is a major problem in herbal drugs. Bioavailability of any 

compound cannot be accurately predicted; however, analysis by Lipinski’s ‘rule of five’ 

provides some insight: in general, a compound will have better bioavailability when it 

contains not more than 5 hydrogen-bond donors, not more than 10 hydrogen-bond 

acceptors, has a molecular mass not greater than 500 daltons, a partition coefficient log P-

value of not greater than 5 and contains less than 10 rotatable bonds[15]. Thus, several 

factors could also play a role in limiting bioavailability, such as solubility of the 

phytocompound, stability due to gastro-intestinal pH, absorption across the intestinal wall, 

metabolism by gut microflora, active efflux mechanism and first-pass metabolism. A drug 

is classified as poorly soluble if it has solubility less than 100 µg/ml [16]. Herbal extract 

shows poorly compressibility, very hygroscopic powders with poor flowability. 

Conventional formulations such as extracts, granules, tablets, and capsules are not able to 

overcome all these drawbacks of phytomedicines[17]. The novel formulations are reported 

to have significant advantages over conventional formulations of plant actives and extracts 

which include enhancement of solubility, bioavailability, protection from toxicity, enhance 

of pharmacological activity, improvement in stability, enhanced tissue macrophages 

distribution, sustained delivery, and protection from physical and chemical degradation. 

The bioavailability of phytomedicines may be enhanced by increasing the solubility and 

dissolution rate of the phytoconstituents in the gastrointestinal fluid[18]. Generally, these 

phytoconstituents are classified based on their chemical structures with pharmacokinetic 

data showed in Table 1.2 

Table 1.2: Pharmacokinetic properties of various phytoconstituents 

Alkaloid 

Camptothesin[19] 

Solubility: 20 µmol/l 

AUC: 0.38 ± 0.21 µg/ml h 

Cmax: 0.08 ± 0.02 µg/ml  

DOSE: 1 mg/ kg (wistar rat) 

Berberine[20] 

Solubility: 2.08 ± 0.3 mg/ml 

AUC:1.127 ± 111 µg/ml h 

Cmax: 0.303 ± 28.2 µg/ml 

DOSE: 100 mg/kg (wistar rat) 

Carotenoid 

Beta carotene[21] 

Solubility: 1 mg/ml 

AUC: 633.81 µg/ml h 

Cmax: 29.3 µg/ml 

Lycopene[22] 

Solubility:3.07 mg/ml 

AUC: 2270.96 ± 455.46 h ng/ml 

Cmax: 121.32 ± 13.47 ng/ml 
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Dose: 15 mg/kg (wistar rat) Dose: 8 mg/kg (wistar rat) 

Polyphenols[16] 

Phenolic acid Stilbenes 

Ellagic acid[23] 

Solubility: 9.3 μg/ml 

auc: 0.72 µg/ml h 

Cmax: 0.21 𝜇g/ml 

Tmax: 0.5 hr 

Dose: 50 mg/kg (wistar rat) 

Revesterol[24] 

Solubility: 30 μg/ml 

AUC: 5.04 µg/ml h 

Cmax: 2.28 𝜇g/ml  

Tmax: 0.25 hr 

Dose: 100 mg/kg (wistar rat) 

Flavanoids 

Flavonol Flavones 

Qurcetin[25] 

Solubility: 3.65 ± 0.03 µg/ml 

AUC: 0.089 ± 38.42 μg h/ml 

Cmax : 0.016± 6.33 µg/ml 

Tmax : 0.53 ± 0.34 hr 

Dose: 50 mg/kg (Sprague-Dawley rat) 

Apigenin[26] 

Solubility: 2.16 μg/ml 

AUC: 146.54±62.44 μg h/ml 

Cmax: 21.38±6.42 μg/ml 

Tmax: 3.60±0.75 hr 

Dose: 10 mg/kg (wistar rat) 

Flavanones 

Hesperetin[27] 

Solubility: 1.4 μg/ml 

AUC: 11.1±3.78 μg h/ml 

Cmax: 3.79±0.65 µg/ml 

Tmax: 0.083 hr 

Dose: 100 mg/kg (Sprague-Dawley rat) 

Novel techniques used for enhancing solubility include, inclusion complexes, 

micronization, solid dispersion, nanosuspension, solid lipid nanoparticles, nanostructured 

lipid carrier, liposomes, self- emulsifying drug delivery systems (SEDDS), and gel based 

systems[28]. 

1.5. Solid dispersion 

In the year 1961, a unique approach of solid dispersion with reduced particle size and 

increased rates of dissolution and absorption was first demonstrated. The term refers to the 
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dispersion of one or more active ingredients in an inactive carrier or matrix at solid phase 

prepared by the melting (fusion), solvent, or melting-solvent method[29]. The solid 

dispersions may also be called solid-state dispersions. The drug is either dispersed within 

the matrices as phase-separated crystalline or amorphous form, or it exists as a 

homogeneous molecular mixture of (amorphous) drug and carrier. Solid dispersions that 

contain drug in the amorphous state that usually show much faster dissolution rates than 

formulations containing a crystalline form of drug, resulting in significant improvements in 

drug absorption by maintaining a very high supersaturation. The drug stabilization in solid 

dispersion is due to factors like intermolecular interactions, anti-plasticization effect 

influenced by the polymer, physical barriers to the crystallization process (local viscosity) 

and therefore the decrease in crystallinity of the drug[30]. The role of the polymeric 

metrics is not limited to stabilization but also improved dissolution rate and bioavailability. 

The principal difference between solid dispersion subtypes is that the physical form of the 

drug and the carrier, which is given in Table 1.3.  As per the Noyes-Whitney equation, the 

dissolution rate is directly proportional to the surface area. Decreasing the particle size or 

enhancing the dispensability of substance increases the surface area of dissolution. Solid 

dispersion technique not only able to enhance the drug dispensability and the surface area, 

but also change drug in a high energy state like: amorphous, molecular or colloidal crystal 

state that largely facilitates the drug dissolution. Poloxamer and Gelucire are used as 

carrier metrics in solid dispersion formulation have the ability of enhancing permeation 

through the intestinal tract and inhibiting drug efflux. These advantages of solid dispersion 

has excellent performances in the oral dosage form of various therapeutic agents[31]. 

Table 1.3: Classification of Solid Dispersion based on carrier used with drug 

First Generation Second Generation Third Generation Fourth generation 

Crystalline Carriers: 

Urea and Sugars 

Amorphous Carrier: 

PVP, PEG, 

Cellulose 

Derivatives 

Carriers having a 

surface activity or 

emulsifying 

properties: Inulin, 

Gelucire, 

Poloxamer 

Controlled release 

solid dispersions: 

Ethyl Cellulose, 

Eudragit RS, 

Eudragit RL, 

Hydroxy propyl 

cellulose. 
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First-generation solid dispersions 

Eutectic mixtures improve the rate of drug release and the bioavailability of poorly water-

soluble drugs compare to conventional formulation. The small particle size with the better 

wettability of the drug were the reasons for the improvement in bioavailability. First 

generation solid dispersions, were prepared using crystalline carriers. Crystalline solid 

dispersions were more thermodynamically stable and did not release the drug as quickly as 

amorphous ones. 

Second generation solid dispersions 

A second-generation solid dispersion containing amorphous matrices. Polymeric carriers 

have been the most successful for solid dispersions, because they are able to originate 

amorphous solid dispersions. In second generation solid dispersions, the drug is in its 

supersaturated state due to forced solubilization in the polymer. These systems can be 

reduced the drug particle size to a molecular level, to solubilize or co-dissolve the drug by 

the water-soluble polymers, to provide better wettability and dispersibility of the drug by 

the polymeric matrices, and to produce amorphous forms of the drug and carriers. Here, 

dissolution of drug dictates by polymers. 

Third generation solid dispersions 

The dissolution profile can be improved if the carrier has surface activity or self-

emulsifying properties. These contain a surfactant carrier, or a mixture of amorphous 

polymers and surfactants as carriers. The inclusion of surfactants in the formulation 

containing a polymeric carrier may help to prevent precipitation and/or protect a fine 

crystalline precipitate from agglomeration into much larger hydrophobic particles. 

1.5.1. Advantages of solid dispersions over other dosage forms to improve 

bioavailability of poorly water-soluble drugs 

Solid dispersions appear to be a better approach to improve drug solubility than other 

solubilization techniques because they are easier to formulate. Solid dispersions are more 

acceptable to patients than solubilization products since they give rise to solid oral dosage 

forms instead of liquid as solubilization products usually do. Solid dispersions are more 
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efficient than these particle size reduction techniques, since the latter have a particle size 

reduction limit around 2–5 mm which frequently is not enough to improve considerably 

the drug solubility or drug release in the small intestine and, consequently, to improve the 

bioavailability[32]. Moreover, solid powders with such a low particle size have poor 

mechanical properties, such as low flow and high adhesion, and are extremely difficult to 

handle. Solid dispersion can apply to acidic, basic, neutral, and Zwitterionic drugs. To 

mask the taste of the drug substance. 

1.5.2. Solid dispersions disadvantages 

Despite extensive expertise with solid dispersions, they are not broadly used in commercial 

products, because during processing (mechanical stress) or storage (temperature and 

humidity stress) the amorphous state may undergo crystallization. Moreover, most of the 

polymers used in solid dispersions can absorb moisture, which may result in phase 

separation, crystal growth or conversion from the amorphous to the crystalline state or 

from a metastable crystalline form to a more stable structure during storage. This may 

result in decreased solubility and dissolution rate[32]. 

1.5.3. How solid dispersion work 

Various Parameters affected on drug release profile in solid dispersion, such as carrier 

molecular weight and composition, drug crystallinity and particle porosity and wettability, 

when successfully controlled, can produce improvements in bioavailability (Figure 1.2) 

[33]. 
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Figure 1.2: Parameters affected in release profile of drug in SD. 

1.5.4. Types of polymers used 

Carriers plays major role in formulation of solid dispersion. They can be hydrophilic or 

hydrophobic or water swellable. Depending on their characteristics they can be used as 

release retardant or release enhancers[34]. 

Table 1.4: Types of carrier used in SD 

Nature Carrier 

Acids Citric acid, tartaric acid, succinic acid, phosphoric acid 

Sugars Dextrose, Mannitol, Sorbitol, Sucrose, Maltose, Galactose, Xylitol 

, Lactose, Soluble starch, D- glucose (Chitosan), Galactose, 

Xylitol, Galactomannan, British gum, Amylodextrin 

Polymeric 

Materials 

Polyvinylpyrrolidone, PEG-4000, PEG-6000,PVP, CMC, 

Hydroxypropyl cellulose, Guar gum, Xanthan gum, Sodium 

alginate, Methyl cellulose, HPMC, Dextrin, ß-CD, HPß-CD, 

Eudragit® L100 sodium salts 

Surfactants Polyoxyethylene stearate, Poloxamer, Deoxycholic acid, Tweens 

and Spans, Docusate sodium, Myrj-52, Pluronic-F68,SLS, 

Particles with reduced particle size

A high surface area is formed, resulting in an 
increased dissolution rate and, consequently, 

improved bioavailability.

Particles with improved wettability

A strong contribution to the enhancement of drug 
solubility is related to the drug wettability 
improvement verified in solid dispersions. 

Particles with higher porosity

The increase in porosity also depends on the 
carrier properties, for instance, solid dispersions 
containing linear polymers produce larger and 

more porous particles than those containing 
reticular polymers

Drugs in amorphous state

The enhancement of drug release can usually be 
achieved using the drug in its amorphous state, 
because no energy is required to break up the 
crystal lattice during the dissolution process. 

How SD work??
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Gelucire 44/14, Vitamine E TPGS NF 

Hydrotropes Sodium acetate, Sodium- o- hydroxy benzoate, Sodiump- hydroxy 

benzoate, Sodium citrate,Resorcinol,Ascarbic acid 

Dendrimers Polyamidoamine (PAMAM), Starburst 

Others Pentaerythritol,Urea, Urethane, Hydroxyalkyl xanthenes, 

Microcrystalline cellulose, Dicalcium phosphate, Silica gel, 

Sodium chloride, Skimmed milk 

 

1.5.5. Mechanisms of incorporation of drug into polymer  

When drug and polymer are in intimate contact then drug occupy void spaces between 

polymeric chain and makes polymer chain relatively flexible. For example, in case of hot 

melt extrusion process, polymer is allowed to heat up to some extent that the heat given is 

responsible for loosening of polymer chain and incorporation of drug molecule into it. 

While in spray drying method the solvent used in process is responsible for weak cohesive 

inter and intramolecular interactions of polymer chain and resulting in the formation of 

solvent polymer interactions[35]. After this, drug molecules dissolved in solvent are 

incorporated into the loosened polymer chains.  

1.5.6. Drug release mechanism from solid dispersion  

In supersaturating drug delivery systems such as solid dispersion spring-like effect is 

observed due to the enhancement of dissolution rate of the drug. At the stage of 

supersaturation decrease in dissolution rate is observed due to drug precipitation. 

Furthermore, in such a system parachute-like effect is observed on the dissolution profile 

of drugs when precipitation inhibitors are added. In solid dispersion diffusion and erosion 

types drug release mechanisms are observed depending on characteristics of polymer and 

the miscibility of the drug and carrier (Figure 1.3)[36,37].  If the carrier is soluble in the 

dissolution medium then the release of ASD is dissolution-controlled mechanism while in 

case of insoluble carrier diffusion-controlled mechanism is observed. 
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Figure 1.3: Drug release from SD 

1.5.7. Method for preparation of solid dispersion 

Various method of preparation of SD shown in below Table 1.5. 

Table 1.5: Various methods for preparation of SD 

Solvent 

method[38] 

Spray drying 

technique 

Slurry of drug and carrier is produced in desire liquid 

or solvent and this slurry will spray from nozzle 

effective drying is complete within the chamber and 

dried product is collected in cyclone. 

Freeze 

drying 

technique 

Solutions of drug and metrics were transferred to round 

bottom flasks and shacked on shaker for mixing. After 

proper mixing, solvents were evaporated by using bit of 

deionize water was added, shaken well, and frozen 

within the electronic deep-freezer. The frozen form is 

then freeze-dried using lyophilizer for complete 

removal of solvents. 

Rotary 

vacuum 

Solution of drug and carriers is produced in desire 

liquid or solvent and this solution will then transferred 
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  evaporation 

technique 

into round bottom flask for removal of solvents under 

required vacuum and temperature. 

Super 

critical fluid 

method 

SCF technique used for the preparation of solvent-free 

solid dispersion dosage form. Within the supercritical 

fluid antisolvent technique CO2 is employed as 

antisolvent for the solute. 

Melting 

Method[29] 

Hot melt 

Extrusion 

Hot Melt Extrusion uses a carriers and drug to from 

molten mass having the mixture of drug and carriers 

passing through extruder at required temperature. 

Then, Molten mass is cooled to the room temperature 

and a solid end outcome mass is collected. 

Fusion 

method 

For fusion method preparation, carrier and drug are 

heated to a molten state and to this present mass, the 

weighed amount of drug is added with continuous 

stirring until dissolved. Then, the collected product was 

stored in a desiccator for 24 h and then pulverized with 

the help of a mortar and pestle and solid powder is 

collected. 

Electrospinning 

And Microwave 

Irradiation[29] 

 In this method charged drug-polymer melt or solution is 

passed through a nozzle and subjected to a high voltage 

(5–30 kV direct current). At a critical point, the 

electrostatic repulsive forces that resulting from the 

applied charge overcome the surface tension in the 

fluid, and a fine stream of fluid is ejected from the fluid 

surface. The nanofibers that are produced have very 

small diameters and very high surface area-to-volume 

ratios, leading to  rapid solidification via cooling or 

solvent evaporation. 

Other 

Techniques[36] 

Co-precipitation method 

Co-milling method 
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1.5.7. Characterization of solid dispersion 

Solid dispersion has complex physicochemical properties so, there is a need for multi-

faceted analytical methods to enable comprehensive characterization, and thermal 

techniques are widely employed for this purpose[39]. 

Table 1.6: various techniques for characterization of SD 

Parameters Technique 

Amorphous state in 

solid dispersion 

Differential Scanning Calorimetry 

Hot stage microscopy 

Humidity stage microscopy 

Polarized light optical microscopy 

Powder X-Ray Diffraction 

Drug-carrier interactions Differential Scanning Calorimetry 

FTIR spectroscopy 

Raman spectroscopy 

Solid state NMR 

Drug-carrier miscibility Differential Scanning Calorimetry 

Hot stage microscopy 

1H NMR Spin lattice relaxation time 

Powder X-Ray Diffraction 

Physical structures Scanning electron microscopy 

Surface area analysis 

Surface properties 

Dynamic vapor sorption 

Inverse gas chromatography 

Atomic force microscopy 

Raman microscopy 

Stability Differential Scanning Calorimetry (Tg, 

temperature of recrystallization) 

Dynamic vapor sorption 

Humidity studies 

Isothermal Calorimetry 

Saturation solubility studies 
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1.6. Standardization of herbal formulation  

 

Figure 1.4: Parameters for standardization of herbal drugs 

According to WHO (1996a and b, 1992), standardization and quality control of herbals is 

the process involved in the physicochemical evaluation of crude drug covering aspects, 

such as selection and handling of crude material, safety, efficacy and stability assessment 

of finished product, documentation of safety and risk based on experience, provision of 

product information to consumer and product promotion[40,41]. 

1.7. Chemical marker for standardization of herbal extracts or 

formulation 

Markers are chemically defined constituents of a herbal drug which are of interest for 

quality control purposes independent of whether they have any therapeutic activity or not. 

Markers may serve to calculate the amount of active component of herbal drug or 

preparation in the finished product[42]. 

The quantity of a chemical marker can be an indicator of the quality of an herbal medicine.  
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Texture.
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techniques
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Applications of chemical markers 

✓ Identification of adulterants. 

✓ Differentiation of herbal medicines with multiple sources 

✓ Determination of the best harvesting time 

✓ Confirmation of collection sites 

✓ Assessment of processing methods 

✓ Stability test of proprietary products- Stability test is used to evaluate product 

quality over time and determine recommended shelf life. 

1.7.1. Types of chemical markers. 

Table 1.7: Types of markers for standardization of herbal drugs and formulation 

Active principle Chemicals with known 

clinical activity 

Ephedrine in Ephedra sinensis 

Active markers With known 

Pharmacological activity that 

contributes to efficacy. May or 

may not have proven clinical 

Efficacy. 

Allin in Allium sativum 

Analytical 

markers 

Serve solely for 

Analytical purposes & have 

no clinical or pharmacological 

activities. 

Different alkylamides found in 

roots of Echinacea angustifolia 

and Echinacea purpurea but 

totally absent in Echinacea pallid. 

Negative 

markers 

Demonstrate allergenic or 

toxic properties or those 

which interfere with 

Bioavailability. 

Gingolic acids in ginkgo 

preparations (allergenic agent). 

1.8. Role of analytical tools in characterization of bioactive compounds 

Herbs or botanicals used in folk medicine usually contain dozens of bioactive compounds 

and in many cases, it is not clear which of these compounds underlie an herb's medical 

use. Besides identification of the active principles from the multitude of constituents 

analytical assessment of plant material and the products thereof is of major 
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importance[43].
 
For that, Various analytical tools used for separation and structure 

elucidation are given in Table 1.8. 

 

Table 1.8: Various analytical tools for separation and structure elucidation of 

bioactive phyto-constituents 

Offline Online 

Preparative scale bio guided fractionation 
 

HPLC micro fractionation 
 

UV-DAD MS 

NMR 

HPLC post column biochemical detection 
 

Bio-chromatography 
 

Electrophoretic enzyme assay 

Hyphenated techniques 

 
HPLC-UV-DAD, HPLC-MS 

GC-MS 
 

HPLC-SPE-NMR, UPLC-DAD-TOF-MS 

1.9. Aim and objective of work 

The aim of the present study is formulation development and standardization of 

Ashwgandha, Punarnava and Shatavari root extract as rejuvenating herbs. 

1.9.1. Rational 

Plant extract having lower bioavailability due to its low solubility and have high dose 

requirement. 

Preparation of solid dispersion of Ashwgandha, Punarnava and Shatavari root extract may 

improve the dissolution profile which might leads to improvement in bioavailability. 
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1.9.2. Objectives  

✓ Collection of selected plants. 

✓ Authentication of selected plants. 

✓ Preparation of different extracts based on the polarity of solvents. 

✓ To perform In vitro antioxidant study of extracts. 

✓ To develop and validate UHPLC method for markers and standardization of 

extracts. 

✓ To develop solid dispersion formulation of selected extract. 

✓ To perform standardization of formulation. 

✓ Characterization of prepared formulation by suitable analytical techniques. 

✓ To perform In vitro antioxidant study of formulation. 

✓ To study In vitro dissolution of prepared formulation. 

✓ To perform stability study of prepared formulation for the appropriate time 

duration (6 months). 
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CHAPTER-2 

Literature review 

2.1. Literature review for extraction procedure, TPC and in vitro anti 

oxidant activity  

Title Parameters/ Material/ Method Conclusion 

Comparative 

evaluation of 

different extraction 

methods for 

antioxidant and 

anti-inflammatory 

properties from 

Osbeckia parvifolia 

Arn. – An 

in vitro approach[1] 

Extraction process: Maceration, 

Successive Soxhlet extraction, 

Fractionation. 

Solvent: n-hexane, ethyl acetate, 

methanol, and ethanol 

In vitro test: TPC, TTC, TFC, DPPH, 

FRAP, Metal ion chelating activity, 

Lipid peroxidation inhibition assay. 

A different method of 

extraction and solvents 

show a huge influence 

on the antioxidant and 

anti-inflammatory 

activity of extracts. 

 

Phytochemical and 

antioxidant 

properties of 

different solvent 

extracts of Kirkia 

wilmsii 

Tubers[2] 

Extraction process: by sonication in 

an Integral Systems ultrasonic bath 

Solvent: ethanol, methanol, 

methanol/chloroform/water, 80% 

methanol, 60% methanol, water, 

dichloromethane, chloroform, acetone, 

hexane, diethyl ether, ethyl acetate 

In vitro test: TPC, TFC, DPPH 

Alcohol, chloroform, 

aqueous methanol, and 

water may be used as 

solvents for 

phytochemical 

extraction from K. 

wilmsii tubers. 

Effect of extraction 

solvents on the 

phenolic 

compounds and 

Extraction process: using the 

magnetic stirrer and hotplate at 1200 

rpm for one hour at room temperature 

(25 ±1˚C). 

Aqueous acetone extract 

showed the highest 

amount of total phenols) 

and total flavonoids. 
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antioxidant 

activities of bunga 

kantan (Etlingera 

elatior Jack.) 

inflorescence[3] 

Solvent: methanol, acetone (50%, 

90% and 100%, v/v) and distilled 

water 

In vitro test: TPC, TFC, DPPH, 

FRAP,  

anthocyanins found 

highest in aqueous 

methanol extract. 

Tannin was found to be 

highest in neat 

methanolic extract. 

Evaluation of the 

Antioxidant 

Activity of Novel 

Synthetic 

Chalcones and 

Flavonols[4] 

In vitro test: DPPH, ABTS, Nitric 

oxide (NO), and Lipid Peroxidation 

scavenging methods. 

Chalcones and flavones, 

when tested using 

different in vitro anti-

oxidant methods it 

showed that the ABTS 

method gave better 

antioxidant activity for 

both flavones and 

chalcones while the 

DPPH• method showed 

antioxidant profile only 

for flavones. 

Effect of extraction 

solvent on total 

phenol content, 

total flavonoid 

content, and 

antioxidant activity 

of Limnophila 

aromatica[5] 

Extraction process: The mixture was 

centrifuged (13,000g, 25˚ C) for 20 

minutes. 

Solvent: Water and various 

concentrations (50%, 75%, and 100%) 

of methanol, ethanol, and acetone 

In vitro test: TPC, TFC, Total 

antioxidant activity, FRAP, DPPH.  

Extraction yield 

increased with 

increasing water content 

in ethanol, acetone, and 

methanol system. This 

may be caused by the 

combination of organic 

solvent and water that 

facilitates the extraction 

of all compounds that 

were soluble in both 

water and organic 

solvents. 

Application and 

Analysis of the 

Extraction process: By turbo-

extraction 

UV-Vis 

spectrophotometric 
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Folin Ciocalteu 

Method for the 

Determination of 

the Total Phenolic 

Content from 

Limonium 

Brasiliense L[6] 

Solvent: 7:3 Acetone : Water (v/v) 

In vitro test: TPC 

method described here 

was successfully 

validated as suitable for 

the determination of TP 

of CE from L. 

brasiliense. 

2.2. Literature review for analytical method development  

Title Parameters/ Material/ Method Description 

Ashwagandha  

Development and 

Validation of High 

Performance Liquid 

Chromatography 

Method for 

Simultaneous 

Estimation of 

Flavonoid 

Glycosides in 

Withania somnifera 

Aerial Parts[7] 

Instrument: HPLC 

Column: Phenomenex Luna C18, 5µ , 

250 X 4.6 mm 

Mobile phase: A: potassium 

dihydrogen orthophosphate with o- 

phosphoric acid : B- ACN ( Gradient)  

Flow rate: 1.5 mL/min 

Wavelength: 350 nm 

Injection volume: 20 µl 

The RSD for precision 

was less than 2.5% and 

the recovery study was 

between 90–108%.  

IP[8] Instrument: HPLC 

Column: C18, 5µ , 250 X 4.6 mm  

Mobile phase: A- potassium 

dihydrogen phosphate, adjust to pH 

2.8 with dilute phosphoric acid 

B. Acetonitrile (gradient) 

Flow rate: 1.5 ml/ min 

Wavelength: 227 nm 

Injection volume: 20 µl 

The test is not valid 

unless the RSD for the 

replicate injections for 

both the analyte peaks is 

not more than 2.0 % and 

resolution is not less than 

2.0. 

USP[9] Instrument: HPLC The test is not valid 



Chapter-2 Literature Review 

28 

 

Column:  C18, 5 µ, 250 X 4.6 mm 

Mobile phase: A- potassium 

dihydrogen phosphate with dilute 

phosphoric acid: B- ACN (gradient) 

Flow rate: 1.5 ml/min 

Wavelength: 227 nm 

Injection volume: 20 µl 

unless the RSD for the 

replicate injections for 

both the analyte peaks is 

not more than 2.0 % and 

resolution is not less than 

2.0. 

Quantitative 

determination of 

multi markers in 

five varieties of 

Withania somnifera 

using ultra-high-

performance liquid 

chromatography 

with hybrid triple 

quadrupole linear 

ion trap mass 

spectrometer 

combined with 

multivariate 

analysis: 

Application to 

pharmaceutical 

dosage forms[10] 

Instrument: UHPLC 

Column: C18 column (2.1 mm× 50 

mm, 1.7 μm) 

Mobile phase: (A) 0.1% (v/v) formic 

acid in water and (B) acetonitrile 

(Gradient) 

Flow rate: 0.3 ml/min 

Detector: Mass Spectrometer 

Injection volume: 5 µl 

The R2 was found to be  

0.9989-0.9998, Precision 

(RSD, 0.16–2.01%), 

stability (RSD, 1.04 –

1.62%) and recovery 

(RSD ≤ 2.45 %) were 

found under optimum 

conditions.  

 

Extraction 

Optimization for 

Phenolic- and 

Withanolide-Rich 

Fractions from 

Withania somnifera 

Roots: 

Identification and 

Instrument: HPLC 

Column: C18, 5µ, 250 X 4.6 mm 

Mobile phase: A-  acetonitrile (40%) : 

B- 0.1% acetic acid in water (60%) 

Flow rate: 1 ml/min 

Wave length: 230 nm 

Injection volume: 20 µl 

Validated HPLC 

methods were developed 

for Withaferin-A,12-

deoxywithastromonolide, 

and withanolide A. 

Regression co-efficient, 

% recovery, precision 

were found to be within 
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Quantification of 

Withaferin A, 12-

Deoxywithastromo

nolide, and 

Withanolide A in 

Plant Materials and 

Marketed 

Formulations Using 

a Reversed-Phase 

HPLC–Photodiode 

Array Detection 

Method[11] 

range. 

Punarnava 

Quantitative 

Analysis of 

˚Boeravinones in 

the Roots of 

Boerhaavia Diffusa 

by UPLC/PDA[12] 

Instrument: UPLC 

Column: C18- (2.1 × 100 mm, 1.7 

μm) 

Mobile phase: A- methanol: B- water 

(0.1% acetic acid) (Gradient) 

Flow rate: 0.4 ml/min 

Wave length: 273 nm 

Injection volume: 2 µl 

The UPLC method 

developed showed R2 ≥ 

0.9999. All the 

validation parameters 

were found to be within 

the limits as per ICH 

guidelines. 

RP-HPLC Method 

for the 

simultaneous 

quantitation of 

boeravinone E and 

boeravinone B in 

Boerhaavia diffusa 

extract and its 

formulation[13] 

Instrument: HPLC 

Column: Inertsil ODS-3 column (250 

mm × 4.6 mm, 5µm) 

Mobile phase: A- 0.1% v/v 

orthophosphoric acid in water : B- 

acetonitrile 

Flow rate: 1.0 mL/min 

Wave length:276 nm 

temperature :  40˚C ± 5˚C 

Injection volume: 50 µl 

LOD for boeravinone E 

and boeravinone B were 

found to be 2.1 and 0.61 

µg/mL, respectively, and 

the LOQ for boeravinone 

E and boeravinone B 

were found to be 6.93 

and 2.1 µg/mL, 

respectively, R2  0.9989 

and 0.9991 was found to 

be in the range for 

boeravinone E and B, 
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respectively.  % recovery 

observed from the 

extracted sample was 

95.22–95.83%. 

A Rapid Bio-

Analytical Method 

for Simultaneous 

Quantification of 

Boeravinone B and 

Eupalitin-3-O-Β-D-

Galactopyranoside 

from Boerhaavia 

Diffusa Using LC-

MS/MS[14] 

Instrument: UPLC 

Column: C8 (100 x 4.6mm), 5μ 

Mobile phase: 2mM Ammonium 

Formate (pH 3.00 ±0.05): Acetonitrile 

(20:80 v/v) 

Flow rate: 0.6 ml/ml 

Detector: Mass spectrometer 

R2 were ≥0.9926 for 

Boeravinone B and 

≥0.9845 for Eupalitin-3-

O-β-Dgalactopyranoside. 

% recovery of 

Boeravinone B was 

88.66% and for 

Eupalitin-3-O-β-

Dgalactopyranoside 

was 97.01% 

Structural 

characterization and 

quantitative 

determination of 

bioactive 

compounds in 

ethanolic extracts 

of Boerhaavia 

diffusa L. 

by liquid 

chromatography 

with tandem mass 

spectrometry[15] 

Instrument: UPLC 

Column: C18 column (1.7 μm, 2.1 

mm × 50 mm) 

Mobile phase: A- Formic acid 

(0.1%)in water : B-acetonitrile 

Flow rate: 0.3 ml/min 

Detector: Mass spectrometer. 

Injection volume: 4 μl 

Validation parameters: 

Linearity (R2 ≥ 0.9991), 

accuracy (LOD: 0.01–

1.40 ng/ml and LOQ: 

0.05–4.26 ng/ml) and 

precision (% RSD: 0.25–

3.45 

for intra-day, and 0.26–

3.25 for inter-day), 

stability (% RSD: 0.16–

1.87) and recoveries with 

RSD (98.67–104.16, % 

RSD: 0.20–4.06). 

IP[16] Instrument: HPLC 

Column: C18, 5μ, 250 X 4.6 mm  

Mobile phase: A.  gradient mixtures 

of water; B. acetonitrile,  

Flow rate: 1 ml/min 

Wavelength: 272 nm 

The test is not valid 

unless the RSD for the 

replicate injections for 

both the analyte peaks is 

not more than 2.0 % and 

resolution is not less than 
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Injection volume: 20 μl 2.0. 

Shatavari 

Characterization of 

Shatavarin-IV in 

root extracts of 

Asparagus 

racemosus by 

UHPLC[17] 

Instrument: HPLC 

Column: C18, 5 µ, 250 X 4.6 mm 

Mobile phase: Methanol:HPLC Water 

(80:20 % V/V) 

Flow rate: 1 ml/min 

Wavelength: 205 nm 

linearity (R2 > 0.998) 

over the concentration 

range of 7.5 to 254 

ng/mL with LOD of 2.5 

ng/mL. Precision (RSD) 

and accuracy (recovery) 

were found in the ranges 

of 2.00 to 5.15 and 102 

to 110%, respectively. 

Quantification of 

Saponins in 

Asparagus 

racemosus by 

HPLC-Q-TOF-

MS/MS[18] 

Instrument: HPLC 

Column: Phenomenex Luna C8 

column (100ºA, 5μm, 150 x 4.6 mm) 

Mobile phase: Gradient mode 

0.1% formic acid in water (eluent A) 

and 0.1% formic acid in acetonitrile 

(eluent B). 

Flow rate: 0.6 ml/min 

Detector: Mass spectrometer 

(RSD) > 2%, LOD and 

LOQ <10 and 50 ng, 

respectively. recoveries 

ranged from 95% to 

105%, with RSD ranging 

from 0.7% to 4.5%. 

Determination of 

Shatavarin IV in 

Root Extracts of 

Asparagus 

racemosus by 

HPLC-UV(19) 

Instrument: HPLC 

Column: Kromasil C18 column (250 

× 4.6mm, 5 µm) 

Mobile phase: Acetonitrile and water 

(30:70 %v/v) 

Flow rate: 2 ml/min 

Wavelength: 205 nm 

Injection volume: 20 μl 

The average amount of 

shatavarin IV in two 

kinds of dry extracts 

were 0.36 and 3.42 % 

(w/w). 

HPLC/Tandem 

Mass Spectrometric 

Studies on Steroidal 

Saponins: An 

Example of 

Instrument: HPLC 

Column: Luna C18 column (50 × 4.6 

mm, 5 μm 

Mobile phase: (0.1% acetic acid in 

Water)–Acetonitrile (0.1% acetic acid) 

The R2 and LOD were 

found to be 0.998 and 

2.5 ng/mL respectively. 

Precision (RSD) and % 

recovery were found to 
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Quantitative 

Determination of 

Shatavarin IV from 

Dietary 

Supplements 

Containing 

Asparagus 

racemosus[20] 

(70:30 %v/v) 

Flow rate: 0.8 ml/min 

Detector : Mass spectrometer 

be 2.00 to 5.15 and 102 

to 110%, respectively. 

IP [21] Instrument: HPLC 

Column: C18 column (250 × 4.6mm, 

5 µm) 

Mobile phase: Acetonitrile: water 

(60:40 %v/v)  

Flow rate: 1 ml/min 

Detector:Evaporative Light Scattering 

Detector 

Injection volume: 20 μl 

The test 

is not valid unless the 

RSD for the 

replicate injections for 

both the analyte peaks is 

not more 

than 2.0 % and 

resolution is not less than 

2.0. 

2.3. Literature review for preparation of solid dispersion 

Title Parameters/ Material/ Method Description 

Enhanced 

dissolution rate and 

oral bioavailability 

of Ginkgo biloba 

extract by preparing 

solid dispersion via 

hot-melt 

extrusion[22] 

Method: Hot melt extrusion 

Excipient: Kollidon® 

VA64/Kolliphor® RH40 (85:15) spray-

dried powder 

Physical parameters: DSC, PXRD, 

FTIR 

The in vitro dissolution 

of Total Flavonoid was 

95.21%, while the pure 

extract and physical 

mixtures were 35% and  

50%, respectively, 

within 2 h. 

Preparation and In 

Vitro Evaluation of 

Solid Dispersions 

of Total Flavones 

Method: Solvent evaporation 

Excipient: Poloxamer 188 

Physical parameters: FTIR, DSC, 

SEM, PXRD 

In vitro dissolution rate 

of pure extract and 

physical mixture is very 

low as compared to the 
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of Hippophae 

rhamnoides L.[23] 

 optimized formulation. 

Enhancement of 

solubility and 

dissolution rate of 

baicalein, wogonin, 

and oroxylin A 

extracted from 

Radix 

scutellariae[24] 

Method: Solvent method 

Excipient: Poloxamer 407, Poloxamer 

188 and Povidone K-30, Polyethylene 

glycol 3400 and 8000 

Parameters: DSC, Solubility, 

Stability. 

In vitro release of 

baicalein, wogonin and 

oroxylin A, were found 

to be approximately 

100% within 2hr, in SD 

prepared with PVP K-

30, in pH 6.8 buffer. 

Formulation and in 

vitro absorption 

analysis of 

Rhizoma paridis 

steroidal 

saponins[25] 

Method: Solvent method 

Excipient : PK 30, P 407, P 188, 

mannitol, dextrin, PEG 4000 and PEG 

6000 

Parameters: particle size, solubility, in 

vitro absorption study 

SD directly impacts the 

particle size of saponins 

in the aqueous solution, 

thus enhanced the 

solubility of the 

saponins 3.5 times, and 

improved the absorption 

transport of saponins 

from 48 to 104 µg in an 

everted gut sac of the rat 

system. 

Enhancement of 

Solubility and 

Dissolution Rate of 

Cryptotanshinone, 

Tanshinone I and 

Tanshinone IIA 

Extracted from 

Salvia 

miltiorrhiza[26] 

Method: Solvent method 

Excipient: poloxamer 407 and PVP K-

30  

Parameters: Solubility test, 

Dissolution test 

Poloxamer 407 showed 

superior performance 

followed by PVP K-30 

as a carrier in SD 

preparation.  

Improved 

dissolution of 

Kaempferia 

Method: The solvent method 

Excipient: PVA-co-PEG, Soluplus, 

PVP-K30, HPMC-K4M, PEG-4000. 

Extract to polymer 

ration, 1:2 and 1:1, for 

KPD/HPMC (43.71%) 
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parviflora extract 

for oral 

administration by 

preparing solid 

dispersion via 

solvent 

evaporation[27] 

Parameters: Hot stage microscopy, 

PXRD, DSC, in vitro dissolution. 

and KPD/PVA-co-PEG 

SD (75.74%/), 

respectively, was 

showed highTMF in 

vitro release compare to 

pure extract (15.21%) in 

15 min.. 

Ginger Extract-

Loaded Solid 

Dispersion System 

with Enhanced Oral 

Absorption and 

Antihypothermic 

Action[28] 

Method : Solvent method 

Excipient : HPC, 1,4-dioxane 

Parameters: SEM, solubility, in vitro 

dissolution Test, Bioavailability study 

SD of Einger extract 

exhibited improved in 

vitro release of the 

major active ingredients 

in ginger extract, e.g. 6-

gingerol and 8-gingerol, 

with 12- and 31-fold 

higher in vitro 

dissolution than extract, 

respectively. 
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CHAPTER-3 

Plant and Excipient Profile  

Table 3.1. Plant profile of W. somnifera root [1] 

Biological 

Source 

It consists of the dried root of Withania somnifera L belonging to the 

family Solanaceae. 

Synonyms Ashwagandha, Suranjan, Winter cherry, Indian ginseng 

Geographical 

Distribution 

Africa, the Mediterranean, Sri Lanka, Pakistan, and India 

Chemical 

Constituents 

Major constituents: 

                     

 

Therapeutic 

Uses 

Immunomodulator, Strength promoting, Adaptogenic, Rejuvenator, etc. 
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Important 

Formulation 

Asvagandhadyarista, Asvagandhadi leha, Balasvagandha laksadi taila 

Table 3.2 Plant profile of B.diffusa root[2] 

Biological 

Source 

It consists of a dried whole part of Boerhavia diffusa L belonging to the 

family Nyctaginaceae. 

Synonyms Rakta punernava, Hog weed 

Geographical 

Distribution 

Australia, China, Egypt, Pakistan, Sudan, Sri Lanka, South Africa, 

USA, and several countries of the Middle East. 

Chemical 

Constituents 

Major constituents: 

 

Therapeutic 

Uses 

Immunomodulator, in hepatic disorder, in inflammatory disorder, as 

rejuvenator, etc. 

Important  

Formulation 

Punernavasaka  kvatha  churna, Punernavadi  mandura 
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Table 3.3 Plant profile of A. racemosus root[3] 

Biological Source It consists of tuberous roots of Asparagus racemosus willd 

belonging to family Liliaceae. 

Synonyms Satavari, Satmuli, Asparagus 

Geographical 

Distribution 

Throughout India  and Northern Australia 

Chemical Constituents Major constituents: 

 

 

 

• Glycosides,  

• saponin,  

• sitosterol 

• Major constituents 

• Shatavarin I-IV 

Therapeutic Uses Galactogogue, Immunomodulator. 

Important Formulation Amlapitta, Arsa, Raktatisara, Raktapitta. 

 

  

https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Australia
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Table 3.4 Excipient profile of polymers 

PVP K30 [4] 

Synonym 

E1201; Kollidon; Plasdone; poly [1-(2-oxo-1 

pyrrolidinyl) ethylene]; polyvidone; 

polyvinylpyrrolidone; povidonum; Povipharm; PVP; 1-

vinyl-2-pyrrolidinone polymer  

CAS Number 9003-39-8 

Molecular Weight Approximately 40,000 g mol-1 

IUPAC name 1-ethenylpyrrolidin-2-one 

Structure  

 

 

Functional Category 
Disintegrant; dissolution enhancer; suspending agent; 

tablet binder  

Physical state & 

Appearance  

Povidone occurs as a fine, white to creamy-white 

colored, odorless, or almost odorless, hygroscopic 

powder. Povidones with K-values equal to or lower than 

30 are manufactured by spray-drying and occur as 

spheres. Povidone K-90 and higher K-value povidones 

are manufactured by drum drying and occur as plates. 

Glass transition 

temperature 
160oC 

Solubility 

Freely soluble in acids, chloroform, ethanol (95%), 

ketones, methanol, and water; practically insoluble in 

ether, hydrocarbons, and mineral oil. 

Safety 

Povidone has been used in pharmaceutical formulations 

for many years, being first used in the 1940s as a plasma 

expander, although It has now been superseded for this 

purpose by dextran.  

Povidone is widely used as an excipient, particularly in 

oral tablets and solutions. When consumed orally, 
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povidone may be regarded as essentially nontoxic since it 

is not absorbed from the gastrointestinal tract or mucous 

membranes. Povidone does not have an irritant effect on 

the skin and sensitization. Reports of adverse reactions to 

povidone primarily concern the formation of 

subcutaneous granulomas at the injection site of 

intramuscular injections formulated with povidone. 

Evidence also exists that povidone may accumulate in 

the organs of the body following intramuscular injection. 

A temporary acceptable daily intake for povidone has 

been set by the WHO at up to 25 mg/kg body weight.  

LD50 (mouse, IP): 12 g/kg  

Status 

PVPK30 is included in FDA Inactive Ingredients 

Database, non-parenteral medicines licensed in the UK, 

Canadian List of Acceptable Non-medicinal Ingredients  

 

HPMC AS L [5] 

Synonym Aqoatn, Aqoat AS-HF/HG, Aqoat AS-LF/LG,  Aqoat 

AS-MF/MG; cellulose, 2-hydroxypropyl methyl ether, 

acetate succinate; HPMCAS. 

CAS Number 71138-97-1 

Molecular Weight 10,000-500000 dalton 

IUPAC name Cellulose, 2-hydroxypropylmethyl ether, acetate 

hydrogen butane dioate 

Structure   

 

Functional Category Used as a controlled-release agent, solubility enhancing 

agent, enteric coating agent, film-forming agent, 

sustained-release agent. 
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Physical state & 

Appearance  

white to the off-white color of powder or granules. It has 

a faint acetic acid-like odor and a barely detectable taste. 

Glass transition 

temperature 

Near to 119oC 

Solubility Practically insoluble in ethanol (95%), hexane, 

unbuffered water, and xylene. On the addition of acetone, 

or a mixture of ethanol (95%) and dichloromethane (1:1), 

a clear or turbid viscous solution is produced. 

Safety The safety and pharmacological profiles of hypromellose 

acetate succinate are similar to those of other ether and 

ester derivatives of cellulose. All nonclinical studies 

reported in the literature identified no target organs for 

toxicity by hypromellose acetate succinate. It has also 

been reported that hypromellose acetate succinate does 

not alter fertility in rats, does not produce any 

developmental anomalies in rats and rabbits, and does 

not alter perinatal and postnatal development in rats 

when assessed up to 2500 mg/kg body-weight. 

Status Included in the FDA Inactive Ingredients Database for 

use in oral preparations (capsules, and delayed-action 

preparations). Hypromellose acetate succinate has been 

approved for use in commercial pharmaceutical products 

in the USA and in Japan. 

 

HPMC E5 LV PREMIUM [6] 

Synonym Benecel MHPC; E464; hydroxypropyl methylcellulose; 

HPMC;hypromellosum; Methocel; methylcellulose 

propylene glycol ether;methyl hydroxypropylcellulose; 

Metolose; MHPC; Pharmacoat;Tylopur; Tylose MO. 

 CAS Number 9004-65-3 

 Molecular Weight Aproximately 35000 Dalton 

IUPAC name O-methylated and O-(2-hydroxypropylated) cellulose 
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Structure  

 

Functional Category Bioadhesive material; coating agent; controlled-release 

agent;dispersing agent; dissolution enhancer; emulsifying 

agent; emulsion stabilizer; extended-release agent; film-

forming agent; foaming agent; granulation aid; modified-

release agent; mucoadhesive;release-modifying agent; 

solubilizing agent; stabilizing agent;suspending agent; 

sustained-release agent; tablet binder; thickening agent; 

viscosity-increasing agent. 

Physical state & 

Appearance  

White or creamy-white, fibrous, or granular powder. 

Glass transition 

temperature 

Approximately 172oC 

Solubility Soluble in cold water, forming a viscous colloidal 

solution; practically insoluble in hot water, chloroform, 

ethanol (95%), and ether, but soluble in mixtures of 

ethanol and dichloromethane, mixtures of methanol and 

dichloromethane, and mixtures of water and alcohol. 

Safety Hypromellose is widely used as an excipient in oral, 

ophthalmic, nasal, and topical pharmaceutical 

formulations. It is also used extensively in cosmetics and 

food products. Hypromellose is generally regarded as a 

nontoxic and nonirritating material, although excessive 

oral consumption may have a laxative effect. The WHO 

has not specified an acceptable daily intake for 

hypromellose since the levels consumed were not 

considered to represent a hazard to health. In fact, high 

dosages of hypromellose are being investigated for 

treating various metabolic syndromes. 

LD50 (mouse, IP): 5 g/kg 
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LD50 (rat, IP): 5.2 g/kg 

Status GRAS listed. Also, accepted for use in food additives in 

European countries. Included in the FDA Inactive 

Ingredients Database (which contains ophthalmic 

preparations, nasal preparations, oral capsules, 

suspensions, syrups, and tablets, topical and vaginal 

preparations). Included in non-parenteral medicines 

licensed in the UK. Included in the Canadian List of 

Acceptable Non-medicinal Ingredients. 

 

SOLUPLUS [7] 

Synonym Soluplus graft polymer 

CAS Number 402932-23-4 

Molecular Weight 90,000 to 140,000 g/mol 

IUPAC name (polyvinyl caprolactam-polyvinyl acetate-polyethylene 

glycol graft copolymer (PCL-PVAc-PEG)) 

Structure   

 

Functional Category Better solubilization properties, enables bioavailability 

enhancement, Ideal for all standard granulation 

techniques, Market proven solution for unique 

formulation challenges. 

Physical state & 

Appearance  

White granules, Amphiphilic structure: polymer 

solubilizer perfectly combined in one product 

Glass transition 

temperature 

Approximately 70oC 
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Solubility Soluplus is soluble in water in any ratio, soluble in 

acetone (up to 50%), methanol (up to 45%), Ethanol (up 

to 25%) and dimethylformamide (up to 50%). A higher 

concentration of soluplus may lead to a cloudy or turbid 

aqueous solution. That occurs because of the formation 

of colloidal micelles of soluplus polymer. 

Safety Product safety is demonstrated by comprehensive 

toxicological data. A wide range of toxicological studies 

have been performed on Soluplus®, and the safety of the 

product has been documented in comprehensive studies. 

Status BASF Registered product, US-DMF (Type IV DMF, 

containing CMC information), Regulatory Information 

File (RIF) with equivalent content to an open 

part/application part of DMF. Approved status in Taiwan 

and argentina from 2017. 
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CHAPTER-4 

Extraction procedure of Ashwagandha root extract 

and its in vitro antioxidant test 

4.1. Materials and Methods 

4.1.1. Materials 

Folin–Ciocalteau reagent, DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid)), Ascorbic acid, Quercetin, Gallic acid were 

purchased from Sigma–Aldrich. The Solvent used for extraction were analytical grade 

(Sigma Aldrich) and other chemicals used for various tests were of analytical grade (Sigma 

Aldrich). 

4.1.2. Collection and Identification of plant material 

The Root of W. somnifera was collected from the local market and authentication was 

confirmed by NISCAIR/RHMD- Delhi, India, with Ref No. 2018/3279-80-2. The dried 

root sample was powdered and store in the packed container under cool conditions for 

further use. 

4.1.3. Preparation of plant extracts 

Fine root powder of W. somnifera (20 gm) was taken in the round bottom flask and 

extracted with different solvents (200 ml) separately such as Toluene, Dichloromethane, 

Chloroform, Ethyl Acetate, Acetone, Ethanol, Methanol, Water, 60 %v/v aqueous 

Methanol (60 %v/v aq. Methanol) in mechanical stirr at a constant stirring rate (300 rpm) 

under 25˚C-35˚C. The extraction process repeated for three times an interval of 12 hr. Each 

solvent extract was filtered through Whatman filter paper no. 1 and concentrated under 

reduced pressure at 45˚C-50˚C using a rotary evaporator and concentrated extract was 
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further dried under lyophilization.  After the lyophilization, the dried extract was stored 

under 4˚C-10˚C in an airtight container for further use. 

4.1.4. Total Phenolic Content (TPC) 

The total phenolic content of the dry extracts of W. somnifera was determined by Folin-

Ciocalteu test, this method was slightly modified by Shaikh Abusufyan et al. [19,20]. 

Standard and sample readings were measure by using a spectrophotometer at 765 nm 

against the blank. 

The test sample of W. somnifera (0.2 ml) was mixed with 0.6 ml of water and 0.2 ml of 

Folin-Ciocalteu’s (FC) phenol reagent (1: 1). After a 5-minute, 1 ml of Na2CO3 solution (8 

% w/v in water) was added to the FC solution and the volume was made up to 3 ml with 

water and vortexed for 10 minutes. The reaction mixture was kept in the dark place for 

30 min and after centrifugation, the absorbance of different samples was measured at 

765 nm in a spectrophotometer. Total phenolic content was calculated as GAE/g gallic acid 

equivalents of dry plant material based on a standard calibration curve of gallic acid (5-

500 µg/ml). Overall, all determinations were carried out in triplicate. 

4.1.5. Total Flavonoid Content (TFC) 

Total flavonoid content was calculated by the aluminum chloride spectroscopic method 

[3,4].  The 2.5 ml (500 µg/ml) of the extract was mixed with 2 ml of distilled water and 

add 2 ml of 5% sodium nitrite, incubated this mixture at 25 ˚C for 5 min. After then add 2 

ml of AlCl3 and incubate for 6 min. Add 1 M NaOH solution, mix vigorously, and kept it 

for 15 min at room temperature and measured at 512 nm versus blank. The total flavanoid 

content of different extracts was calculated from the calibration curve, as mg of quercetin 

equivalent per g dry weight. Calibration of quercetin was prepared in a range of 1- 500 

µg/ml in MeOH. All extracts were analyzed in triplicates. 
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4.1.6. Total Tannin Content (TTC) 

Total tannin content of the dry extracts of W. somnifera was determined via polyvinyl 

polypyrrolidone (PVPP)[5,6] 

The test sample of W. somnifera (1 ml) (500 µg/ml), 200 mg PVPP was mixed with 2 ml 

distilled water and vortexed for 10 minutes. The reaction mass was kept at 40˚C-100˚C for 

2 hours and after centrifuging, collect the supernatant and perform the same procedure of 

Total phenolic content. Supernatant has phenolics constituents, other than the tannins (the 

tannins would have been precipitated along with the PVPP). From the above results, the 

Total Tannin Content of the various extracts was calculated as follows: 

Tannins (%) = Total Phenolics (%) - Non-Tannin Phenolics (%) 

4.1.7. In vitro Antioxidant Potential 

4.1.7.1. DPPH Assay 

DPPH assay method was used for determining the antioxidant activity. DPPH (α, α-

diphenyl-β-picrylhydrazyl) is stable free radical, which reducing by hydrogen atom from 

antioxidants and converting to corresponding hydrazine[7,8]. 

The % Scavenging effect of Various concentrations of different extracts of W. somnifera 

was measured by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay. The four ml of 

freshly prepared 0.2mM DPPH solution in Methanol and 2 ml of each extract mixed in a 

range of 50-500 µg/ml. This solution was incubated for 20 min in a dark and cool place. 

The resulting solution was shaken dynamically for 10 min and incubated for 30 min. The 

test sample was measured at 517 nm using a spectrophotometer. Here, ascorbic acid was 

used as a standard. The percentage of DPPH radicle scavenging property of the sample was 

calculated using the following equation: 

% radical scavanging activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 
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4.1.7.2. Ferric Reducing Power Assay (FRAP)  

Ferric reducing the capacity of extracts was determined using potassium ferricyanide-ferric 

chloride method[9,10]. Two ml of different concentration range (50-500 µg/ml) of an 

extract W. somnifera, 2 ml of phosphate buffer (6.6 pH) mixed with 2 ml of 1% Potassium 

Ferricyanide. Kept this solution at 50°C in a water bath for 20 min. Subsequently, cool the 

solution at room temperature, added 1.5 ml of aqueous 10% trichloroacetic acid, and 2 ml 

of 0.1% Ferric Chloride. Measured absorbing power in a spectrophotometer at 725 nm 

against distilled water. Blank was prepared as an above-mentioned method without extract. 

The Solution of ascorbic acid was used as a positive control. Each extract was assayed in a 

triplicate manner for each concentration. The concentration of extract corresponding to 50 

percent inhibition (IC50) was obtained from the curve of percentage reducing activity 

against extract concentration. 

% reducing activity =
Absorbance of sample − Absorbance of blank

Absorbance of blank
× 100 

4.1.7.3. ABTS free radicles anion assay 

ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) are widely used for the 

determination of the antioxidant power of natural extract by spectrophotometric analysis 

based on quenching of stable ABTS radicles[11,12]. 

Free radical anion of ABTS was prepared by reacting 10 ml 10mM aqueous solution of 

ABTS and 10 ml 5 mM potassium persulphate, kept the solution in a dark place at room 

temperature for 24 hr. Finalized the absorbance of the free radicle of ABTS solution below 

1.00±0.02 at 740 nm using the UV Visible spectrophotometer. Incubate the mixture of 4 

ml ABTS.- solution and every 2 ml of different extract (50-500 µg/ml) at 30˚C for 6 min 

and then measured this mixture at 740 nm. Blank was prepared without extract as above 

procedure. Ascorbic acid was used as a positive control. Each sample was assayed in 

triplicate for each concentration. The extract concentration corresponding to 50 percent 

inhibition (IC50) was calculated from the curve of inhibition percentage against extract 

concentration. 

% inhibition activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 
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4.2. Statistical analysis 

Statistical analysis was carried out with Graph Pad Prism 11 software (Graph Pad 

Software, Inc., USA), and results are expressed as means ± standard deviation. Differences 

between means were determined using Tukey Multiple Comparisons. P values <0.05 were 

regarded as significant. The correlation coefficients (R2) were calculated to determine their 

relationship. 
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4.3. Result and Discussion 

4.3.1. Impact of solvent on % yield of extracts 
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Figure 4.1: Effect of varying extracting solvents on extract yield of W. somnifera with 

Mean ± SD.    

In the present study, various solvents were used for extraction of phytoconstituents from 

W. somnifera root powder like Toluene, DCM, Chloroform, Ethyl acetate, Acetone, 

Ethanol, Methanol, Water, an aqueous mixture of Methanol. The Extraction yield of 

different solvents is shown in Figure 4.1. The % yield of various extract was given in the 

following order: 60 %v/v aqueous Methanol > Methanol > Ethanol > Water > DCM > 

Acetone > Chloroform > Ethyl Acetate > Toluene > Hexane.   

The result of this work showed that different solvents had a significant effect on the 

extraction yield of W. somnifera root. The highest yield was found in 60% v/v aqueous 

Methanol. The Toluene and Hexane extracts were found lower extraction yield. 

Observation showed polar solvent was extracted more solid as compared to non-polar 

solvents. So, a mixture of water and organic solvent might be facilitating the extraction of 

phytoconstituents soluble in water as well as organic solvents. These findings were in 

agreement with previous studies on L. aromatica[13], C. calcitrans[14] and S. 

chinensis[15]. 
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4.3.2. Impact of solvent on TPC 

The Value of TPC shows in Table 4.1. The TPC Value ranged from 305.3±25.08 to 

22.98±1.24 mg GAE/g and decreases in following order: Methanol > Ethanol > Acetone = 

Water > 60 %v/v aq. Methanol > Ethyl Acetate = Chloroform > DCM = Toluene = 

Hexane. The TPC value of different extracts were calculated from linear regression of 

gallic acid (y=0.0081X-0.0074, R² = 0.9913). 

Table 4.1: Value of TPC, TFC and TTC of different extract of W. somnifera 

Solvents TPC(mg GAE/g) TFC(mg QCE/g) TTC(mg GAE/g) 

Acetone 151.0 ±1.87a 40.04±2.57a 26.83±2.23a 

Chloroform 90.72 ±3.00bc 5.96±1.70bfh 30.86±1.98ba 

Ethyl acetate 98.29 ±6.86c 4.11±1.11cie 4.44±1.07cg 

Ethanol 209.3 ±3.83d 95.96±2.79d 54.65±3.25de 

Hexane 22.98 ±1.24fi 3.74±0.64ebf - 

DCM 58.45 ±5.42gi 7.07±1.69fic 48.64±0.74e 

Methanol 305.3 ±25.08h 75.22±1.92g 79.67±5.20f 

Toluene 31.37 ±3.46i 10.04±2.31hi 6.83±1.78gh 

Water 148.8 ±17.20ja 5.59±1.69ibe 3.87±1.51hc 

60% v/v aq.  

Methanol 
146.7±9.98k 23.00±1.11j 36.79±1.22ib 

Values are mean ± SD of three replicate determinations (n=3)±standard deviation. Mean 

values followed by different superscripts  in each column are significantly different (P< 

0.05). 

 

Folin-Ciocalteu reagent is used for testing of TPC in the extract, electron rich hydroxyl 

groups interact with specific redox reagents (Folin-Ciocalteu reagent) to form a blue 

chromophore constituted by a phosphotungsticphosphomolybdenum complex and 

subsequently it quantified by UV visible spectrometer. The intensity of the blue 

chromophore complex depends on the concentration of the phenolic compounds in the 

extract[16,17]. From the above result concluded that organic solvent with higher polarity 

like Methanol, Acetone, and Ethanol are effective for the extraction of TPC from W. 

somnifera.  As per Apurba Sarker Apu et al Methanol extract of aerial part of B. diffusa 

showed significant phenolic content as compared to that Hexane and Ethyl Acetate 
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extracts, which is correlated with our result of TPC[18]. This result of TPC is similar to the 

result of Taha M. Rababah et al.[19], Kandhasamy Sowndhararajan et al.[20] and Su 

Chern Foo et. al.[14]. Number of phenolic compounds are isolated from W. somnifera root 

extract. A solvent with lower viscosity can easily penetrate to pores of the cell wall of plant 

material to leach out bioactive phytochemicals than solvent with high viscosity as well as 

the polarity of solvents also affected[21,22]. So, the complexity and nature of the phenolic 

structure, viscosity, and polarity of the solvent may affect TPC of plant material[23,24]. In 

our study Methanol is the best solvent.   

4.3.3. Impact of solvent on TFC 

Table 4.1 shows TFC of different solvent extracts. The TFC value of different extracts 

were calculated from linear regression of quercetin (y=0.0018X-0.0027, R² = 0.9925). The 

value of flavonoid content was found in following order : Ethanol > Methanol > Acetone > 

60% v/v aq. Methanol > Toluene > DCM > Chloroform > Water > Ethyl Acetate > 

Hexane. The range of flavonoid content was 95.96±2.79 to 3.74±0.64 mg QCE/gm. 

For determination of TFC, aluminum chloride test is used, it gives color complex with a 

phenolic hydroxyl group, and measured by UV visible spectrometer[25].  The result of 

TFC was similar with study of O. parvifolia by Rajan Murugan[26]. Flavonoids are more 

common polyphenol found in nature. Free radical species such as superoxide (O2
•–), the 

hydroxyl radical (•OH) and the lipid peroxyl radical (LOO•) scavenge by flavonoids as 

donating an electron or hydrogen atom and the phenolic hydroxyl group responsible for 

scavenging these radicals[27,28]. Various flavonoids are isolated from W. somnifera root 

and literature reveals that it shows scavenging potential too[29,30]. Several solvents, such 

as Ethanol, Acetone, Chloroform, Ethyl Acetate, Methanol, Acetone and their aqueous 

combinations have been used for the extraction of polyphenolic from plants matrices, often 

with different proportions of water[31]. 

 

4.3.4. Impact of solvent on TTC 
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The amount of TTC of different solvent extracts shown in Table 4.1 as mg GAE/g. The 

amount of tannin content was found between 79.67±5.20 to 0.0±0.00. Here, Methanol was 

found significantly higher tannin content compared to other extracts (p < 0.05). The Zero 

tannin content observed in hexane extract (p < 0.005).  

Tannins are one of the types of polyphenolic compounds with high molecular weight. All 

phenolic constituents including tannin, flavonoid are covered in the test of Folin Ciocaltue 

reagent. For the determination of total tannin content, extract treated with PVPP which 

irreversibly bind with tannin-phenolic and remaining phenolic measured by Folin 

Ciocaltue reagent. This result is related to the study of bunga kantan inflorescence[32]. 

Comparison between TPC, TFC and TTC are similar with the result of different extracts of 

Bauhinia vahlii[33] and Osbeckia parvifolia[34]. 

4.3.5. Impact of solvent on Antioxidant potential 

DPPH is a synthetic free radicle with three benzene rings with an unpaired electron of 

centered nitrogen. Due to this odd electron, the alcoholic solution of DPPH solution shows 

maximum UV absorption at 517 nm in the UV visible spectrophotometer. Antioxidants 

with reducing potential react with an unpaired electron of DPPH and color of reduced 

DPPH will be changed from purple to yellow, which shows lower absorption at 517 

nm[35]. 

Potassium ferricyanide (Fe3+) reduced in the presence of substance with the antioxidant 

potential to form potassium ferrocyanide (Fe2+) at pH 6.6 (yellow in color). Ferric chloride 

reacts with ferrocyanide and to form Prussian blue-green water soluble ferric ferrous 

complex, has lambda max at 700 nm[36]. 

The reaction of potassium per-sulfate with ABTS (colorless solution) is generated the 

Stable free radicle of ABTS. The Blue-green color of the radical anion (ABTS•−) absorbs 

734 nm in UV visible spectrophotometer. Falling in absorbance of radical anion of ABTS 

shows the antioxidant potential of phytoconstituents[37]. Phtytocontituents with 

antioxidant potential that inhibit oxidation by reducing or quenching free radicles. Free 

radical scavenging constituent acts via various mechanisms as hydrogen atom transfer, 

single electron transfer, and chelation of transition metal. Thus, the process of damaging of 

normal cells by free radicles will be suppressed by antioxidant phytoconstituents. 
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Constituents with -OH, -NH2, -SH group in aromatic ring responsible for antioxidant 

power of particular constituents. Generally, polyphenolic compounds contain phenolic 

hydroxyl groups that can provide a hydrogen atom or an electron to free radical, and 

unpaired electrons of phenolic compounds are delocalized in the extended conjugated 

aromatic system[38]. Various models are available for assay of the antioxidant power of 

different chemicals like DPPH, FRAP, ABTS, ORAC, etc.[37]. In the present work, three 

different models were used for the in vitro antioxidant assay of phytoconstituents. The Free 

radical scavenging ability of different extracts was compared based on the IC50 value of 

different extracts. The IC50 indicated how much concentration needed to inhibit response at 

50 % level. The lower value of IC50 indicates good scavenging property of free radicles by 

phytoconstituents.   

Table 4.2: IC50 (µg/ml) value of DPPH free radicle assay, FRAP, ABTS.- scavenging 

Solvents DPPH FRAP ABTS 

Acetone 5.89±0.59aj 6.89±1.25ac 12.32±1.16aj 

Chloroform 8.18±0.25bf 11.93±0.79bf 17.79±0.68bf 

Ethyl Acetate 8.17±0.09cb 11.96±0.92c 17.19±0.95cb 

Ethanol 2.99±0.09d 2.56±0.21d 5.45±1.11d 

Hexane 25.70±1.26e 28.02±0.62e 33.57±0.72e 

DCM 8.35±1.12fc 13.73±0.30fc 18.08±0.54fc 

Methanol 0.99±0.12g 0.33±0.06g 2.11±0.14g 

Toluene 22.68±0.93h 25.94±0.73he 30.37±1.94h 

Water 16.24±0.92i 16.64±0.87i 22.39±0.91i 

60%aq. v/v 

Methanol 
5.83±0.62j 7.33±0.70ja 11.95±1.22j 

Ascorbic acid 0.012±0.01k 0.091±0.12k 0.021±0.12k 

Values are mean ± SD of three replicate determinations (n =3) ± standard deviation. Mean 

values followed by different superscripts  in each column are significantly different (P< 

0.05). 

From the observation Table 4.2, all three-antioxidant assay suggested that Methanolic 

extract showed the highest free radical scavenging activity (P<0.005) and Hexane extract 

had the lowest antioxidant potential comparing with other extracts. The order of 

Antioxidant potential of different solvents were found similar in all three in vitro assay 
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model. There is always a need to perform more than two assay models, if possible, because 

every model has different sensitivity against free radicles.    

The Methanolic extract showed significantly the highest antioxidant ability (p<0.05). The 

lowest reducing power was found in Hexane and Toluene extract as compared to other 

extracts. From the study, it concluded that Methanol, Acetone, Ethanol solvents are more 

favorable for isolation polyphenolic constituents from extract of W. somnifera.  

4.4 Correlation between TPC, TFC, TTC and Antioxidant assay 

Table 4.3: Correlation coefficient (R2) between TPC, TFC, TTC, and Antioxidant 

assay 

 TPC TFC TTC DPPH FRAP ABTS 

TPC 
 

0.811 0.741 0.869 0.859 0.785 

TFC 0.811 
 

0.746 0.750 0.719 0.599 

TTC 0.741 0.746 
 

0.809 0.814 0.724 

DPPH 0.869 0.750 0.809 
 

0.998 0.976 

FRAP 0.859 0.719 0.814 0.999 
 

0.981 

ABTS 0.785 0.599 0.724 0.976 0.981 
 

The experimental data of different antioxidant assay, TPC, TTC and TFC were compared 

and correlated with each other and its correlation coefficient (R2) is shown in Table 4.3. 

The Total phenolic content shows 78.5%, 86.9% and 85.9% correlation for ABTS, DPPH, 

and FRAP respectively. Similarly flavonoids contribute to 59.9 % (ABTS), 75.0 % 

(DPPH), 71.9 % (FRAP) for antioxidant activity. The total tannin content contributes 80.9 

% (DPPH), 81.4 % (FRAP), 72.4% (ABTS) for the antioxidant property. TPC, TTC, and 

TFC also showed a good correlation with each other and are ranged from 74.1% to 81.1%. 

This concluded that polyphenolic constituents are responsible for major antioxidant 

activity and the remaining part of antioxidant activity comes from non-phenolic contents 

like vitamins, carotenoids, etc.[39]. The good correlation observed between all three 

antioxidant models, which means the sensitivity of all three in vitro assay are good. 

4.5. Conclusion 
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The study work revealed that different types of solvents have a major influence on 

phenolic content and antioxidant activity. In general, extraction yield increases with an 

increased amount of water content with organic solvents. In contrast, the highest level of 

antioxidant, TPC, TTC are observed in the Methanolic extract of W. somnifera, when 

compared with other solvents. While, Ethanolic extract shows highest TFC. This result 

indicates that Methanolic extract of W. somnifera could serve as potential herbal medicine 

against free radical-induced oxidative damage. Appropriate solvents might be useful for 

isolation of active constituents from plants. It provides the basis for food additives and 

enhances nutritive value. 
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CHAPTER 5 

UHPLC method development and validation of 

Withanolides 

5.1.  Materials and Methods 

5.1.1. Chemicals and Reagents 

 Withanolide A. Withaferin A, Withanoside IV, Withanolide B, Withanoside V, 12-Deoxy 

Withastramonolide were purchased from Natural Remedies Pvt. Ltd. (Bangalore-560100. 

INDIA). Acetonitrile, Methanol and Water were of HPLC grade from Sigma Aldrich 

(Mumbai, India). All other reagents were of analytical grade. 

5.1.2. Instrumentation 

Thermo scientific UHPLC (ultimate 3000) system was used for liquid chromatography 

method development and validation (Santa Clara, USA), equipped with a Quaternary pump 

system, an manual injector (Rhenodyne) (model 2255i), and Waters 1.7µm C18 (50 mm X 2.1 

mm) column (Paisley, UK), and the detector consisted of UV/VIS operates at 200-800 nm 

range. Chromeleon 6.8 Software was used for data processing and Evaluation. 

5.1.3. Preparation of stock and working standard solutions 

Individual standard stock solutions of Withanolide A, Withaferin A, Withanoside IV, 

Withanolide B, Withanoside V, 12 Deoxy Withastramonolide were prepared in HPLC grade 

methanol at 500 µg/ml concentration. Sonicated the solution and filter the solution from 

0.45µm syringe filter and stored stock solution under -20˚C. The Working standard solution of 

mixture of all standards stock solution was prepared from the stock solution in methanol. 
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5.1.4. Selection of wavelength  

Determination of detection wavelength was based on the scanned UV spectrum of the 

Withanolide A, Withaferin A, Withanoside IV, Withanolide B, Withanoside V, 12-

deoxywithastramonolide solution over the range of 200 to 800 nm. Wavelength was selected 

from the overlay spectra of above solutions. 

5.1.5. Chromatographical conditions  

The chromatographic separation was performed using gradient elution at ambient temperature 

(25 °C) on Waters 1.7µm C18 (50 mm X 2.1 mm) with UV detection at 227 nm. The mobile 

phase was composed of the mixture of Solution A Phosphate buffer with 2.8 pH maintained 

with phosphoric acid and Solution B (Acetonitrile). Gradient mode changed from 0 to 0.1 min 

buffer changed 90-60 %, at 2.0 min 60 %, at 2.1 min 60 to 20 %, at 4 min 20-90 % and at 4.8 

min 90 %. The flow rate was set at 0.5 ml/min. The injection volume was 5 μl for every 

injection. 

5.2. Analytical method validation  

The developed RP-UHPLC method was validated in terms of the following parameters; 

specificity, linearity, sensitivity, precision, accuracy and stability of standard solutions. The 

validation was carried out according to International Conference on Harmonization (ICH) 

guidelines for validation of analytical procedures (Q2 R2)[1-2]. 

5.2.1. Specificity  

The specificity and selectivity of method was investigated by injecting of blank samples of 

mobile phase to demonstrate the absence of interference in standard samples. 

5.2.2. Linearity  

The working standard solutions were prepared by diluting the mixture of standard solution 

with Methanol to a series of concentrations that is used for plotting the calibration curves 
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within the ranges from 0.1-20 µg/ml. All solutions were stored at -20˚C until use and 

sonicated prior to injection. Linear regression analysis was used to evaluate the linearity of the 

calibration curve by using the least square linear regression method. 

5.2.3. Sensitivity 

Limit of detection (LOD)/limit of quantitation (LOQ) of standards were determined by 

measuring S/N (signal to noise). The LOD is the concentration that gives a S/N of 

approximately 3:1, while LOQ is the concentration that gives S/N of approximately 10 :1 with 

%RSD (n = 3). 

5.2.4. Accuracy  

Accuracy of the assay method was determined by recovery studies at three concentration 

levels (50%, 100%, and 150%), i.e., 2, 4, and 6 μg/ml, and three samples from each 

concentration were injected. The percentage recovery of added standard mixture and % RSD 

were calculated for each of the replicate samples. 

Table 5.1: Sample preparation for accuracy 

Level % Blank (µl) Spiked volume (µl) Final concentration (µg/ml) 

50% (2 µg/ml) 50 200 1.6 

100% (4 µg/ml) 50 200 3.2 

150% (6 µg/ml) 50 200 4.8 

5.2.5. Precision 

Results for inter-day and intra-day precision were expressed as percentage relative standard 

deviation (%RSD).  
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5.2.5.1. Repeatability 

Mixture of standard solution at 100% level (4 µg/ml) was injected six times, areas of peaks 

were measured and % RSD was calculated to determine the repeatability of the method. 

5.2.5.2. Intra- day and Inter-day precision 

Mixture of standard solution at different level (50%, 100%, 150%) of  concentration were 

analyzed for 0 hr, 6 hr and 12 hr in same day for the determination of intra-day precision and 

on three different days for the determination of inter-day precision and % RSD was calculated. 

5.2.6. Stability of solution 

Stability of sample solutions (4 µg/ml) stored at room temperature was investigated by 

injections of the sample solution at 0, 2, 4, 8, 12 and 24 hr. The solutions were analyzed, and 

the average of the peak and the RSD were calculated. 

5.2.7. Robustness 

Robustness of the method was verified by applying minor and deliberate changes in the 

experimental parameters, for example: 

(i) Column oven temperature: ±5°C 

(ii) Flow rate: ±0.02 ml/min 

(iii) pH of Water phase: ±0.2  

Change was made to check its effect on the developed method. Obtained data for each case 

was evaluated by calculating Relative retention time (RRT) and its %RSD. 
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Table 5.2: Different criteria for robustness study 

Parameters Criteria Sample solution (in µg/ml) 

Column Oven temperature 

20 4 

25 4 

30 4 

Flow rate 

0.48 4 

0.5 4 

0.52 4 

pH of Water phase 

2.60 4 

2.80 4 

3.00 4 

5.2.8. Different Ashwagandha root extracts study 

500 mg of each extract dissolved in 100 ml of Methanol (HPLC grade) separately and 

sonicated solution for 30 min and filter solution from 0.45 µm syringe filter. Prepared solution 

injected in developed UHPLC method and find out total amount of selected Withanolides in 

each extract. 
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5.3. Result and Discussion 

5.3.1 Selection of wavelength 

1: Withanoside IV, 2: Withanoside V, 3: Withaferin A, 4: 12 Deoxy Withanostramonolide, 5: 

Withanolide A, 6: Withanolide B  

Figure 5.1: Overlay spectrum of Withanolides 

For the further study of withanolides 227 nm lamda max has been selected. Overlay of 

UV/VIS spectrum of withanolides shown in Figure 5.1. 

  

4 3 

1 

2 6 5 
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5.3.2. UHPLC method trials 

Trial 1 

Flow rate – 0.3 ml/min., Run time – 6 min, Injection volume – 5 μl, Wave length- 227nm 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 70 30 

1.8 10 90 

2.5 70 30 

4.5 70 30 

6.0 70 30 

 

 

Conclusion:  Merging of peak. 
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Trial 2 

Flow rate – 0.3 ml/min., Run time – 12 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

3.0 60 40 

6.0 20 80 

8.0 95 5 

8.3 95 5 

12.0 95 5 

 

 

Conclusion:  Total six peak found but hump found at last. 
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Trial 3 

Flow rate – 0.4 ml/min., Run time – 12 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

2.0 60 40 

6.0 20 80 

8.0 95 5 

12.0 95 5 

 

 

Conclusion:  Reduced in run time but peak splitting found. 
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Trial 4 

Flow rate – 0.4 ml/min., Run time – 10 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

1.0 60 40 

6.0 20 80 

9.0 95 5 

10.0 95 5 

 

 

Conclusion: Peak elute fast as compare to trial 3. 
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Trial 5 

Flow rate – 0.4 ml/min., Run time – 10 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

1.0 60 40 

4.5 20 80 

7.0 95 5 

8.0 95 5 

10.0 95 5 

 

 

Conclusion: Total run time reduced but still splitting in fifth no peak found. 
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Trial 6 

Flow rate – 0.4 ml/min., Run time – 10 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

1.0 60 40 

4.8 20 80 

6.0 95 5 

7.0 95 5 

10.0 95 5 

 

 

Conclusion: No any change found. 

  



Chapter: 5 UHPLC method development and validation of Withanolides 
 

77 
 

Trial 7 

Flow rate – 0.3 ml/min., Run time – 10 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

0.1 95 5 

2.08 60 40 

3.75 20 80 

5.0 95 5 

10.0 95 5 

 

 

Conclusion: No peak splitting found and all peaks separated properly with resolution > 1.8. 
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Trial 8 

Flow rate – 0.5 ml/min, Run time – 4 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 80 20 

0.1 60 40 

1.2 20 80 

2.0 80 20 

3.0 80 20 

4.0 80 20 

 

 

Conclusion: Total run time reduced but merged 3rd and 4th peak. 
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Trial 9 

Flow rate – 0.5 ml/min., Run time – 5 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 95 5 

1.0 60 40 

2.0 20 80 

2.5 95 5 

5.0 95 5 

 

Conclusion: Total run time reduced with no proper resolution. 
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Trial 10 (Optimized Condition) 

Flow rate – 0.5 ml/min., Run time – 4.8 min, Injection volume – 5 μl 

Column - Waters C18 (50 mm X 2.1 mm, 1.7 µm), Column oven temp. 25˚ C 

Mobile Phase - 

Time (min) Buffer 2.8 pH (%) ACN (%) 

0.0 90 10 

0.1 60 40 

2.0 60 40 

2.1 20 80 

4.0 90 10 

4.8 90 10 

 

 

 

1: Withanoside IV (RT- 2.28 min), 2: Withanoside V (RT-2.91 min), 3: Withaferin A (RT-

3.08 min), 4: 12 Deoxy Withanostramonolide (RT-3.19 min), 5: Withanolide A (RT-3.39 

min), 6: Withanolide B (RT- 4.12 min). For all six standards theoretical plate was found 

>2000, tailing factor <1.5 and resolution between each peak was >2. 

Conclusion:  Total run time reduced with good resolution. 
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5.3.3. Method Validation 

5.3.3.1. Specificity 

Specificity was evaluated by comparing the chromatograms of standard solution and blank. 

Chromatogram of mobile phase blank is shown in Figure 5.2. It can be resulted that there were 

no any peaks found at the retention time of standards.  

 

Figure 5.2: Chromatogram of blank. 

5.3.3.2. Linearity  

The results of linearity study gave linear relationship over the concentration range of 0.1-20 

μg/ml for standard mixture. From the regression analysis, a linear equation was shown in 

following Figure 5.3 and the goodness-of-fit (R2) was found to be near to 1.00, indicating a 

linear relationship between the concentration of analyte and area under the peak. 
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Figure 5.3: Calibration curve of Withanolides 

 

Figure 5.4: Calibration overlay of Withanolides 
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5.3.3.3. Limit of Detection and Limit of Quantification (LOD and LOQ) 

The LOD and LOQ for each Withanolides were found to be 0.025±0.001µg/ml and 

0.075±0.001µg/ml, respectively with < 2% RSD. Chromatogram of LOD shown in Figure 5.5. 

 

Figure. 5.5: Chromatogram of LOD 

5.3.3.4. Accuracy 

The results of accuracy were showed percentage recovery at each three levels in the range of 

98.75 – 101.88 %, and % RDS values were found to be < 2% as shown in below Table 5.3 -

5.8. The results of percentage recovery and % RSD were within the accepted limits from 

98.0% to 102.0% and not more than 2.0%, respectively, which showed that the method is 

accurate for analysis. 
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Table 5.3: Accuracy data of Withanoside IV 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.139 1.59 99.37 

99.79 0.59 0.59 0.141 1.61 100.62 

0.139 1.59 99.375 

100 

0.266 3.19 99.68 

100.42 0.82 0.82 0.267 3.20 100.00 

0.271 3.25 101.56 

150 

0.393 4.80 100.00 

99.93 0.26 0.26 0.391 4.78 99.58 

0.394 4.81 100.21 

Table 5.4 Accuracy data of Withanoside V 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.358 1.63 101.88 

101.25 0.51 0.50 0.356 1.62 101.25 

0.354 1.61 100.63 

100 

0.684 3.21 100.31 

100.31 0.25 0.25 0.686 3.22 100.62 

0.62 3.20 100.00 

150 

1.014 4.81 100.21 

99.86 0.35 0.35 1.012 4.80 100.00 

1.005 4.77 99.37 
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Table 5.5: Accuracy data of Withaferin A 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.117 1.58 98.75 

99.58 0.78 0.78 0.119 1.61 100.63 

0.117 1.59 99.38 

100 

0.227 3.22 100.63 

100.73 0.64 0.64 0.229 3.25 101.56 

0.225 3.20 100.00 

150 

0.333 4.81 100.21 

100.21 0.34 0.34 0.334 4.83 100.63 

0.331 4.79 99.79 

Table 5.6: Accuracy data of 12-Deoxy Withanostramonolide 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.403 1.62 101.25 

100.63 0.51 0.51 0.401 1.61 100.63 

0.398 1.60 100.00 

100 

0.761 3.20 100.00 

100.31 0.26 0.25 0.766 3.22 100.63 

0.764 3.21 100.31 

150 

1.124 4.80 100.00 

99.86 0.35 0.35 1.118 4.77 99.38 

1.127 4.81 100.21 
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Table 5.7: Accuracy data of Withanolide A 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.556 1.60 100.00 

100.21 0.78 0.78 0.553 1.59 99.38 

0.562 1.62 101.25 

100 

1.055 3.20 100.00 

100.00 0.26 0.26 1.052 3.19 99.69 

1.058 3.21 100.31 

150 

1.554 4.80 100.00 

100.28 0.55 0.55 1.551 4.79 99.79 

1.569 4.85 101.04 

Table 5.8: Accuracy data of Withanolide B 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.733 1.6 100.00 

100.625 0.51 0.51 0.741 1.62 101.25 

0.738 1.61 100.63 

100 

1.342 3.2 100.00 

100.00 0.26 0.26 1.346 3.21 100.31 

1.339 3.19 99.69 

150 

1.943 4.78 99.58 

100.00 0.34 0.34 1.951 4.80 100.00 

1.958 4.82 100.42 
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5.3.3.5. Precision 

The results of repeatability, inter-day and intra-day precision was showed that the method is 

precise within the acceptable limits. i.e. < 2% of RSD, all the results were within limits. The 

results of precision shown in Table 5.9-5.21.  

5.3.3.5.1. Repeatability 

Table 5.9: Data of Repeatability 

Sample No. 
Area 

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 

1 0.330 0.847 0.279 0.943 1.305 1.684 

2 0.338 0.847 0.287 0.941 1.342 1.646 

3 0.329 0.867 0.287 0.970 1.336 1.638 

4 0.339 0.845 0.278 0.966 1.305 1.703 

5 0.330 0.847 0.277 0.941 1.297 1.722 

6 0.330 0.847 0.279 0.9656 1.339 1.684 

Mean 0.33 0.85 0.281 0.954 1.321 1.679 

SD 0.01 0.01 0.01 0.01 0.02 0.03 

%RSD 1.28 0.93 1.49 1.36 1.39 1.77 
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5.3.3.5.2. Intra-day precision 

Table 5.10: Data of intra-day precision of Withanoside IV 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.142 

0.14 0.001 0.69 6 0.141 

12 0.139 

100 

0 0.268 

0.27 0.003 1.04 6 0.273 

12 0.267 

150 

0 0.394 

0.39 0.001 0.38 6 0.397 

12 0.394 

 

Table 5.11: Data of intra-day precision of Withanoside V 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.358 

0.36 0.002 0.47 6 0.356 

12 0.354 

100 

0 0.684 

0.68 0.002 0.25 6 0.686 

12 0.687 

150 

0 1.012 

1.01 0.004 0.35 6 1.011 

12 1.005 

 

  



Chapter: 5 UHPLC method development and validation of Withanolides 
 

89 
 

Table 5.12: Data of intra-day precision of Withaferin A 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.117 

0.118 0.001 0.53 6 0.119 

12 0.117 

100 

0 0.227 

0.190 0.001 0.44 6 0.225 

12 0.225 

150 

0 0.334 

0.333 0.001 0.25 6 0.333 

12 0.332 

Table 5.13: Data of intra-day precision of 12-Deoxy Withanostramonolide 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.405 

0.41 0.004 0.92 6 0.409 

12 0.401 

100 

0 0.766 

0.77 0.003 0.37 6 0.773 

12 0.768 

150 

0 1.127 

1.12 0.005 0.41 6 1.119 

12 1.131 
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Table 5.14: Data of intra-day precision of Withanolide A 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.563 

0.56 0.002 0.26 6 0.563 

12 0.559 

100 

0 1.062 

1.08 0.014 1.31 6 1.096 

12 1.083 

150 

0 1.561 

1.57 0.014 0.89 6 1.557 

12 1.589 

Table 5.15: Data of intraday precision of Withanolide B 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.737 

0.74 0.006 0.87 6 0.748 

12 0.733 

100 

0 1.353 

1.34 0.009 0.707 6 1.346 

12 1.330 

150 

0 1.985 

1.97 0.015 0.745 6 1.977 

12 1.951 
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5.3.3.5.3. Inter-day precision 

Table 5.16: Data of inter-day precision of Withanoside IV 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.139 

0.14 0.001 0.53 2 0.141 

3 0.139 

100 

1 0.268 

0.27 0.003 1.18 2 0.274 

3 0.267 

150 

1 0.394 

0.39 0.001 0.19 2 0.395 

3 0.394 

Table 5.17: Data of inter-day precision of Withanoside V 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.358 

0.36 0.002 0.47 2 0.356 

3 0.354 

100 

1 0.684 

0.68 0.002 0.25 2 0.686 

3 0.682 

150 

1 1.014 

1.01 0.004 0.35 2 1.012 

3 1.005 
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Table 5.18: Data of inter-day precision of Withaferin A 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.117 

0.118 0.001 0.71 2 0.119 

3 0.117 

100 

1 0.227 

0.191 0.001 0.72 2 0.229 

3 0.225 

150 

1 0.333 

0.333 0.001 0.33 2 0.334 

3 0.332 

Table 5.19: Data of inter-day precision of 12 Deoxy Withanostramonolide 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.403 

0.40 0.002 0.46 2 0.401 

3 0.398 

100 

1 0.761 

0.76 0.002 0.24 2 0.766 

3 0.764 

150 

1 1.124 

1.12 0.004 0.34 2 1.118 

3 1.127 
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Table 5.20: Data of inter-day precision of Withanolide A 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.559 

0.555 0.004 0.70 2 0.550 

3 0.556 

100 

1 1.058 

1.066 0.013 1.19 2 1.055 

3 1.083 

150 

1 1.561 

1.567 0.016 1.02 2 1.551 

3 1.589 

Table 5.21: Data of inter-day precision of Withanolide B 

Level 

(%) 
Day Area found Mean SD % RSD 

50 

1 0.733 

0.737 0.003 0.42 2 0.741 

3 0.737 

100 

1 1.342 

1.342 0.003 0.23 2 1.346 

3 1.338 

150 

1 1.943 

1.951 0.006 0.32 2 1.951 

3 1.958 

5.3.3.6. Solution Stability 

The percent of recovery was found within the range of 99.0% to 102.0% and RSD was < 

2.0%, indicating a good stability of the sample and standard solutions for 24 hr at room 
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conditions. The percent of recovery was and the % RSD is within the limit the acceptable 

limit. The results are shown in Table 5.22-5.27. 

Table 5.22: Data of solution stability of Withanoside IV 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 0.330 4.00 100.00 

100.60 0.82 0.81 

2 0.333 4.04 101.00 

6 0.336 4.08 102.00 

12 0.331 4.01 100.25 

24 0.329 3.99 99.75 

Table 5.23: Data of solution stability of Withanoside V 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 0.838 4.00 100.00 

100.5 0.96 0.96 

2 0.854 4.08 102.00 

6 0.848 4.05 101.25 

12 0.836 3.99 99.75 

24 0.833 3.98 99.50 

Table 5.24: Data of solution stability of Withaferin A 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 0.279 4.00 100.00 

100.25 0.16 0.16 

2 0.279 4.01 100.25 

6 0.279 4.01 100.25 

12 0.280 4.02 100.50 

24 0.279 4.01 100.25 
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Table 5.25: Data of solution stability of 12-Deoxy Withanostramonolide 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 0.945 4.01 100.25 

99.9 0.25 0.26 

2 0.943 4.00 100.00 

6 0.938 3.98 99.50 

12 0.941 3.99 99.75 

24 0.943 4.00 100.00 

Table 5.26: Data of solution stability of Withanolide A 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 1.305 4.00 100.00 

101.10 1.01 0.99 

2 1.330 4.08 102.00 

6 1.330 4.08 102.00 

12 1.327 4.07 101.75 

24 1.302 3.99 99.75 

Table 5.27: Data of solution stability of Withanolide B 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 1.65 4.01 100.25 

100.00 0.35 0.35 

2 1.65 4.00 100.00 

6 1.64 3.98 99.50 

12 1.65 4.02 100.50 

24 1.64 3.99 99.75 
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5.3.3.7. Robustness 

The results of robustness testing showed that a deliberate change of method conditions, such 

as the pH of mobile phase, Temperature and flow rate were robust within the acceptable 

limits. The results are summarized in Table 5.28. In all modifications, result of RRT and its 

%RSD (< 2%) suggests that good separation was achieved.  

Table 5.28:  Data of Robustness 

Parameters Criteria Peak 5(std. 

peak)(min) 

RRT 

Peak 

1 

Peak 

2 

Peak 

3 

Peak 

4 

Peak 

6 

Column Oven 

Temp. 

20 3.39 1.49 1.16 1.10 1.06 0.82 

25 3.36 1.51 1.17 1.09 1.06 0.81 

30 3.41 1.48 1.16 1.09 1.06 0.82 

Mean 3.39 1.49 1.17 1.09 1.06 0.82 

SD 0.02 0.01 0.004 0.003 0.002 0.01 

%RSD 0.61 0.85 0.38 0.23 0.18 0.62 

Flow Rate 

0.48 3.39 1.50 1.17 1.09 1.06 0.81 

0.5 3.36 1.51 1.17 1.09 1.06 0.81 

0.52 3.33 1.51 1.18 1.09 1.06 0.81 

Mean 3.36 1.51 1.17 1.09 1.06 0.81 

SD 0.024 0.01 0.003 0.001 0.001 0.001 

%RDS 0.73 0.37 0.28 0.07 0.05 0.14 

pH of Water 

phase 

2.6 3.35 1.51 1.17 1.10 1.05 0.81 

2.8 3.36 1.51 1.17 1.09 1.06 0.81 

3.0 3.37 1.52 1.18 1.10 1.08 0.82 

Mean 3.36 1.51 1.17 1.09 1.06 0.81 

SD 0.01 0.01 0.01 0.004 0.01 0.004 

%RSD 0.24 0.53 0.55 0.39 0.89 0.45 
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5.3.4. Chromatograms of different extracts and Withanolides content 

 

Figure 5.6: Overlay chromatograms of different extracts  

1– Methanol, 2- Ethanol, 3- Acetone, 4- Water, 5- DCM, 6- Hexane, 7- 60% aq Methanol, 8- 

Ethyl Acetate, 9-Chloroform, 10- Toluene 

The peaks of all six Withanolides were detected in all ten extracts, data of Withanolides in 

different extracts were shown in Table 5.29. Highest amount of Withanolides were found in 

following order: Methanol > Acetone > Ethanol > Chloroform > Ethyl Acetate > 60 %v/v aq. 

Methanol > DCM > Toluene > Hexane > Water. 

Table 5.29: Withanolides content in different extracts 

Extract 
Peak 

No. 
Area 

Concentration found 

(in µg/ml) 

Amt in 500 

mg of 

extract (mg) 

Total amt. of 

Withanolides 

(mg) 

Methanol 

1 51.908 657.71 50.75 

62.26 

 

2 2.992 14.40 1.11 

3 1.024 15.14 1.17 

4 24.040 105.79 8.16 

5 3.702 11.69 0.90 

6 0.951 2.17 0.17 

Ethanol 1 40.908 518.29 39.99 49.86 
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2 1.732 8.29 0.64  

3 0.791 11.66 0.90 

4 21.926 96.48 7.44 

5 3.180 10.01 0.77 

6 0.651 1.38 0.11 

60%v/v aq. 

Methanol 

1 15.727 199.15 13.10 

14.37 

 

2 0.235 1.03 0.07 

3 0.165 2.30 0.15 

4 3.242 14.13 0.93 

5 0.127 0.22 0.01 

6 0.749 1.64 0.11 

Acetone 

1 33.526 424.74 47.19 

54.69 

 

2 1.457 6.96 0.77 

3 0.511 7.47 0.83 

4 11.114 48.83 5.43 

5 1.044 3.16 0.35 

6 0.544 1.10 0.12 

Chloroform 

1 11.938 151.12 14.53 

26.42 

 

2 3.087 14.87 1.43 

3 1.366 20.25 1.95 

4 19.045 83.78 8.06 

5 1.225 3.74 0.36 

6 0.511 1.02 0.09 

DCM 

1 3.404 42.96 4.29 

7.51 

 

2 0.533 2.48 0.25 

3 0.279 4.00 0.40 

4 5.724 25.07 2.51 

5 0.039 0.00 0.00 

6 0.366 0.64 0.06 

Toluene 1 0.251 2.99 0.29 5.44 



Chapter: 5 UHPLC method development and validation of Withanolides 
 

99 
 

2 1.174 5.59 0.56  

3 1.102 16.31 1.63 

4 6.455 28.29 2.83 

5 0.023 0.00 0.00 

6 0.643 1.36 0.14 

Ethyl Acetate 

1 1.959 24.65 8.80 

20.62 

 

2 1.063 5.05 1.80 

3 0.316 4.56 1.63 

4 5.030 22.01 7.86 

5 0.268 0.68 0.24 

6 0.429 0.80 0.29 

Water 

1 0.065 0.64 0.06 

0.67 

2 0.055 0.16 0.02 

3 0.016 0.07 0.01 

4 1.373 5.89 0.59 

5 0.047 0.00 0.00 

6 0.114 0.00 0.00 

Hexane 

1 0.078 0.81 0.062 

2.54 

2 0.126 0.51 0.04 

3 0.081 1.04 0.08 

4 6.652 29.16 2.24 

5 0.012 0.00 0.00 

6 0.734 1.60 0.12 
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5.4 Conclusion 

W. somnifera are used in over 200 formulations of Indian traditional medicine. A fast, simple, 

accurate, precise, robust and linear UHPLC method has been developed and validated for 

Withanolides. It may be useful for the quality control of formulations containing W. somnifera 

or other plants containing withanolides. Selection of appropriate solvents might be useful for 

isolating pure withanolides to synthesize other steroidal drugs. In addition, the developed 

method is short run time around 5 min and LOD is 0.025 µg/ml. The method was validated as 

per ICH guidelines.  
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CHAPTER 6 

Formulation development and standardization of 

solid dispersion of Ashwagandha root extract 

6.1 Materials and Methods 

6.1.1 Chemical and reagent 

The roots of the Withania somnifera were procured from the medicinal garden, Ayurvedic 

University, Jamnagar, India. HPMCAS-L has received a generous gift from Bharat Parenterals 

Limited, Vadodara, India. Soluplus® was received as a gift sample from BASF, Germany. 

PVP K-30 was purchased from Molychem, Mumbai, India. Withanolide standard was 

purchased from Natural remedies, Bangaluru, India. 

6.1.2 Preparation of methanolic extract 

The roots of Withania somnifera were authenticated by Raw Materials Herbarium & Museum 

headed by the National Institute of Science Communication and Information Resources, New 

Delhi, India. The roots were converted to fine powder by using a cutter mill. The powder was 

passed through sieve 20 # to confirm the uniformity of particles. Approximate 40 gm of root 

powder was of Withania somnifera was macerated with methanol (250 ml) thrice at room 

temperature for 12 hours. The extract was filtered and added to a rotary vacuum evaporator for 

the solvents to evaporate. The resultant material was lyophilized (Delvac, India) at -70 °C for 

4 hours till a completely dry powder was obtained. 

6.1.3 Preparation of SDs  
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The SDs was prepared using a rotary vacuum evaporator. The selected polymers were 

dispersed in appropriate organic solvents and hydrated sufficiently for 12 hours using a 

magnetic stirrer. PVP K-30 and soluplus® were dissolved in methanol, whereas acetone was 

used to dissolve HPMCAS-L. The formed clear polymeric solutions were mixed with the 

methanolic extract in varied ratios (1:0.5, 1:1, 1:2, and 1:4) and stirred for 2 hours using a 

magnetic stirrer. The prepared clear solutions were added to the rotary vacuum evaporator 

with the set water bath temperature at 70 °C, rotating at 60 rpm, until all the possible solvent 

was evaporated. The resulted material was scrapped and freeze-dried at – 70 °C for 4 hours to 

remove the residual solvents. (Figure 6.1). 

6.1.4 HPLC analysis 

The pure extract (PE) was dissolved in methanol and sonicated for 15 minutes. The solution 

was filtered through a 0.45 μm membrane filter to remove the undissolved debris. The filtrate 

was analyzed by UHPLC-Ultra high-performance liquid chromatography (Thermo scientific - 

model G-1312A, Santa Clara, USA), with an autosampler (model-G 1329 A) and UV/visible 

detector (at 227 nm). Waters 1.7µm C18 (50 mm X 2.1 mm) column (Paisley, UK) was used 

to separate phytoconstituents at 25 °C. The mobile phase was composed of the mixture of 

Solution A Phosphate buffer with 2.8 pH maintained with phosphoric acid and Solution B 

(Acetonitrile). Gradient mode changed from 0 to 0.1 min buffer changed 90-60 %, at 2.0 min 

60 %, at 2.1 min 60 to 20 %, at 4 min 20-90 % and at 4.8min 90 %.The selected method was 

able to separate six phytoconstituents: Withanoside IV, Withanoside V, Withaferin A, 12-

deoxy withastramonolide, Withanolide A, and Withanolide B. with retention times of 2.28, 

2.91, 3.08, 3.19, 3.39, and 4.12 minutes respectively. Since the herbal extract contains a 

mixture of secondary metabolites, it is a standard practice to use anyone analytical marker to 

standardize it. In the present investigation, withanolide - A – a steroidal lactone – was selected 

as an analytical marker to standardize the methanolic extract (retention time – 3.39 minutes). 
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Figure 6.1: Schematic diagram for preparing of SDs of Withania somnifera methanolic 

root extract by using rotary vacuum evaporator and lyophilizer 
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6.2 Evaluation parameters 

6.2.1 Assay of Formulation 

10 mg of each formulation soluble in 2 ml of methanol separatly and sonicated for 15 min. 

Filter each solution from 0.45 µm syringe filter and Injected the sample in UHPLC system and 

calculate % assay. 

6.2.2 Saturation solubility 

The shake flask method was used to determine the saturation solubility of pure methanolic 

extract and all prepared SDs. In a 100 ml conical flask containing 6.8 pH phosphate buffer, the 

excess material was introduced and kept in a shaking incubator 24 hours at 25 °C. The 1 ml 

aliquots were removed after 24 hours and passed through 0.45 µm filter paper to avoid the 

insoluble particles. The drug content in the aliquot was measured by using UHPLC (Thermo 

scientific - model G-1312A, Santa Clara, USA) at 227 nm. 

6.2.3 FTIR study  

The stability of the phytoconstituents within the prepared SDs formulations was 

determined using FITR. A KBr disc was used to make a compact with pure extract and the 

prepared ADSs. The IR spectra were recorded by scanning the prepared disc in the range 

of 4000 to 400 cm-1 (FTIR-8400, Shimadzu, Japan). 

6.2.4 DSC study (Differential scanning calorimetry) 

DSC was performed to examine the physical state of the material (amorphous/crystalline) 

within the prepared SDs as it can have a profound impact on the dissolution properties and 

thus the bioavailability of the phytoconstituents upon oral formulation. 5 mg pure extract and 

prepared SDs were closed in standard aluminum pans and were scanned at a rate of 

5⁰C/minutes from 20 ⁰C to 300 ⁰C.  The empty pans sealed similarly were used as a 

reference.(DSC-60,  Shimadzu, Japan) 
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6.2.5 PXRD study (Powder X-ray diffraction) 

X-ray diffraction patterns of pure extract and prepared SDs were recorded using Ni-filtered, 

CuK radiation at a voltage of 30 kV and 15 mA current. The scanning rate was fixed at 1° 

min−1 over the 5–70° 2θ range (D8 FOCUS, BRUKER AXS, Germany). 

6.2.6 Flow property 

Satisfactory flowability is a vital requirement for the industrial-scale production of oral dosage 

forms such as tablets and capsules. The flowability of the prepared SDs was measured using 

the fixed funnel method and was calculated according to the following equation. 

                                                         tanθ =
h

r
                                                                

6.2.7 In-vitro dissolution study  

Gelatine capsules containing the equivalent of 500 mg of dried pure extract and the SDs 

(approximate 0.89 mg of Withanolide-A) without any excipients were used for dissolution 

testing.  USP dissolution apparatus type – II containing 6.8 pH phosphate buffer (250 ml), 

maintained at 37 ± 0.5 °C (Electrolab, India) was used to perform dissolution testing (50 rpm). 

At fixed time intervals, a 2 ml dissolution medium was withdrawn, and it was replenished with 

a pre-warm dissolution medium to maintain the sink condition. The withdrawn samples were 

passed through a 0.45 μm membrane filter paper and analyzed by UHPLC, (Thermo scientific 

- model G-1312A, Santa Clara, USA) at 227 nm.  

  



Chapter: 6 Formulation development and standardization of solid dispersion of Ashwagandha root 

extract 

108 
 

6.2.8 In-vitro Antioxidant activity 

6.2.8.1 DPPH based method 

The % Scavenging effect of extract of W. somnifera and its SDs preparations were measured 

by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay. Prepared 500 µg/ml solution of each 

SDs preparations and pure extract in phosphate buffer medium (6.8 pH), then sonicate for 30 

min  and filter through syringe filter (0.45 µ). The 4 ml of freshly prepared 0.2 mM DPPH 

solution in methanol and 2 ml of each formulation as well as pure extract mixed. This solution 

incubated for 20 min in a dark and cool place. The resulting solution was shaken dynamically 

for 10 min and incubated for 30 min. The test sample was measured at 517 nm using a UV-

Visible spectrophotometer (UV-1800,Shimadzu, Japan). Blank solution prepared without 

adding of sample[1] 

6.2.8.2 ABTS based method 

Free radical anion of ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) was 

prepared by reacting 10 ml 10mM aqueous solution of ABTS and 10 ml 5 mM potassium 

persulphate, kept the solution in a dark place at room temperature for 24 hr. Finalized the 

absorbance of the free radicle of ABTS solution below 1.00±0.02 at 740 nm using the UV 

Visible spectrophotometer (UV-1800,Shimadzu, Japan).  Incubate the mixture of 4 ml ABTS.- 

solution and every 2 ml of extract and SDs preparations (500 µg/ml) at 30˚C for 6 min and 

then measured this mixture at 740 nm. Blank was prepared without extract as above 

procedure. Each sample was assayed in triplicate for each concentration.  [2,3]. 

The percentage of DPPH/ABTS free radicals scavenging property of the prepared SDs and the 

pure extract was calculated using the following equation: 

% radical scavenging activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 

 

6.2.9 Stability study 
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The prepared SDs that were able to convert fully convert crystalline phytoconstituents into 

fully amorphous systems were subjected to stability testing (based on the DSC study). The 

samples were stored on glass vails and sealed with a rubber closure. The samples were stored 

in a stability chamber at 30 ⁰C/ 65 ± 5 RH for 6 months (Technology exchange service 

limited, Ahmedabad, India) and were periodically analyzed for possible crystallization of 

material and for % assay of Withanolide A.  
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6.3 Result and Discussion 

6.3.1 Assay 

Assay analysis was done on all SDs in triplicate. The drug content in the solid dispersion 

shows in range of 98.32 - 101.22 %w/w mentioned in Table 6.1. 

Table 6.1: Assay of different SDs 

SDs Assay (%w/w) 

PE: PVP K-30 (1: 0.5) 99.71±2.11 

PE: PVP K-30 (1: 1) 98.70±3.05 

PE: PVP K-30 (1: 2) 98.38±2.53 

PE: PVP K-30 (1: 4) 100.97±0.41 

PE: HPMCAS-L (1: 0.5) 101.22±4.12 

PE: HPMCAS-L (1: 1) 98.32±0.89 

PE: HPMCAS-L (1: 2) 99.75±0.92 

PE: HPMCAS-L (1: 4) 99.16±0.86 

PE: Soluplus (1: 0.5) 98.89±6.12 

PE: Soluplus (1: 1) 97.65±1.62 

PE: Soluplus (1: 2) 99.21±0.68 

PE: Soluplus (1: 4) 99.88±0.22 
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6.3.2 Saturation solubility 

Table 6.2 Data of saturated solubility 

Samples Concentration (µg/ml) ± SDs 

Pure Extract (PE) 31.37±2.11 

PE: PVP K-30 (1: 0.5) 35.01±1.12 

PE: PVP K-30 (1: 1) 148.24±9.34 

PE: PVP K-30 (1: 2) 242.00±10.35 

PE: PVP K-30 (1: 4) 241.35±15.32 

PM (PE+PVP K-30) 125.37±11.24 

PE: HPMCAS-L (1: 0.5) 32.11±0.20 

PE: HPMCAS-L (1: 1) 134.21±9.91 

PE: HPMCAS-L (1: 2) 214.24±8.15 

PE : HPMCAS-L(1: 4) 156.99±14.33 

PM (PE+HPMCAS-L) 78.00±10.11 

PE: Soluplus (1: 0.5) 35.12±4.57 

PE: Soluplus (1: 1) 112.11±8.98 

PE: Soluplus (1: 2) 154.98±15.00 

PE: Soluplus (1: 4) 162.98±14.12 

PM (PE+Soluplus) 50.24±7.54 
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Figure 6.2: Result of saturation solubility studies for pure extract, physical mixture, and 

prepared SDs. 

 

Figure 6.3: The results of saturation solubility study in 6.8 Phosphate buffer for pure 

extract and formulated SDs 

The observed saturation solubility of the pure extract was around 31 µg/ml. According to this 

solubility value, the pure extract is categorized as a "very slightly soluble" material (USP 

solubility criteria). Apart from phytoconstituents being in crystalline form (as per DSC 

results), another reason for such extremely low solubility of the pure extract is the sticky and 

viscous nature of it, which prevents the diffusion of dissolution medium towards the core. At a 
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1:1 ratio, the observed saturation solubility for PVP K-30 based SDs was around 148 µg/ml. 

Further increase in the concentration of polymer (1:2) resulted in increased saturation 

solubility of phytoconstituents. No improvement in the saturation solubility was observed 

upon further increasing the PVP K-30 concentration (1:4). The highest solubility observed for 

the PVP K-30 based SDs was around 250 µg/ml, which was almost 8.3 times higher (1:2 ratio) 

than the pure extract. The highest saturation solubility observed for the HPMCAS-L based 

solid dispersion was around 214 µg/ml for the 1:2 ratio. For all polymers in (1:0.5 ratio) 

solubility found lowest near to extract solubility. So this ration was not used for further study. 

Further increase in the concentration of the HPMCAS-L (1:4) led to a decrease in the 

saturation solubility of the phytoconstituents. For the Soluplus® based SDs, the highest 

observed solubility for the 1:2 and 1:4 ratio was 154 µg/ml and162 µg/ml, respectively (Figure 

6.2 and 6.3). The measured saturation solubility for all the physical mixtures was higher than 

the saturation solubility of pure extract, but it was less than the highest observed saturation 

solubility of prepared SDs. The improvement in the saturation solubility can be due to 

entrapment of the phytoconstituents in the amorphous form within the polymer matrix and 

reduced particle size of the entrapped phytoconstituents compared to pure extract. The 

amorphous form of the material exhibits substantially higher solubility than its crystalline 

counterparts as it poses higher volume, high entropy, and enthalpy. The inherent randomness 

of the molecules in the amorphous material does not require any energy to break the molecules 

to be released into the dissolution media. [4].  As the solid dispersion of pure extract starts to 

dissolve, it generates a supersaturated solution of the phytoconstituents, which upon 

reprecipitation generates a metastable polymorphic form that possesses significantly higher 

solubility than the most stable crystalline form. [5,6] In the second scenario, where the 

phytoconstituents are considered to be molecularly dispersed within the polymer matrix, they 

get directly released at a molecular level only in the dissolution media, resulting in a 

considerable improvement in the saturation solubility. [7]  

6.3.1 DSC study 
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Figure 6.4: DSC thermogram of pure extract, physical mixture, and SDs prepared with 

Soluplus 

 

 

Figure 6.5: DSC thermogram of pure extract, physical mixture, and SDs prepared with 

PVP K-30 
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Figure 6.6: DSC thermogram of pure extract, physical mixture, and SDs prepared with 

HPMCAS-L 

The DSC thermogram of the pure extract displayed a sharp endothermic peak at around 118 

°C, which proved the presence of crystalline phytoconstituents in the pure extract. Apart from 

this sharp peak, some small endothermic peaks were also observed between 115 and 200 °C. 

The other peaks were possibly due to the presence of various other secondary metabolites in 

the pure extract. No polymer converted the pure extract into a fully amorphous system at a 

1:0.5 polymer ratio as the DSC thermogram for all the polymers at this ratio retained the sharp 

endothermic peaks of pure extract. At 1:1 ratio, only HPMCAS-L was able to form a 

completely amorphous system (displayed no endothermic peaks) (Figure 6.6) whereas in the 

case of PVP K-30 and Soluplus® based SDs, the DSC thermogram retained a few short 

endothermic peaks. These short peaks displayed in the DSC thermogram of prepared SDs with 

PVP K-30 and Soluplus® were possible due to the presence of trace crystallinity. (Figure 6.4 

and 6.5). At 1:2 ratio, solid dispersion prepared with HPMCAS-L and PVP K-30 was 

completely amorphous as the DSC thermograms were completely devoid of any endothermic 

peak. Contrary to that, the solid dispersion prepared with soluplus® still confirmed the 

presence of trace crystallinity as its DSC thermogram displayed very minute endothermic 

peaks. At a 1:4 ratio, all the polymers formed a completely amorphous system with the pure 

extract. DSC thermogram of all the physical mixtures displayed sharp endothermic peaks as 

was observed in the case of pure extract, indicating the availability of crystalline 

phytoconstituents in the sample. 
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6.3.2 PXRD study 

 

Figure 6.7: PXRD thermogram of pure extract and SDs prepared with Soluplus® 

The diffractogram of the pure extract displayed sharp reflection peaks at 16.29, 18.39, 19.18, 

21.98, and 24.28 degree (2-θ) proving the presence of crystalline phytoconstituents. The 

results of PXRD studies for pure extract were in line with the results obtained in the DSC 

studies where its thermogram for pure extract displayed a sharp endothermic peak at 118 °C. 

The diffractogram of the prepared SDs with all the selected polymers lacked any sharp 

reflection peaks, proving the conversion of crystalline phytoconstituents into amorphous ones 

(Figure 6.7, 6.8, 6.9). 
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Figure 6.8: PXRD thermogram of pure extract and SDs prepared with PVP K-30 

 

 

Figure 6.9: PXRD thermogram of pure extract and SDs prepared with HPMCAS-L 

The results of PXRD studies possibly looks like contradicting the results of DSC studies 

where some of the prepared SDs (1:1 with soluplus® and PVP K-30, 1:2 soluplus®) confirmed 
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the presence of trace crystallinity (as it displayed very short endothermic peaks). These 

contradictory results were possibly due to the inherent limitation of the PXRD technique of 

not being able to detect small traces of crystallinity or nano-crystallinity (especially less than 5 

%) within the material. [8].  This observation was in line with results reported by Dedroog et 

al. where they have also reported PXRD diffractogram was not able to detect less than 5 % 

crystallinity in the SD of naproxen and HPMC prepared by hot-melt extrusion method.[9]. 

6.3.3 FTIR study 

 

Figure 6.10: FTIR spectra of pure extract and SDs prepared with Soluplus® 
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Figure 6.11: FTIR spectra of pure extract and SDs prepared with PVP K-30 

 

 

Figure 6.12: FTIR spectra of pure extract and SDs prepared with HPMCAS-L  

A broad peak at around 3400 cm-1 in FTIR spectra confirmed the presence of the hydroxyl (-

OH) group in the pure extract. A peak at around 2900 cm-1 was due to asymmetric C-H 

stretching. A broad peak around 1620 cm-1 confirmed the presence of cyclic six-member 

unsaturated ketone. The peak around 1400 cm-1 was possibly due to -OH banding vibration. 

A peak at 1049 represents the CH3-O group.[10]. All the characteristic peaks observed in the 
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FTIR spectra of the pure extract were preserved in the spectra of all the prepared SDs, 

verifying the stability of phytoconstituents within the formulation (Figure 6.10, 6.11, 6.12). It 

also proved that the methods used to prepare the SDs have no adverse impact on the chemical 

integrity of the phytoconstituents. 

6.3.4 Improvement in physical properties  

One of the additional advantages of using SDs for improving the dissolution properties of 

poorly soluble phytoconstituents is that, along with improving solubility and dissolution 

properties, it also leads to improvement in critical physical properties such as flowability, 

which is very vital for industrial production. As described in the previous section, the pure 

extract was sticky, adhesive, and semi-solid in nature which lacks satisfactory flowability and 

compressibility required for getting converted to the successful oral solid dosage form. 

Compared to that, the flowability of all the prepared SDs was in the excellent to good (angle 

of repose between – 21 to 31) range, which was a significant improvement compared to the 

pure extract. 
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6.3.5 In-vitro dissolution studies 

Table 6.3: Cumulative % drug release of EXT and SDs prepared with HPMC AS L  

Time 

(min) 
EXT 

EXT: HPMC 

AS-L 1:1 

EXT: HPMC 

AS-L 1:2 

EXT: HPMC 

AS-L 1:4 

PM (Physical 

mixture) (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 2.82±1.80 10.25±1.79 4.65±0.59 1.40±1.56 6.43±1.56 

30 8.03±0.59 18.31±2.69 20.55±2.14 2.77±2.47 8.65±1.78 

60 11.27±1.74 46.66±4.18 40.42±2.28 20.54±2.09 13.92±2.27 

90 18.52±2.96 80.89±1.39 66.41±1.36 30.10±3.13 21.42±2.96 

120 21.72±0.80 85.98±2.53 80.58±4.56 47.25±1.88 27.81±2.13 

180 26.59±2.69 91.28±2.67 80.92±1.02 57.64±4.72 34.23±2.96 

240 27.09±3.47 92.99±2.29 85.33±0.98 77.50±2.68 39.85±3.11 

300 27.71±2.12 92.46±2.56 95.92±1.91 87.28±1.28 44.34±2.85 

360 28.48±3.01 93.00±1.29 95.18±2.72 90.96±2.44 52.30±2.80 

420 19.86±4.75 89.76±3.79 95.59±3.40 95.29±1.16 53.87±2.67 
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Figure 6.13: In-vitro dissolution studies of pure extract, physical mixture (PM), and SDs 

prepared with HPMCAS-L 

  

-10

0

10

20

30

40

50

60

70

80

90

100

110

0 0.25 0.5 1 1.5 2 3 4 5 6 24C
u

m
u

la
ti

v
e 

P
er

ce
n

ta
g
e 

D
ru

g
 R

el
ea

se
s

Time (Hours)

In-vitro dissolution studies  

Pure Extract HPMCAS-L 1:1 HPMCAS-L 1:2

HPMCAS-L 1: 4 PM(1:4) HPMCAS L



Chapter: 6 Formulation development and standardization of solid dispersion of Ashwagandha root 

extract 

123 
 

Table 6.4: Cumulative % drug release of PE and SDs prepared with Soluplus® 

Time 

(min) 

EXT 
EXT: Soluplus 

1:1 

EXT: 

Soluplus 1:2 

EXT: 

Soluplus 1:4 

PM (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 2.82±1.80 27.83±1.68 35.51±3.46 34.28±3.31 7.45±0.90 

30 8.03±0.59 46.42±10.89 52.13±8.63 59.01±1.22 16.31±2.24 

60 11.27±1.74 73.96±6.27 86.74±3.32 87.34±3.52 29.86±3.11 

90 18.52±2.96 75.66±3.56 97.72±0.91 98.94±1.05 33.63±1.90 

120 21.72±0.80 87.37±2.44 100.00±0.60 100.33±0.60 39.22±2.42 

180 26.59±2.69 90.55±3.92 102.19±0.55 100.72±0.61 40.14±3.28 

240 27.09±3.47 96.09±1.33 102.96±1.06 100.85±0.55 41.02±1.59 

300 27.71±2.12 95.72±0.27 101.11±0.53 100.17±0.22 40.50±0.94 

360 28.48±3.01 92.51±3.34 98.17±0.72 98.22±0.60 39.88±0.94 

420 19.86±4.75 81.14±1.81 97.29±1.11 95.71±0.73 35.03±0.27 
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Figure 6.14: In-vitro dissolution studies of pure extract, physical mixture, and SDs 

prepared with Soluplus® 
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Table 6.5: Cumulative % drug release of PE and SDs prepared with PVP K 30 

Time 

(min) 
EXT 

EXT: PVP-K 

30 (1:1) 

EXT: PVP-K 

30 (1:2) 

EXT: PVP-K 

30 (1:4) 
PM (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 2.82±1.80 15.50±3.61 45.68±8.22 40.09±4.66 10.62±1.22 

30 8.03±0.59 28.02±6.72 70.05±8.05 69.69±4.51 16.81±3.43 

60 11.27±1.74 39.91±1.81 94.06±8.12 95.67±6.48 22.43±4.33 

90 18.52±2.96 61.36±3.04 99.98±1.52 98.68±3.97 36.28±2.34 

120 21.72±0.80 69.71±4.58 100.80±0.52 101.83±0.86 44.24±3.02 

180 26.59±2.69 81.47±4.79 100.21±1.52 100.44±1.05 49.44±2.33 

240 27.09±3.47 83.82±0.42 101.17±1.53 100.70±2.04 51.45±4.23 

300 27.71±2.12 85.10±2.07 101.71±1.73 103.03±3.61 52.99±3.12 

360 28.48±3.01 89.08±3.03 101.26±1.34 102.05±2.06 51.91±3.21 

420 19.86±4.75 81.19±0.56 98.68±1.55 102.17±2.06 53.03±2.43 
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Figure 6.15: In-vitro dissolution studies of pure extract, physical mixture, and SDs 

prepared with PVP K-30 

 

The release of the phytoconstituents from the pure extract was less than 10 % in 30 minutes 
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SDs. Compared to that, the release from the HPMCAS-L based SD in the same ratio was 

around 40 % only (Figure 6.13). At the end of 2 hours, the release from the pure extract was 

around 20 %. Compared to that, the release from the PVP K-30 based SDs was more than 70 

% from the 1:1 ratio and 100 % from the 1:2 and 1:4 ratio, which was significantly higher 

(f2<50) (Figure 6.15). In the same time duration, the release from the soluplus® based SDs at a 

1:1 ratio was more than 87 %, whereas, at 1:2 and 1:4 ratios, it was more than 100 % (Figure 
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6.14). Contrary to that, the release from the HPMCAS-L based SDs was around 85 %, 80 %, 

and 47 %, respectively, for 1:1,1:2 and 1:4 ratio. The release from the HPMCAS-L based SDs 

was significantly higher than pure extract but lower than that of the SDs prepared with PVP 

K-30 and Soluplus®. After 24 hours, the amount of solubilized phytoconstituents decreased 

from 26 % to 19 % for the pure extract, which was possibly due to the recrystallization of 

phytoconstituents. Compared to that, the amount of phytoconstituents that remained dissolved 

from PVP K-30 and Soluplus® based SDs was more than 80 percent for all the prepared SDs, 

whereas it was more than 80 % in 1: and 1:2 ratio, in 1:4 only 47% drug release within 2 hr 

but after 24 hr >85% drug released for the HPMCAS-L based SDs. The slower drug release 

from the HPMCAS-L based SDs can be due to the higher hydrophobicity of the HMPCAS-L 

compared to PVP K-30 and soluplus®. HPMCAS-L has lots of hydrophobic substituents, 

making the solid dispersion prepared with HPMCAS-L more hydrophobic than SDs prepared 

with PVP K-30 and Soluplus®. The high hydrophobicity reduces water penetration and thus 

the release of the phytoconstituents[11]. HPMCAS-L is an enteric-coated cellulose derivative 

with pH-dependent solubility, which is determined by acetyl and succinyl group substitutions. 

HPMCAS-L is classified into different grades depending on the degree of substitution of 

acetyl (5–14%) and succinyl (4–18%) groups, which results in pH-dependent dissolution 

properties. HPMCAS-L – a grade of HPMCAS used in this study, has the highest percentage 

of succinyl substitution (between 14-18%) among all the grades, conferring excellent water 

solubility at around pH-5.5, which resulted in the better dissolution of prepared SD[13]. 

Among all the prepared SDs with different polymers, PVP K-30 based SDs had the highest 

dissolution rate (more than 90 % in less than 60 minutes). Such a high dissolution rate from 

the PVP K-30 based SD was possibly due to the high hydrophilic nature of PVP K-30. Being 

highly hydrophilic, PVP K-30 reduces the interfacial tension substantially, resulting in better 

wettability and rapid dissolution of the phytoconstituents[12]. Soluplus®, a grafted polymer 

composed of polyvinyl caprolactam-polyvinyl acetate-polyethene glycol, is an amphiphilic 

molecule with a natural tendency to form micelles once its concentration increases beyond the 

CMC level (7.6 mg/l). The phytoconstituents, being lipophilic in nature, get accumulated 

within the hydrophobic core of the micelles as it provides a favourable environment for the 

stabilization. The entrapment of the phytoconstituents within the core of the micelles 

decreases the concentration of the molecularly dissolved phytoconstituents within the 
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dissolution media and thus slows the rate of diffusion of dissolved phytoconstituents and 

hence the formation of nuclei and subsequent recrystallization[14,15].  

 

The substantial enhancement in the dissolution of phytoconstituents from the SDs compared to 

pure extract can be described by the Noyes–Whitney equation. According to the Noyes–

Whitney equation, the dissolution rate of the drug/phytoconstituents is directly proportional to 

the effective surface area of the material – the area directly in contact with the dissolution 

media. The pure extract was adhesive and semi-solid in nature, and it mostly remained stuck 

to the surface during the whole dissolution process, thus offering a very limited effective 

surface area to be in contact with the dissolution medium, resulting in the very low release of 

the phytoconstituents. The prepared SDs systems were non-sticky and had a significantly 

higher effective surface area than pure extract as the particles were of a coarse size, resulting 

in significant improvement in the dissolution rate. The transfer of crystalline/semi-crystalline 

phytoconstituents to an amorphous or molecularly distributed state is another possible reason 

for the SD's better dissolution profile. As compared to their crystalline counterparts, the 

amorphous form of the material has a higher volume, enthalpy, and free energy, resulting in 

improved dissolution properties. 
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6.3.6 In vitro Antioxidant activity 

6.3.6.1 DPPH based method  

 

 

Figure 6.16: Result of antioxidant activity of prepared SDs and pure extract (% DPPH 

radical scavenging activity) 

 

Figure 6.17: Result of DPPH based in vitro antioxidant activity for prepared SDs and 

pure extract 
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DPPH started to get converted to DPPH-H+ upon coming in contact with a solution of solid 

dispersion/pure extract, the purple color started to fade away. The results of the anti-oxidant 

study indicated a significant increase (p < 0.05) in DPPH radical scavenging activity for all the 

prepared SDs compared to pure extract (Figure 6.16 and 6.17).  

6.3.6.2 ABTS based method 

 

 

Figure 6.18: Result of in vitro antioxidant activity of prepared SDs and pure extract (% 

ABTS radical scavenging activity) 
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Figure 6.19: Result of ABTS based antioxidant activity for prepared SDs and pure 

extract 

The results of the anti-oxidant study by using ABTS methods also indicated a significant 

increase (p < 0.05) in antioxidant activity of all the prepared SDs compared to pure extract (p 

< 0.05) (Figure 6.18 and 6.19).  

Among all the prepared SDs the highest radical scavenging activity was observed for PVP K-

30 based SD at 1:4 followed by 1:2 and 1:1 ratio. PVP K-30 based SDs have displayed the 

highest improvement in the saturation solubility and dissolution properties among all the 

prepared SDs. As the solubility of the phytoconstituents increases, the number of molecules 

available for scavenging activity also increases, resulting in significantly better anti-oxidant 

activity for prepared SDs. All the PM also displayed superior anti-oxidant activity compared 

to pure extract. The presence of the polymer improves the solubility of the pure extract (based 

on the results obtained in in-vitro dissolution studies and saturation solubility), resulting in the 

better anti-oxidant activity of PM than the pure extract[16]. The results of an antioxidant study 

proved that the prepared SDs have better scavenging activity in terms of donating hydrogen to 

free DPPH- and donating a free electron to ABTS+ compared to pure extract [17]. 
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6.3.7 Stability study 

The DSC studies after 6 months of stability period indicated all the formulations that were 

initially able to form a completely amorphous system were also able to preserve the 

phytoconstituents in their amorphous form, which proves the stability of the formed 

formulations and the drug content in the SDs were found in range of 98-102 %w/w. 

 

Figure: 6.20: DSC thermogram of pure extract, and SDs prepared with Soluplus (6 

month stability compare with 0 month) 
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Figure: 6.21: DSC thermogram of pure extract, and SDs prepared with PVP K-30 (6 

month stability compare with 0 month) 

 

 

Figure 6.22: DSC thermogram of pure extract, and SDs prepared with HPMC AS-L (6 

month stability compare with 0 month) 

6.4. Conclusion 
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The SDs of the Withania somnifera methanolic root powder extract was successfully prepared 

and evaluated for improving its in vitro dissolution properties and solubility. The results of the 

saturation solubility study proved a significant improvement in the solubility of 

phytoconstituents compared to pure extract. Among all the prepared SDs, PVP K-30 and 

soluplus® based SDs were able to release almost 100 percent phytoconstituent within 120 

minutes at 1:2 and 1:4 ratio, which was significantly better than pure drug extract. The results 

of DSC and PXRD studies confirmed the complete conversion of crystalline phytoconstituents 

into amorphous/molecularly dispersed states within the polymer matrix at a 1:4 ratio even 

after 6 months also. The results of  in vitro antioxidant activity examined using DPPH and 

ABTS assay methods proved significant improvement in radical scavenging activity of 

prepare SDs compared to pure extract. 
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CHAPTER-7 

Extraction procedure of Punarnava root extract 

and its in vitro antioxidant test 

7.1. Materials And Methods 

Folin–Ciocalteau reagent, DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid)), Ascorbic acid, Quercetin, Gallic acid were 

purchased from Sigma–Aldrich. The Solvent used for extraction were analytical grade 

(Sigma Aldrich) and other chemicals used for various tests were of analytical grade (Sigma 

Aldrich). 

7.1.1. Collection and Identification of plant material 

The Root of B. diffusa Linn was collected from the local market and authentication was 

confirmed by NISCAIR/RHMD- Delhi, India, with Ref No. 2018/3279-80-4. The dried 

root sample was powdered and store in the packed container under the cool condition for 

further use. 

7.1.2. Preparation of plant extracts 

Fine root powder of B. diffusa (40 gm) was taken in the round bottom flask and extracted 

with different solvents (200 ml) separately such as Toluene, Dichloromethane, 

Chloroform, Ethyl Acetate, Acetone, Ethanol, Methanol, Water, 60 %v/v aqueous 

Methanol (60 %v/v aq. Methanol), on mechanical stirrer at a constant stirring rate (300 

rpm) under 25˚C-35˚C. The extraction process repeated for three times an interval of 12 hr. 

Each solvent extract was filtered through whatman filter paper no. 1 and concentrated 

under reduced pressure at 45˚C-50˚C using rotary evaporator and concentrated extract was 
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further dried under lyophilization.  After the lyophilization, dried extract stored under 4˚C -

10˚C in airtight container for further use. 

7.1.3. Total Phenolic Content (TPC) 

The total phenolics content of the dry extracts of B. diffusa was determined by Folin- 

Ciocalteu test, this method slightly modified[19,20]. Standard and sample readings were 

measure by using a spectrophotometer at 765 nm against the blank. 

The test sample of B. diffusa (0.2 ml) was mixed with 0.6 mL of water and 0.2 ml of Folin-

Ciocalteu’s (FC) phenol reagent (1:1). After a 5-minute, 1 ml of Na2CO3 solution (8% w/v 

in water) was added to the FC solution and the volume was made up to 3 mL with water 

and vortexed for 10 minutes. The reaction mixture was kept in the dark place for 30 min 

and after centrifugation, the absorbance of different samples was measured at 765 nm in a 

spectrophotometer. Total phenolic content was calculated as GAE/g gallic acid equivalents 

of dry plant material against on the basis of a standard calibration curve of gallic acid (5-

500 µg/ml). Overall, all determinations were carried out in triplicate. 

7.1.4. Total Flavonoid Content (TFC) 

Total flavonoid content was calculated by the Aluminum Chloride spectroscopic 

method[3,4]. The 2.5 ml (500 µg/ml) of the extract was mixed with 2 ml of distilled water 

and add 2 ml of 5% sodium nitrite, incubated this mixture at 25 ˚C for 5 min. After then 

add 2 ml of AlCl3 and incubate for 6 min. Add 1 M NaOH solution, mixed vigorously, and 

kept it for 15 min at room temperature and measured at 512 nm versus blank. The total 

flavanoid content of different extracts was calculated from the calibration curve, as mg of 

quercetin equivalent per g dry weight. Calibration of quercetin was prepared in a range of 

1- 500 µg/ml in MeOH. All extracts were analyzed in triplicates 
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7.1.5. Total Tannin Content (TTC) 

Total tannin content of the dry extracts of B. diffusa was determined via polyvinyl 

polypyrrolidone (PVPP)[5,6]. 

The test sample of B. diffusa (1 ml) (500 µg/ml), 200 mg PVPP was mixed with 2 ml 

distilled water and vortexed for 10 minutes. The reaction mass was kept at 40˚C-100˚C for 

2 hours and after centrifuging, collect the supernatant and perform the same procedure of 

Total phenolic content. Supernatant has phenolics constituents, other than the tannins (the 

tannins would have been precipitated along with the PVPP). From the above results, the 

Total Tannin Content of the various extracts was calculated as follows: 

Tannins (%) = Total Phenolics (%) - Non-Tannin Phenolics (%) 

7.1.6. In vitro Antioxidant Potential 

7.1.6.1. DPPH Assay 

DPPH assay method was used for determining the antioxidant activity. DPPH (α, α-

diphenyl-β-picrylhydrazyl, C18H12N5O6, M = 394.33) is stable free radical, which reducing 

by hydrogen atom from antioxidants and converting to corresponding hydrazine[7,8]. 

The % Scavenging effect of Various concentrations of different extracts of B. diffusa was 

measured by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay. The four ml of freshly 

prepared 0.2mM DPPH solution in Methanol and 2 ml of each extract mixed in a range of 

50-500 µg/ml. This solution incubated for 20 min in a dark and cool place. The resulting 

solution was shaken dynamically for 10 min and incubated for 30 min. The test sample 

was measured at 517 nm using a spectrophotometer. Here, ascorbic acid was used as a 

standard. The percentage of DPPH radicle scavenging property of the sample was 

calculated using the following equation: 

% radical scavanging activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 
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7.1.6.2. Ferric Reducing Power Assay (FRAP)  

Ferric reducing the capacity of extracts was determined using potassium ferricyanide-ferric 

chloride method[9,10].  Two ml of different concentration range (50-500 µg/ml) of an 

extract B. diffusa, 2 ml of phosphate buffer (6.6 pH) mixed with 2 ml of 1% Potassium 

Ferricyanide. Kept this solution at 50°C in a water bath for 20 min. Subsequently, cool the 

solution at room temperature, added 1.5 ml of aqueous 10% trichloroacetic acid, and 2 ml 

of 0.1% Ferric Chloride. Measured absorbing power in a spectrophotometer at 725 nm 

against distilled water. Blank was prepared as an above-mentioned method without extract. 

The Solution of ascorbic acid was used as a positive control. Each extract was assayed in 

the triplicate manner for each concentration. The concentration of extract corresponding to 

50 percent inhibition (IC50) was obtained from the curve of percentage reducing activity 

against extract concentration. 

% reducing activity =
Absorbance of sample − Absorbance of blank

Absorbance of blank
× 100 

7.1.6.3. ABTS free radicles anion assay 

ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) are widely used for the 

determination of the antioxidant power of natural extract by spectrophotometric analysis 

based on quenching of stable ABTS radicles[11,12]. 

Free radical anion of ABTS was prepared by reacting 10 ml 10mM aqueous solution of 

ABTS and 10 ml 5 mM potassium persulphate, kept the solution in a dark place at room 

temperature for 24 hr. Finalized the absorbance of the free radicle of ABTS solution below 

1.00±0.02 at 740 nm using the UV Visible spectrophotometer. Incubate the mixture of 4 

ml ABTS.- solution and every 2 ml of different extract (50-500 µm/ml) at 30°C for 6 min 

and then measured this mixture at 740 nm. Blank was prepared without extract as above 

procedure. Ascorbic acid used as a positive control. Each sample was assayed in triplicate 

for each concentration. The extract concentration corresponding to 50 percent inhibition 

(IC50) was calculated from the curve of inhibition percentage against extract concentration. 

% inhibition activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 
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7.2. Statistical analysis: 

Statistical analysis was carried out with Graph Pad Prism 11 software (Graph Pad 

Software, Inc., USA), and results are expressed as means ± standard deviation. Differences 

between means were determined using Tukey Multiple Comparisons. P values <0.05 were 

regarded as significant. The correlation coefficients (R2) were calculated to determine their 

relationship. 
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7.3. Result And Discussion 

7.3.1. Impact of solvent on % yield of extracts 
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Figure 7.1: Effect of varying extracting solvents on extract yield of B.diffusa with 

Mean ± SD.       

In the present study, various solvents were used for extraction of phytoconstituents from B. 

diffusa root powder like Toluene, DCM, Chloroform, Ethyl Acetate, Acetone, Ethanol, 

Methanol, Water, an aqueous mixture of methanol. The Extraction yield of different 

solvents is shown in Figure 7.1. The % yield of various extract was given in the following 

order: 60 %v/v aqueous Methanol > Methanol > Water > Ethanol > Acetone > Ethyl 

Acetate > DCM > Chloroform > Toluene > Hexane.   

The result of this work showed that different solvents had a significant effect on the 

extraction yield of B. diffusa root. The highest yield was found in 60 %v/v aqueous 

Methanol. The Toluene and Hexane extracts were found lower extraction yield. 

Observation showed aqueous solvent was extracted more solid as compared to other 

solvents. So, a mixture of water and organic solvent might be facilitating the extraction of 

phytoconstituents soluble in water as well as organic solvents. These findings were in 
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agreement with previous studies on L. aromatica[13], C. calcitrans[14] and S. 

chinensis[15]. 

7.3.2. Impact of solvent on TPC 

The Value of TPC shown in Table 7.1 The TPC Value ranged from 239.80±0.25 to 

9.90±0.51 mg GAE/g and decreases in following order: Methanol > Acetone > Ethanol > 

60 %v/v aq. Methanol > Ethyl Acetate > Chloroform > DCM > Water > Toluene > 

Hexane. The TPC value of different extracts were calculated from linear regression of 

gallic acid (y=0.0081X-0.0074, R² = 0.9913). 

Table 7.1: Value of TPC, TFC and TTC of different extract of B. diffusa 

Solvents TPC(mg GAE/g) TFC(mg QCE/g) TTC(mg GAE/g) 

Acetone 151.4±0.79a 120.00±1.70a 95.06±0.25a 

Chloroform 87.42±0.62b 64.11±20.21b 47.08±0.51bf 

Ethyl Acetate 98.86±0.49c 89.67±1.11c 59.01±0.43c 

Ethanol 146.5±0.49d 125.60±2.31da 86.42±0.25d 

Hexane 9.90±0.51e 17.81±2.31e 4.533±0.37e 

DCM 84.05±0.49f 54.11±1.11fb 47.00±0.75f 

Methanol 239.8±0.25g 131.1±4.20gad 90.78±0.87g 

Toluene 64.63±0.38h 31.52±1.69hei 51.11±0.43h 

Water 74.09±0.38i 41.52±0.6if 65.35±0.28i 

60 %v/v aq.  

Methanol 

117.1±0.24j 90.04±0.64jc 65.43±0.49ji 

Values are mean ± SD of three replicate determinations (n=3)±standard deviation. Mean 

values followed by different superscripts in each column are significantly different (P< 

0.05). 

Folin-Ciocalteu reagent is used for testing of TPC in the extract, electron rich hydroxyl 

groups interact with specific redox reagents (Folin-Ciocalteu reagent) to form a blue 

chromophore constituted by a phosphotungsticphosphomolybdenum complex and 

subsequently it quantified by UV visible spectrometer. The intensity of the blue 

chromophore complex depends on the concentration of the phenolic compounds in the 

extract[16,17]. From the above result concluded that solvent with higher polarity like 
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Methanol, Acetone, and Ethanol are effective for the extraction of TPC from B. diffusa.  

As per Apurba Sarker Apu et al Methanol extract of aerial part of B. diffusa Linn showed 

significant phenolic content as compared to that Hexane and Ethyl Acetate extracts, which 

is correlated with our result of TPC[18]. This result of TPC is similar to the result of Taha 

M. Rababah et al.[19], Kandhasamy Sowndhararajan et al.[20] and Su Chern Foo et 

al.[14]. Number of phenolic compounds are isolated from B. diffusa root extract. A solvent 

with lower viscosity can easily penetrate to pores of the cell wall of plant material to leach 

out bioactive phytochemicals than solvent with high viscosity as well as the polarity of 

solvents also affected[21,22]. So, the complexity and nature of the phenolic structure, 

viscosity, and polarity of the solvent may affect TPC of plant material[23,24]. In our study 

methanol is the best solvent.   

7.3.3. Impact of solvent on TFC 

Table 7.1 shows TFC of different solvent extracts. The TFC value of different extracts 

were calculated from linear regression of quercetin (y=0.0018X-0.0027, R² = 0.9925). The 

value of flavonoid content was found in following order: Methanol > Ethanol > Acetone > 

60 %v/v aq. Methanol > Ethyl Acetate > Chloroform > DCM > Water > Toluene > 

Hexane. The range of flavonoid content was 131.1±4.20 to 17.81±2.31 mg QCE/gm. 

For determination of TFC, aluminum chloride test is used, it gives color complex with a 

phenolic hydroxyl group, and measured by UV visible spectrometer[25]. The result of TFC 

was similar with study of O. parvifolia by Rajan Murugan[26]. Flavonoids are more 

common polyphenol found in nature. Free radical species such as superoxide (O2
•–), the 

hydroxyl radical (•OH) and the lipid peroxyl radical (LOO•) scavenge by flavonoids as 

donating an electron or hydrogen atom and the phenolic hydroxyl group responsible for 

scavenging these radicals[27,28]. Various flavonoids are isolated from B. diffusa root and 

literature reveals that it shows scavenging potential too[29,30]. Several solvents, such as 

Ethanol, Acetone, Chloroform, Ethyl Acetate, Methanol, Acetone and their aqueous 

combinations have been used for the extraction of polyphenolic from plants matrices, often 

with different proportions of water[31]. 
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7.3.4. Impact of solvent on TTC 

The amount of TTC of different solvent extracts shown in Table 7.1 as mg GAE/g. The 

amount of tannin content was found between 95.06±0.25 to 4.533±0.37. Here, acetone was 

found significantly higher tannin content compared to other extracts (p < 0.05). The lowest 

tannin content observed in hexane extract (p < 0.005).  

Tannins are one of the types of polyphenolic compounds with high molecular weight. All 

phenolic constituents including tannin, flavonoid is covered in the test of Folin Ciocaltue 

reagent. For the determination of total tannin content, extract treated with PVPP which 

irreversibly bind with tannin-phenolic and remaining phenolic measured by Folin 

Ciocaltue reagent. This result is related to the study of bunga kantan inflorescence[32]. 

Comparison between TPC, TFC and TTC are similar with the result of different extracts of 

Bauhinia vahlii51 and Osbeckia parvifolia[33]. 

7.3.5. Impact of solvent on Antioxidant potential 

From the observation Table 7.2, all three-antioxidant assay suggested that methanolic 

extract showed the highest free radical scavenging activity (P<0.005) and hexane extract 

had the lowest antioxidant potential comparing with other extracts. Statistical similarity, 

statistical difference, and order of Antioxidant potential of different solvents were found 

similar in ABTS and DPPH in vitro assay model. There is always a need to perform more 

than two assay models if possible, because every model has different sensitivity against 

free radicles. 

DPPH is synthetic free radicle with three benzene rings with an unpaired electron of 

centered nitrogen. Due to this odd electron, the alcoholic solution of DPPH solution shows 

maximum UV absorption at 517 nm in the UV visible spectrophotometer. Antioxidants 

with reducing potential react with an unpaired electron of DPPH and color of reduced 

DPPH will be changed from purple to yellow, which shows lower absorption at 517 

nm[35]. 

Potassium ferricyanide (Fe3+) reduced in the presence of substance with the antioxidant 

potential to form potassium ferrocyanide (Fe2+) at pH 6.6 (yellow in color). Ferric chloride 

reacts with ferrocyanide and to form Prussian blue-green water soluble ferric ferrous 

complex, has lambda max at 700 nm[36]. 
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Table 7.2: IC50 (µg/ml) value of DPPH free radicle assay, FRAP, ABTS.- scavenging 

Solvents DPPH FRAP ABTS 

Acetone 3.49±0.11a 3.85±0.38a 4.63±0.70a 

Chloroform 8.85±1.13b 8.81±0.56bc 10.75±1.30b 

Ethyl Acetate 7.47±0.66cbj 8.39±0.33cj 8.18±0.43cbj 

Ethanol 3.40±0.32da 3.81±0.22da 3.99±0.38da 

Hexane 33.59±1.27e 34.21±2.09e 36.43±0.59e 

DCM 10.63±0.07fb 11.04±0.17fb 12.62±0.94fb 

Methanol 0.94±0.03g 1.07±0.05g 1.20±0.10g 

Toluene 20.14±0.37h 19.73±0.66h 24.55±2.59h 

Water 16.77±1.09i 16.19±1.52i 18.37±0.87i 

60%v/v aq. 

Methanol 

7.90±0.97jb 7.55±0.56jb 8.23±1.44jb 

Ascorbic acid 0.012±0.01 0.091±0.12 0.021±0.12 

Values are mean ± SD of three replicate determinations (n =3) ± standard deviation. 

Mean values followed by different superscripts in each column are significantly different 

(P< 0.05). 

 

The reaction of potassium per-sulfate with ABTS (colorless solution) is generated the 

Stable free radicle of ABTS. The Blue-green color of the radical anion (ABTS•−) absorbs 

734 nm in UV visible spectrophotometer. Falling in absorbance of radical anion of ABTS 

shows the antioxidant potential of phytoconstituents[37]. Phtytocontituents with 

antioxidant potential that inhibit oxidation by reducing or quenching free radicles. Free 

radical scavenging constituent acts via various mechanisms as hydrogen atom transfer, 

single electron transfer, and chelation of transition metal. Thus, the process of damaging of 

normal cells by free radicles will be suppressed by antioxidant phytoconstituents. 

Constituents with -OH, -NH2, -SH group in aromatic ring responsible for antioxidant 

power of particular constituents. Generally, polyphenolic compounds contain phenolic 

hydroxyl groups that can provide a hydrogen atom or an electron to free radical, and 

unpaired electrons of phenolic compounds are delocalized in the extended conjugated 

aromatic system[38]. Various models are available for assay of the antioxidant power of 

different chemicals like DPPH, FRAP, ABTS, ORAC, etc.[37]. In the present work, three 
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different models were used for the in vitro antioxidant assay of phytoconstituents. The Free 

radical scavenging ability of different extracts was compared based on the IC50 value of 

different extracts. The IC50 indicated how much concentration needed to inhibit response at 

50 % level. The lower value of IC50 indicates good scavenging property of free radicles by 

phytoconstituents.   

The Methanolic extract showed significantly the highest antioxidant ability (p<0.05). The 

lowest reducing power was found in hexane and toluene extract as compared to other 

extracts. From the study, it concluded that Methanol, Acetone, Ethanol solvents are more 

favorable for isolation polyphenolic constituents from extract of B. diffusa. 

7.4. Correlation between TPC, TFC, TTC and Antioxidant assay 

Table 7.3: Correlation coefficient (R2) between TPC, TFC, TTC, and Antioxidant 

assay 

 TPC TFC TTC DPPH FRAP ABTS 

TPC  0.977 0.868 0.897 0.900 0.900 

TFC 0.977  0.814 0.888 0.889 0.894 

TTC 0.868 0.814  0.610 0.612 0.609 

DPPH 0.897 0.888 0.610  1.000 0.999 

FRAP 0.900 0.889 0.612 1.000  0.999 

ABTS 0.900 0.894 0.609 0.999 0.999  

The experimental data of different antioxidant assay, TPC, TTC and TFC were compared 

and correlated with each other and its correlation coefficient (R2) is shown in Table 7.3. 

The Total phenolic content shows 90.0 %, 89.7% and 90.0 % correlation for ABTS, 

DPPH, and FRAP respectively. Similarly, flavonoids contribute to 89.4 % (ABTS), 88.9 % 

(DPPH), 88.9 % (FRAP) for antioxidant activity. The total tannin content contributes only 

61.0 % (DPPH), 61.2 % (FRAP), 60.9 % (ABTS) for the antioxidant property. TPC, TTC, 

and TFC also showed a good correlation with each other and are ranged from 87% to 98%. 

This concluded that polyphenolic constituents are responsible for major antioxidant 

activity and the remaining part of antioxidant activity comes from non-phenolic contents 

like vitamins, carotenoids, etc[39]. The good correlation observed between all three 

antioxidant models, which means the sensitivity of all three in vitro assay are good. 
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7.5. Conclusion 

The present work revealed that different types of solvents have a major influence on 

phenolic content and antioxidant activity. In general, extraction yield increases with an 

increased amount of water content with organic solvents. In contrast, the highest level of 

antioxidant, TPC and TFC were observed in the methanolic extract of B. diffusa, when 

compared with other solvents. While highest TTC found in Acetone extract This result 

indicates that methanolic extract of B. diffusa could serve as potential herbal medicine 

against free radical-induced oxidative damage. It provides the basis for isolation of active 

constituents from plant materials. 
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CHAPTER 8 

UHPLC method development and validation of 

Eupalitin-3-O-galactoside, Eupalitin, Boeravinone B, 

Boeravinone O 

8.1.  Materials and Methods 

8.1.1. Chemicals and reagents 

Eupalitin-3-O-galactoside (EG), Eupalitin (E), Boeravinone B (BB), Boeravinone O (BO) 

were purchased from Natural Remedies Pvt. Ltd. (Bangalore-560100. INDIA). Acetonitrile, 

methanol and Water were of HPLC grade from Sigma Aldrich (Mumbai, India).  All other 

reagents were of analytical grade. 

8.1.2. Instrumentation 

Thermo scientific UHPLC (ultimate 3000) system was used for liquid chromatography 

method development and validation (Santa Clara, USA), equipped with a Quaternary pump 

system, a manual injector (Rhenodyne) (model 2255i), and Waters C8 (100 mm X 2.1mm, 1.7 

µm) column (Paisley, UK), and the detector consisted of UV/VIS operated at 277 nm. 

Chromeleon 6.8 Software was used for data processing and Evaluation. 

8.1.3. Preparation of stock and working standard solutions 

Individual standard stock solutions of EG, E, BB, BO were prepared in HPLC grade methanol 

at 500 µg/ml concentration. Sonicated the solution and filter the solution from 0.45µm syringe 
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filter and stored stock solution under -20˚C.  The Working standard solution of mixture of all 

standards stock solution was prepared from the stock solution in Methanol. 

8.1.4. Selection of wavelength  

Determination of detection wavelength was based on the scanned UV spectrum of the EG, E, 

BB, BO solution over the range of 200 to 800 nm. Wavelength was selected from the overlay 

spectra of above solutions. 

8.1.5. Chromatographic conditions  

The chromatographic separation was performed using gradient elution at ambient temperature 

(25 °C) on Waters C8 (100 mm X 2.1mm, 1.7 µm) with UV detection at 273 nm. The mobile 

phase was composed of 62:38 %v/v mixture of Solution A 0.1%v/v acetic acid in HPLC grade 

water and Solution B (Acetonitrile). The flow rate was set at 0.3 ml/min. The injection volume 

was 5 μL for every injection. 

8.2. Analytical method validation  

The developed RP-UHPLC method was validated in terms of the following parameters; 

specificity, linearity, sensitivity, precision, accuracy and stability of standard solutions. The 

validation was carried out according to International Conference on Harmonization (ICH) 

guidelines for validation of analytical procedures (Q2R2)[1-2]. 

8.2.1. Specificity  

The specificity and selectivity of method was investigated by injecting of blank samples of 

mobile phase to demonstrate the absence of interference in standard samples. 
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8.2.2. Linearity  

The working standard solutions were prepared by diluting the mixture of standard solution 

with methanol to a series of concentrations that is used for plotting the calibration curves 

within the ranges from 0.1-10 µg/ml. All solutions were stored at -20˚C until use and 

sonicated prior to injection. Linear regression analysis was used to evaluate the linearity of the 

calibration curve by using the least square linear regression method. 

8.2.3. Sensitivity 

Limit of detection (LOD)/limit of quantitation (LOQ) of standards were determined by 

measuring S/N (signal to noise). The LOD is the concentration that gives a S/N of 

approximately 3: 1, while LOQ is the concentration that gives S/N of approximately 10 :1 

with %RSD (n = 3). 

8.2.4. Accuracy 

Accuracy of the assay method was determined by recovery studies at three concentration 

levels (50%, 100%, and 150%), i.e., 2, 4, and 6 μg/ml, and three samples from each 

concentration were injected. percentage recovery of added standard mixture and RSD were 

calculated for each of the replicate samples. 

Table 8.1: Sample preparation for accuracy 

Level % Blank (µl) Spiked volume (µl) 
Final concentration 

(µg/ml) 

50% (2 µg/ml) 50 200 1.6 

100% (4 µg/ml) 50 200 3.2 

150% (6 µg/ml) 50 200 4.8 
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8.2.5. Precision 

Results for inter-day and intra-day precision were expressed as percentage relative standard 

deviation (%RSD). 

8.2.5.1. Repeatability 

Mixture of standard solution at 100% level (4 µg/ml) was injected six times, areas of peaks 

were measured and % RSD was calculated to determine the repeatability of the method. 

8.2.5.2. Intra- day and Inter-day precision 

Mixture of standard solution at different level (50%, 100%, 150%) of concentration were 

analyzed for 0 hr, 6 hr and 12 hr in same day for the determination of intra-day precision and 

on three different days for the determination of inter-day precision and % RSD was calculated. 

8.2.6. Stability of solution 

Stability of sample solutions stored at room temperature was investigated by injections of the 

sample solution at 0, 2, 4, 8, 12 and 24 hr. The solution was analyzed, and the average of the 

peak and the % RSD were calculated. 

8.2.7. Robustness 

Robustness of the method was verified by applying minor and deliberate changes in the 

experimental parameters, for example: 

(i) Column oven temperature: ±5°C 

(ii) Flow rate: ±0.03 ml/min 

(iii) Ratio of water phase: ±3  

Change was made to check its effect on the developed method (Table 8.2). Obtained data for 

each case was evaluated by calculating Relative retention time (RRT) and its %RSD. 
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Table 8.2: Different criteria for robustness study 

Parameters Criteria Concentration (µg/ml) 

Column oven 

temperature 

25 4 

30 4 

35 4 

Flow rate 

0.27 4 

0.30 4 

0.33 4 

Ratio of water phase 

59 4 

62 4 

65 4 

8.2.8. Different Punarnava root extracts study 

500 mg of each extract dissolved in 100 ml of methanol (HPLC grade) separately and 

sonicated solution for 30 min and filter solution from 0.45 µ syringe filter. Prepared solution 

injected in developed UHPLC method and find out total amount of selected standards in each 

extract. 
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8.3. Result and Discussion 

8.3.1 Selection of wavelength  

 

Figure 8.1: Overlay spectrum of EG, E, BB, BO 

For the further study of EG, E, BB, BO 273 nm lamda max has been selected. Overlay of 

UV/VIS spectrum of EG, E, BB, BO shown in Figure 8.1. 

  

E 

EG 

BO 

BB 
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8.3.2. UHPLC method trials 

Trial 1 

Flow rate – 0.3 ml/min, Run time – 8 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Wave length- 273 nm 

Mobile phase - 20:80 %v/v (0.1%v/v acetic acid in water: ACN), Column oven temp. 30˚C 

 

Conclusion: Merging of all components  
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Trial 2 

Flow rate – 0.3 ml/min, Run time – 6 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase - 30:70 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: Peak separation was observed but still it was merged. 

Trial 3 

Flow rate – 0.3 ml/min, Run time – 6 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. - 30˚C 

Mobile phase - 40:60 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: Separation found with no resolution. 
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Trial 4 

Flow rate – 0.3 ml/min, Run time – 6 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase: 45:55 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: Total four peak found with merging of 2nd and 3rd peak. 

Trial 5 

Flow rate – 0.3 ml/min., Run time – 5 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase - 50:50 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: Separation improved than earlier trial chromatographical condition. 
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Trial 6 

Flow rate – 0.3 ml/min., Run time – 5 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase: 55:45 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: Improvement in separation. 

Trial 7 

Flow rate – 0.3 ml/min., Run time – 6 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase - 60:40 %v/v (0.1%v/v acetic acid in water: ACN) 

 

Conclusion: All peaks separated properly with resolution > 2 still tailing found > 1.5 in 3rd 

and fronting in 1st peak. 

  



Chapter: 8 UHPLC method development and validation of Eupalitin-3-O-galactoside, Eupalitin, 

Boeravinone B, Boeravinone O 

163 
 

Trial 8 (Optimized condition) 

Flow rate – 0.3 ml/min., Run time – 7 min, Injection volume – 5 μl 

Column - Waters C8 (100 mm X 2.1 mm, 1.7 µm), Column oven temp. 30˚C 

Mobile phase - 62:38 %v/v (0.1% v/v acetic acid in water: ACN) 

 

Conclusion: Resolution and tailing factor were found within acceptance limit. 

1-EG (RT-0.97), 2-E (RT-2.19), 3- BB (RT-2.89), 4-BO (RT-4.85) For all four standards 

theoretical plate was found >2000, tailing factor <1.5 and resolution between each peak was 

>2. 
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8.3.3. Method Validation 

8.3.3.1. Specificity 

Specificity was evaluated by comparing the chromatograms of mobile phase standard solution 

and blank. Chromatogram of mobile phase blank is shown in Figure 8.2. It can be resulted that 

there were no any peaks found at the retention time of standards.  

 

Figure 8.2: Chromatogram of blank 

8.3.3.2. Linearity  

The results of linearity study (Figure 8.3 & 8.4) gave linear relationship over the concentration 

range of 1-15 μg/ml for standard mixture. From the regression analysis, a linear equation was 

shown in following Figure 8.3 and the goodness-of-fit (R2) was found to be near to 1.00, 

indicating a linear relationship between the concentration of analyte and area under the peak. 
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Figure 8.3: Calibration curve of EG, E, BB, BO 
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Figure 8.4: Calibration overlay of EG, E, BB, BO 

8.3.3.3. Limit of Detection and Limit of Quantification (LOD and LOQ) 

The LOD and LOQ for each EG, E, BB, BO were found to be 0.025±0.001 and 0.075±0.001 

μg/ml, respectively with < 2% RSD. 

 

Figure. 8.5: Chromatogram of LOD 

8.3.3.4. Accuracy 

The results of accuracy were showed percentage recovery at each three levels in the range of 

98.75 – 101.9 %, and % RDS values were found to be < 2% as shown in below Table 8.3 -8.6. 

The results of percentage recovery and %RSD were within the accepted limits from 99.0% to 
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102.0% and not more than 2.0%, respectively, which showed that the method is accurate for 

analysis. 

Table 8.3: Accuracy data of EG 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.478 1.60 100.00 

100.21 0.78 0.78 0.474 1.59 99.38 

0.485 1.62 101.25 

100 

1.078 3.20 100.00 

99.69 0.26 0.26 1.074 3.19 99.69 

1.071 3.18 99.38 

150 

1.679 4.80 100.00 

100.56 0.94 0.93 1.675 4.79 99.79 

1.712 4.89 101.88 

 

Table 8.4: Accuracy data of E 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.725 1.59 99.38 

99.79 0.59 0.59 0.737 1.61 100.63 

0.725 1.59 99.38 

100 

1.683 3.19 99.69 

100.42 0.82 0.82 1.689 3.20 100.00 

1.719 3.25 101.56 

150 

2.647 4.80 100.00 

99.93 0.26 0.26 2.635 4.78 99.58 

2.653 4.81 100.21 
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Table 8.5: Accuracy data of BB 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.969 1.63 101.88 

100.63 1.02 1.01 0.946 1.59 99.38 

0.957 1.61 100.63 

100 

1.909 3.21 100.31 

100.31 0.26 0.25 1.915 3.22 100.63 

1.903 3.20 100.00 

150 

2.860 4.81 100.21 

100.21 0.17 0.17 2.854 4.80 100.00 

2.866 4.82 100.42 

Table 8.6: Accuracy data of BO 

Level 

(%) 

Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

3.213 1.62 101.25 

100.83 1.06 1.05 3.234 1.63 101.88 

3.150 1.59 99.38 

100 

6.499 3.18 99.38 

100.31 0.92 0.92 6.646 3.25 101.56 

6.541 3.20 100.00 

150 

9.721 4.71 98.13 

99.51 1.04 1.04 9.974 4.83 100.63 

9.890 4.79 99.79 

8.3.3.5. Precision 

The results of repeatability, inter-day and intra-day precision was showed that the method is 

precise within the acceptable limits. i.e. < 2% of RSD, all the results were within limits. The 

results of precision shown in table 8.7-8.15.  
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8.3.3.5.1. Repeatability 

Table 8.7: Data of Repeatability 

Sample No. 
Area 

Peak 1 Peak 2 Peak 3 Peak 4 

1 1.378 2.168 2.379 8.226 

2 1.415 2.216 2.438 8.184 

3 1.385 2.222 2.396 8.437 

4 1.378 2.168 2.432 8.226 

5 1.382 2.162 2.384 8.205 

6 1.378 2.174 2.379 8.226 

Mean 1.62 2.19 2.40 8.25 

SD 0.01 0.02 0.02 0.08 

%RSD 0.83 1.11 1.03 1.03 

8.3.3.5.2. Intra-day precision 

Table 8.8: Data of intra-day precision of EG 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

0 0.481 

0.48 0.002 0.37 6 0.485 

12 0.485 

100 

0 1.086 

1.09 0.016 1.48 6 1.078 

12 1.116 

150 

0 1.682 

1.68 0.005 0.28 6 1.675 

12 1.686 
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Table 8.9: Data of intra-day precision of E 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

0 0.743 

0.73 0.010 1.39 6 0.719 

12 0.725 

100 

0 1.683 

1.69 0.005 0.29 6 1.695 

12 1.689 

150 

0 2.653 

2.65 0.006 0.21 6 2.641 

12 2.653 

Table 8.10: Data of intra-day precision of BB  

Level (%) Time (hr) Area found Mean SD % RSD 

50 

0 0.957 

0.96 0.01 1.01 6 0.946 

12 0.969 

100 

0 1.962 

1.93 0.02 1.24 6 1.909 

12 1.915 

150 

0 2.872 

2.86 0.01 0.34 6 2.848 

12 2.860 

Table 8.11: Data of intra-day precision of BO 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

0 3.256 

3.23 0.03 0.81 6 3.192 

12 3.234 

100 
0 6.541 

6.52 0.01 0.26 
6 6.519 
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12 6.499 

150 

0 9.742 

9.88 0.09 0.96 6 9.93 

12 9.95 

8.3.3.5.3. Inter-day precision 

Table 8.12: Data of inter-day precision of EG 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

1 0.478 

0.48 0.005 0.98 2 0.474 

3 0.485 

100 

1 1.078 

1.09 0.019 1.71 2 1.074 

3 1.116 

150 

1 1.679 

1.69 0.019 1.10 2 1.675 

3 1.716 

Table 8.13: Data of inter-day precision of E 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

1 0.725 

0.73 0.01 0.77 2 0.737 

3 0.725 

100 

1 1.683 

1.69 0.02 0.93 2 1.689 

3 1.719 

150 

1 2.647 

2.65 0.01 0.28 2 2.635 

3 2.653 
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Table 8.14: Data of inter-day precision of BB 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

1 0.969 

0.96 0.01 1.01 2 0.946 

3 0.957 

100 

1 1.956 

1.92 0.02 1.19 2 1.915 

3 1.903 

150 

1 2.860 

2.86 0.01 0.17 2 2.854 

3 2.866 

Table 8.15: Data of inter-day precision of BO 

Level (%) Time (hr) Area found Mean SD % RSD 

50 

1 3.213 

3.19 0.04 1.12 2 3.234 

3 3.150 

100 

1 6.499 

6.56 0.06 0.94 2 6.646 

3 6.541 

150 

1 9.721 

9.86 0.11 1.07 2 9.974 

3 9.889 

8.3.3.6. Solution Stability 

The percent of recovery was found within the range of 99.0% to 102.0% and RSD was < 

2.0%, indicating a good stability of the sample and standard solutions for 24 hr at room 

conditions. The percent of recovery was and the %RSD is within the limit the acceptable limit. 

The results are shown in Table 8.16-8.19. 
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Table 8.16: Data of solution stability of EG 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 1.382 4.01 100.25 

99.90 

 

0.44 

 

0.44 

 

2 1.371 3.98 99.50 

6 1.382 4.01 100.25 

12 1.382 4.01 100.25 

24 1.367 3.97 99.25 

Table 8.17: Data of solution stability of E 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 2.198 4.05 101.25 

100.20 

 

0.60 

 

0.60 

 

2 2.174 4.01 100.25 

6 2.162 3.99 99.75 

12 2.156 3.98 99.50 

24 2.174 4.01 100.25 

Table 8.18: Data of solution stability of BB 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 2.384 4.01 100.25 

100.15 

 

0.60 

 

0.60 

 

2 2.379 4.00 100.00 

6 2.408 4.05 101.25 

12 2.367 3.98 99.50 

24 2.373 3.99 99.75 
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Table 8.19: Data of solution stability of BO 

Time (hr) 
Area 

found 

Concentration 

found (µg/ml) 

% 

Recovery 
Mean SD % RSD 

0 8.226 4 100.00 

100.15 

 

0.60 

 

0.60 

 

2 8.331 4.05 101.25 

6 8.184 3.98 99.50 

12 8.205 3.99 99.75 

24 8.247 4.01 100.25 

8.3.3.7. Robustness 

The results of robustness testing showed that a deliberate change of method conditions, such 

as the pH of mobile phase, Temperature and flow rate were robust within the acceptable 

limits. The results are summarized in Table 8.20 In all modifications, result of RRT and its 

%RSD ( < 2%) suggests that good separation was achieved.  

Table 8.20: Data of Robustness 

Parameters Criteria 
Peak 4 

(std. peak) (min) 

RRT  

Peak 1 Peak 2 Peak 3 

Column Oven Temp. 

25 4.87 5.07 2.22 1.68 

30 4.85 5.00 2.21 1.68 

35 4.84 4.94 2.25 1.69 

Mean 4.85 5.00 2.23 1.68 

SD 0.01 0.05 0.02 0.004 

% RSD 0.26 1.10 0.69 0.22 

Flow Rate 

0.27 4.86 5.12 2.21 1.68 

0.3 4.85 5.00 2.21 1.68 

0.33 4.84 4.94 2.22 1.68 

Mean 4.85 5.02 2.21 1.68 

SD 0.01 0.07 0.004 0.002 

% RSD 0.17 1.46 0.20 0.11 
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Ration of water phase 

59 4.84 2.19 1.69 1.58 

62 4.85 2.17 1.69 1.58 

65 4.85 2.17 1.70 1.59 

Mean 4.85 2.18 1.69 1.59 

SD 0.01 0.01 0.01 0.01 

% RSD 0.1 0.33 0.30 0.44 

8.3.4. Chromatograms of different extracts and EG, E, BB, BO content 

 

Figure 8.6: Overlay chromatograms of different extracts  

1– Toluene, 2- Hexane, 3- Ethyl Acetate, 4- Methanol, 5- DCM, 6- Ethanol, 7- 60% aq 

Methanol, 8- Acetone, 9- Chloroform, 10- Water. 

The peaks of all four standards were detected in All ten extracts, data of all four standards in 

different extracts were shown in table 8.17. Highest amount of standards were found in 

following order: Methanol > Acetone > Ethanol > Ethyl Acetate > Chloroform > 60 %v/v aq 

Methanol > DCM > Hexane > Toluene > Water. 
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Table 8.21: EG, E, BB, BO content in different extracts 

Sample 
Peak 

No. 
Area 

Concentration found 

(in µg/ml) 

Amt in 500 

(mg) of 

extract 

Total amt 

(mg) of EG, 

E, BB, BO 

Methanol 

1 59.111 157.87 3.36 

11.67 
2 125.411 209.82 4.46 

3 59.254 99.65 2.12 

4 170.872 81.23 1.73 

Ethanol 

1 79.244 211.53 1.64 

4.83 
2 99.235 166.10 1.29 

3 107.562 180.89 1.40 

4 134.828 64.11 0.49 

60 %v/v aq 

Methanol 

1 21.562 57.79 1.31 

2.12 
2 12.116 20.61 0.47 

3 5.917 9.95 0.23 

4 9.932 4.81 0.11 

Acetone 

1 11.585 31.20 1.64 

6.13 
2 21.036 35.51 1.87 

3 14.615 24.58 1.29 

4 52.924 25.22 1.33 

Chloroform 

1 14.118 37.96 1.08 

3.92 
2 20.321 34.31 0.98 

3 19.171 32.24 0.92 

4 68.47 32.60 0.93 

DCM 

1 8.275 22.38 1.39 

2.14 
2 0.492 1.20 0.08 

3 1.483 2.49 0.16 

4 16.855 8.10 0.51 

Toluene 

 

1 0.081 0.54 0.01 
0.31 

2 0.206 0.72 0.02 
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3 0.399 0.67 0.01 

4 25.857 12.37 0.27 

Ethyl Acetate 

 

1 4.905 13.40 0.38 

4.65 
2 54.939 92.13 2.63 

3 21.200 35.65 1.02 

4 45.311 21.61 0.62 

Water 

1 0.408 1.41 0.03 

0.04 
2 0.242 0.78 0.01 

3 0.014 0.02 0.001 

4 ND ND ND 

Hexane 

1 0.932 2.81 0.06 

0.38 
2 0.578 1.34 0.03 

3 6.436 10.82 0.25 

4 3.341 1.68 0.04 

8.4 Conclusion 

Root powder of punarnava is used in various ayurvedic preparation. A fast, simple, accurate, 

precise, robust and linear UHPLC method has been developed and validated for EG, E, BB, 

BO. It may be useful for the quality control of formulations containing Punarnava or other 

plants containing this standard. Selection of appropriate solvents might be useful to produce 

raw materials for isolating EG, E, BB, BO. In addition, the developed method is short run time 

around 6 min with 0.025 µg/ml LOD. The method was validated as per ICH guidelines 
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CHAPTER-9 

Formulation development and standardization of 

Punarnava root extract 

9.1. Materials and methods 

9.1.1 Chemical and reagent 

The roots of the Boerhavia diffusa were supplied by the medicinal garden, Ayurvedic 

University, Jamnagar, India. HPMCAS-L has received a generous gift from Bharat 

Parenterals Limited, Vadodara, India. HPMC E-5 was purchased from Sigma Aldrich Pvt. 

Ltd, India. PVP K 30 was purchased from Molychem, Mumbai, India. Boeravinone-B 

standard was purchased from Natural remedies, Bangaluru, India. 

9.1.2. Preparation of methanolic extract 

The supplied roots of Boerhavia diffusa were authenticated by Raw Materials Herbarium 

& Museum headed by the National Institute of Science Communication and Information 

Resources, New Delhi, India. The authenticated roots were grinded to powder by using a 

cutter mill. The powder was passed through sieve 20 # to ensure the uniformity of 

particles. The root powder of Boerhaavia diffusa (40 gm powder) was macerated with 95 

% methanol (250 ml) three times at room temperature for 12 hours. The extracts were 

collected, filtered, and then concentrated by using a rotary vacuum evaporator till all the 

possible solvent was evaporated. The remaining solvent was removed by freeze-drying 

(Delvac, India) the remaining material at -70 °C for 4 hours. At the end of the freeze-

drying process dried crystalline material was obtained.  
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9.1.3. Preparation of SD  

The SD was prepared by the solvent evaporation method. Initially, the polymers were 

dispersed in a suitable solvent and allowed to get hydrated by using a magnetic stirrer for 

12 hours until the clear solution was formed. PVP K-30 and HPMC E-5 were dissolved in 

methanol whereas acetone was used to dissolve HPMCAS-L. The polymeric solution was 

mixed with the methanolic extract in a fixed ratio (1:0.5, 1:1, 1:2, and 1:4) and stirred for 2 

hours by using a magnetic stirrer. The obtained clear solutions were added to the rotary 

vacuum evaporator, rotating at 60 rpm, with the set water bath temperature at 70 °C until 

the solvent was completely evaporated. The resulted dry material was scrapped and freeze-

dried for 4 hours at – 70 °C in order to remove the remaining solvents (Figure 9.1).  

 

Figure 9.1: Schematic diagram for preparing of SD of Boerhavia diffusa methanolic 

root extract by using rotary vacuum evaporator 
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9.2. Evaluation parameters 

9.2.1. Assay of Formulation 

10 mg of each formulation soluble in 2 ml of methanol separate and sonicate for 15 min 

and filter each solution from 0.45 µm syringe filter and injected the sample in UHPLC 

sysytem and calculate % assay. 

9.2.2. Saturation solubility 

The saturation solubility of methanolic extract and all the prepared formulations were 

measured by shake flask method. The excess amount of material was added to the 6.8 

phosphate buffer in a 100 ml conical flask and was kept in a shake incubator for 24 hours 

at 25 °C. After 24 hours, the 1 ml aliquots were removed and passed through 0.45 µm filter 

paper in order to remove the insoluble particles. The drug content in the aliquot was 

measured by using UHPLC (Thermo scientific - model G-1312A, Santa Clara, USA) at 

273 nm. 

9.2.3. FTIR study  

FITR was recorded for accessing the stability of the phytoconstituents within the prepared 

formulations. The pure extract and the prepared formulations were compressed with a KBr 

disc.  The prepared disc was scanned in the region of 4000 to 400 cm-1 to obtain the IR 

spectra (FTIR-8400, Shimadzu, Japan). 

9.2.4. DSC study (Differential scanning calorimetry) 

DSC was performed to access the state of the material (amorphous/crystalline) within the 

formulation as it can significantly affect the dissolution rate and thus the success of oral 

formulation. 5 mg pure extract and prepared formulations were sealed in standard 

aluminum pans and were scanned at a rate of 5⁰C/minutes from 20 ⁰C to 300 ⁰C.  The 

empty pans sealed similarly were used as a reference (DSC-60, Shimadzu, Japan). 
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9.2.5 PXRD study (Powder X-ray diffraction) 

X-ray diffraction patterns of pure extract and prepared ASD were recorded on powder X-

ray diffractometer by using Ni-filtered, CuK radiation, at a voltage of 30 kV and 15 mA 

current. The scanning rate was fixed at 1° min−1 over the 5–70° 2θ range (D8 FOCUS, 

BRUKER AXS, Germany). 

9.2.6 Flow property 

The acceptable flowability is an essential prerequisite for the industrial-scale production of 

oral dosage forms such as tablets and capsules. The flowability of the prepared batches was 

measure by fixed funnel methods and was calculated according to the following equation  

                                                          tanθ =
h

r
                                                                

 

9.2.7 In-vitro dissolution study  

For the in-vitro dissolution study, the pure extract and the SDs containing the equivalent 

of 500 mg of dried extract (approximate 2 mg of boeravinone B) were filled in the 

gelatine capsules without any excipients. The capsules were added to USP dissolution 

apparatus type – II containing 6.8 pH Phosphate buffer (250 ml) as a dissolution medium 

(Electrolab, India). The rotating speed was set at 50 rpm and the temperature was set at 37 

± 0.5 °C. At predetermined time intervals, 2 ml samples were withdrawn and it was 

replenished with pre-warm dissolution medium to maintain the sink condition. The 

collected samples were passed through a 0.45 μm membrane filter paper and analyzed by 

UHPLC, (Thermo scientific - model G-1312A, Santa Clara, USA) at 273 nm.  

9.2.8 In vitro Antioxidant activity 

9.2.8.1 DPPH based method 

The % Scavenging effect of extract of B. Diffusa and its SD preparations were measured 

by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay. Prepared 500 µg/ml solution of 

each SD preparations and pure extract in phosphate buffer medium (6.8 pH), then sonicate 

for 30 min  and filter through syringe filter (0.45 µ). The 4 ml of freshly prepared 0.2 mM 
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DPPH solution in methanol and 2 ml of each formulation as well as pure extract mixed. 

This solution incubated for 20 min in a dark and cool place. The resulting solution was 

shaken dynamically for 10 min and incubated for 30 min. The test sample was measured at 

517 nm using a UV-Visible spectrophotometer (UV-1800,Shimadzu, Japan). Blank 

solution prepared without adding of sample[1]. 

9.2.8.2 ABTS based method 

Free radical anion of ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) was 

prepared by reacting 10 ml 10mM aqueous solution of ABTS and 10 ml 5 mM potassium 

persulphate, kept the solution in a dark place at room temperature for 24 hr. Finalized the 

absorbance of the free radicle of ABTS solution below 1.00±0.02 at 740 nm using the UV 

Visible spectrophotometer (UV-1800,Shimadzu, Japan).  Incubate the mixture of 4 ml 

ABTS.- solution and every 2 ml of extract and SD preparations (500 µg/ml) at 30˚C for 6 

min and then measured this mixture at 740 nm. Blank was prepared without extract as 

above procedure. Each sample was assayed in triplicate for each concentration.  [2,3]. 

The percentage of DPPH/ABTS free radicals scavenging property of the prepared ASDs 

and the pure extract was calculated using the following equation: 

% radical scavenging activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 

9.2.9 Stability study 

Only formulations with 1:4 (phytoconstituents: polymer) were subjected to stability 

studies as the formulations with lower polymer ratios (1:1 and 1:2) were able to convert 

the semi-crystalline pure extract in the completely amorphous form (results of DSC 

studies). The samples were stored on glass vails and sealed rubber closure. The samples 

were stored in a stability chamber at 25 ⁰C/60 ± 5 RH for 6 months (Technology exchange 

service limited, Ahmedabad, India). and were periodically analyzed for possible 

crystallization of material by using DSC study as well as for % drug content also.  
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9.3. Result and Discussion 

9.3.1. HPLC analysis 

The pure extract was dissolved with methanol and sonicated for 15 minutes. The solution 

was filtered through a 0.45 μm membrane filter to remove the undissolved debris. The 

filtrate was analyzed by UHPLC-Ultra high-performance liquid chromatography (Thermo 

scientific - model G-1312A, Santa Clara, USA), with an autosampler (model-G 1329 A) 

and UV/visible detector (at 273 nm). Agilant 1.7µm C-8 (100 mm X 2.1 mm) column 

(Paisley, UK) was used for the separation of phytoconstituents at 30 °C. As the herbal 

extract contains a mixture of secondary metabolites, it is a standard practice to use anyone 

analytical marker to standardized it. [4]. In the present investigation, Boeravinone B – an 

isoflavonoid (rotenoids) which is considered to be a major constituent among all the 

Boeravinones was used as an analytical marker to standardized the methanolic extract 

(retention time – 2.89 minutes). The solvent system used was 0.1% acetic acid: 

Acetonitrile (62:38 % v/v) with a 0.3 ml/min flow rate. 

9.3.2 Assay 

Assay analysis was done on all SDs in triplicate. The drug content in the solid dispersion 

shows in a range of 98.00 - 100.97 %w/w mentioned in Table 9.1 

Table 9.1: Assay of different SDs 

SDs Assay (%w/w) 

PE: PVP K-30 (1: 0.5) 98.00±1.02 

PE: PVP K-30 (1: 1) 99.05±0.07 

PE: PVP K-30 (1: 2) 98.33±1.24 

PE: PVP K-30 (1: 4) 100.10±0.24 

PE: HPMCAS-L (1: 0.5) 101.12±0.23 

PE: HPMCAS-L (1: 1) 102.43±2.89 

PE: HPMCAS-L (1: 2) 99.56±1.35 

PE: HPMCAS-L (1: 4) 98.02±0.67 

PE: HPMC E-5 (1: 0.5) 99.42±04.04 

PE: HPMC E-5 (1: 1) 99.65±0.66 

PE: HPMC E-5 (1: 2) 99.80±0.31 
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PE: HPMC E-5 (1: 4) 100.93±0.94 

 

9.3.3 Saturation solubility study 

Table 9.2: Data of saturated solubility 

Samples Concentration (µg/ml) ± SD 

Pure Extract (PE) 0.17±0.05 

PE: PVP K-30 (1: 0.5) 0.25±0.05 

PE: PVP K-30 (1: 1) 0.65±0.08 

PE: PVP K-30 (1: 2) 1.10±0.20 

PE: PVP K-30 (1: 4) 0.98±0.13 

PM (PE+PVP K-30) 0.33±0.01 

PE: HPMCAS-L (1: 0.5) 0.21±0.04 

PE: HPMCAS-L (1: 1) 0.49±0.02 

PE: HPMCAS-L (1: 2) 0.72±0.03 

PE: HPMCAS-L (1: 4) 0.68±0.03 

PM (PE+HPMCAS-L) 0.31±0.01 

PE: HPMC E-5 (1: 0.5) 0.18±0.05 

PE: HPMC E-5 (1: 1) 0.34±0.05 

PE: HPMC E-5 (1: 2) 0.39±0.07 

PE: HPMC E-5 (1: 4) 0.40±0.10 

PM (PE+ HPMC E-5) 0.32±0.06 

 

 

Figure 9.2: The results of saturation solubility study in 6.8 Phosphate buffer for pure 

extract and formulated SDs 
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Figure 9.3: Result of saturation solubility studies for pure extract, physical mixture, 

and prepared SDs. 

The observed saturation solubility of the pure extract was 0.17 µg/ml which gets 

categorized as “very slightly soluble” according to USP. Such extreme low solubility of 

pure extract is also due to the very sticky nature of it as it mostly remains sedimented at the 

bottom of the flask. Another possible reason is the high viscosity and lipophilicity of the 

pure extract which resists the diffusion of water towards the core. The highest saturation 

solubility (1.01 µg/ml) was observed for PVP K 30 based solid dispersions (1:2 ratio) 

which were almost 10 times higher than the pure extract (Figure 9.3). The saturation 

solubility for HPMCAS-L based solid dispersion varied from (0.49 to 0.72 µg/ml) which 

was significantly better than the pure extract. Compared to HMPCAS-L and PVP K 30 the 

improvement in the saturation solubility from HPMC E 5 based solid dispersion was very 

less (between 0.34 to 0.40 µg/ml). The saturation solubility for all the physical mixture 

was more than the saturation solubility of pure extract but it was less than the saturation 

solubility of prepared formulations. One of the key advantages of using the amorphous 

solid dispersion technique for improving the dissolution properties of poorly 

phytoconstituents is that it not only improves the dissolution properties but also improves 

the saturation solubility as well. The improvement in the saturation solubility is explained 

by the Ostwald and Freundlich equation. This equation explains the improvement in 
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saturation solubility of the material, once particle size reduces below 100 nm[5]. In the 

ASD, the drug is molecularly dispersed within the polymer matrix which renders the 

particle size at the molecular level, resulting in considerable improvement in the saturation 

solubility[6]. Another possible mechanism that helps in explaining the improvement in the 

saturation solubility is better wettability and solubility of water-soluble polymers (HPMC 

E-5, HPMCAS, and PVP K 30) used in this study. The polymer attached on the surface of 

the phytoconstituents improves wettability by improving the hydration and subsequently 

solubility[7,8]. Here it was also observed that as the proportion of the polymers increased 

from 1:1 to 1:2 the saturation solubility also increased. This was possibly due to the high 

amount of polymers lead to better wettability and hydration of the material as more 

polymer was available to get adsorbed on the surface of phytoconstituents. No significant 

improvement in the saturation solubility was observed upon further increasing the 

proportion of the polymers (1:4). For all polymers in (1:0.5 ratio) solubility found lowest 

near to extract solubility. So this ration was not used for further study. 
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9.3.4 DSC study 

 

Figure 9.4: DSC thermogram of pure extract, physical mixture, and SD prepared 

with HPMC E-5 

 

Figure 9.5: DSC thermogram of pure extract, physical mixture, and SD prepared 

with HPMCAS-L 
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Figure 9.6: DSC thermogram of pure extract, physical mixture, and SD prepared 

with PVP K 30 

DSC thermogram of the pure extract displayed a sharp endothermic peak at around 115 °C. 

Apart from that several other endothermic and exothermic peaks were observed between 

115 °C to 210 °C. These peaks were possibly due to the presence of a variety of secondary 

metabolites in the extract. DSC thermograms of physical mixtures with all the polymers 

indicated that the phytoconstituents in the extract were still crystalline in nature as short 

sharp endothermic peaks were visible. The SDs prepared with a 1:1 ratio with polymer 

HPMC AS-L and PVP K 30 were not able to convert the crystalline phytoconstituents in 

amorphous completely. Contrary to that, the solid dispersion prepared with HPMC E-5 

was completely amorphous in nature as no sharp crystalline peak was observed in the 

thermogram (Figure 9.4). No polymer converted the pure extract into a fully amorphous 

system at a 1:0.5 polymer ratio as the DSC thermogram for all the polymers at this ratio 

retained the sharp endothermic peaks of pure extract. At 1:2 ratio also, some crystallinity 

was observed in solid dispersion prepared with HPMCAS-L and PVP K 30 whereas the 

solid dispersion prepared with HPMC E-5 was completely amorphous in nature (Figure 9.5 

and 9.6). The DSC thermograms of all the solid dispersions prepared with various 

polymers at a 1:4 ratio was smooth and lacks any endothermic peak indicating the presence 

of any crystalline material which suggested that all the polymers were able to form stable 

SD with methanolic root extract at 1:4 ratio. 
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9.3.5 FTIR study 

 

Figure 9.7: FTIR spectra of pure extract and SD prepared with HPMC E-5 

 

 Figure 9.8: FTIR spectra of pure extract and SD prepared with HPMCAS-L 

 

Figure 9.9: FTIR spectra of pure extract and SD prepared with PVP K 30 
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The FTIR spectra of the pure extract displayed a broad peak at around 3400 cm-1 implying 

the presence of hydroxyl (-OH) group. A peak at around 2900 cm-1 confirmed the presence 

of -CH3 group. The presence of the carbonyl group was confirmed by the peak at around 

1728 cm-1. The peak around 1400 cm-1 was possibly due to -OH banding. All the 

characteristics peaks observed in the FTIR spectra of the pure extract were maintained in 

the spectra of all the prepared solid dispersions, proving the stability of phytoconstituents 

within the formulation (Figure 9.7, 9.8, and 9.9). It also proved that the methods used to 

prepare the solid dispersion have not inflicted any adverse impact on the chemical integrity 

of the phytoconstituents.  
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9.3.6 PXRD study 

 

Figure 9.10: PXRD thermogram of pure extract and SD prepared with HPMCAS-L 

                  

 

Figure 9.11: PXRD thermogram of pure extract and SD prepared with HPMC E-5 

 

 



Chapter: 9 Formulation development and standardization of Punarnava root extract 

193 

 

 

Figure 9.12: PXRD thermogram of pure extract and SD prepared with PVP K 30 

 

The result of PXRD study further confirmed the results obtained by DSC study. The 

diffractogram of the pure extract displayed a halo peak, lacking any sharp peak which 

confirmed the semi-crystalline/amorphous nature of the material (Figure 9.10, 9.11, and 

9.12). The diffractogram of the prepared formulations also did not display any sharp peak 

that is reflective of crystalline material. Lack of any sharp peak does not mean the 

complete absence of crystalline material at all. It was possibly due to the inherent 

limitation of the PXRD technique of not able to detect small traces of crystallinity or nano-

crystallinity in the material. Very low-intensity peaks observed in the DSC thermogram of 

pure extract and no any sharp peak in the PXRD diffractogram was in line with the 

physical appearance of the pure extract which was not in form of crystalline powder but 

sticky, viscous, and semi-solid in nature.[9]  

9.3.7 Improvement in physical properties  

One of the added advantages of using SD for improving the dissolution properties of 

poorly soluble material is that along with solubility and dissolution properties, it also leads 

to improvement in key physical properties such as flowability which is very essential for 

preparation oral dosage form at industrial scale. As described in the previous section, the 

pure extract was sticky, adhesive, and semi-solid in nature that was difficult to process to 

make a tablet or capsule. Compared to that the flowability of all the prepared formulations 

was in the excellent to good (angle of repose between 21 to 31) range which was a 

significant improvement as the pure extract was not flowable at all.  
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9.3.8 In-vitro dissolution study 

Table 9.3: Cumulative % drug release of PE and SD prepared with HPMC AS L  

Time 

(min) 
EXT 

EXT: HPMC 

AS-L 1:1 

EXT: HPMC 

AS-L 1:2 

EXT: HPMC 

AS-L 1:4 
PM (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 4.11±2.33 15.96±3.75 15.01±3.12 10.00±5.65 7.94±0.99 

30 15.80±1.2 50.71±5.23 55.84±5.44 36.58±7.45 18.90±2.33 

60 23.38±4.32 82.74±4.78 85.78±6.23 42.30±6.45 30.78±2.55 

90 27.07±3.23 87.90±6.87 89.36±5.03 73.22±2.44 31.63±3.01 

120 27.05±1.22 92.44±6.07 93.54±6.43 83.00±5.98 34.34±2.54 

180 27.26±3.2 93.87±4.76 94.96±5.32 91.56±7.08 36.89±3.12 

240 27.26±2.45 95.56±5.76 95.59±4.87 94.92±2.56 37.08±2.54 

300 27.07±3.01 95.90±6.76 96.05±3.12 97.94±4.54 36.49±3.99 

360 27.42±1.12 96.15±5.09 96.43±4.21 98.41±6.76 34.35±4.34 

420 22.36±2.52 93.48±6.4 100.69±5.88 100.52±3.04 28.57±2.01 
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Figure 9.13: In-vitro dissolution studies of pure extract, physical mixture (PM), and 

SD prepared with HPMCAS-L 
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Table 9.4: Cumulative % drug release of PE and SD prepared with HPMC E 5  

Time 

(min) 
EXT 

EXT: HPMC 

E 5 (1:1) 

EXT: HPMC 

E 5 (1:2) 

EXT: HPMC 

E 5 (1:4) 
PM (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 4.11±2.33 8.04±4.33 8.26±3.55 7.96±3.12 6.28±2.12 

30 15.80±1.2 12.58±5.32 13.20±5.21 10.81±4.85 16.40±3.15 

60 23.38±4.32 35.60±6.09 37.23±6.85 14.19±6.52 28.60±4.01 

90 27.07±3.23 58.73±3.23 52.99±4.12 24.44±5.12 29.76±2.65 

120 27.05±1.22 74.25±6.45 62.84±5.32 30.12±7.23 35.54±3.34 

180 27.26±3.2 76.65±5.15 66.98±6.85 38.01±3.21 36.13±3.33 

240 27.26±2.45 78.23±7.32 67.34±4.12 57.45±2.2 35.76±2.1 

300 27.07±3.01 75.93±3.2 68.16±5.32 58.01±5.65 29.40±2.11 

360 27.42±1.12 75.09±4.8 68.54±3.22 59.24±3.2 27.56±1.22 

420 22.36±2.52 81.19±3.2 74.71±5.32 64.72±6.12 26.23±3.5 
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Figure 9.14: In-vitro dissolution studies of pure extract, physical mixture, and SD 

prepared with HPMC E-5 
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Table 9.5: Cumulative % drug release of PE and SD prepared with PVP K 30  

Time 

(min) 
EXT 

EXT: PVP  

K 30 (1:1) 

EXT: PVP  

K 30 (1:2) 

EXT: PVP  

K 30 (1:4) 
PM (1:4) 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

15 4.11±2.33 10.63±3.52 33.05±3.25 29.76±3.55 5.02±1.22 

30 15.80±1.2 41.85±5.12 62.77±5.12 59.72±5.23 20.86±3.43 

60 23.38±4.32 72.51±6.12 80.18±6.12 82.63±4.16 27.62±4.33 

90 27.07±3.23 83.09±6.75 94.01±3.75 97.45±3.52 30.28±2.34 

120 27.05±1.22 85.15±5.12 97.73±4.95 98.98±7.23 35.71±3.02 

180 27.26±3.2 85.15±7.12 99.56±7.23 99.38±6.21 35.19±2.33 

240 27.26±2.45 84.00±5.23 100.80±6.32 99.54±5.01 33.56±4.23 

300 27.07±3.01 84.21±3.22 97.19±5.75 99.62±6.32 33.19±3.12 

360 27.42±1.12 83.32±4.12 96.67±4.01 99.86±4.98 34.08±3.21 

420 22.36±2.52 76.84±2.3 90.54±5.32 98.23±5.32 21.04±2.43 
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Figure 9.15: In-vitro dissolution studies of pure extract, physical mixture, and SD 

prepared with PVP K 30 

The release of the phytoconstituents from the pure extract around 15 percent in 30 minutes 

compared to that the release from the solid dispersion prepared with PVP K 30 and 

HPMCAS- L was more than 35 % which was significantly better (f2<50). However, the 

drug release from the HPMC E-5 based formulation was less than 10 percent. The low 

drug release for the HPMC E-5 based ASD was attributed to swelling followed by the 

formation of a viscous gel-like structure of polymer upon coming in contact with 

dissolution media. HPMC E-5 is a semi-synthetic cellulose derivative that is prepared by a 

substitution process to overcome the inherent water insolubility of the cellulose. The 

intermolecular hydrogen bonding between hydroxyl groups (-OH) of cellulose results in a 

highly crystalline, water-insoluble structure. The substitution of hydroxyl groups (-OH) by 

methyl/propyl group reduces the crystallinity and bestows its water solubility. However, 

the HPMC E-5 being a long-chain molecule does not get solubilized readily upon coming 

in contact with dissolution media but rather swells slowly to form a viscous gel-like 

structure. This gel-like structure retards the penetration of water towards the core resulting 

in the lower release of phytoconstituents[10,11]. HPMCAS is an enteric-coated cellulose 

derivative having pH-dependent solubility which relies on the degree of substitution of 

acetyl and succinyl groups.  Various grades of HPMCAS are classified based on their 

acetyl (5–14 %) and succinyl (4–18 %) substitution which also results in varied pH-
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dependent dissolution properties. The grade of HPMCAS used in this study - HPMCAS-L 

had the highest percentage of succinyl substitution (between 14-18%) among all the 

grades, conferring it excellent water solubility at around pH-5.5 [12]. The rapid dissolution 

of HPMCAS-L in dissolution media lead to the rapid release of the phytoconstituents 

(more than 35 % within 30 minutes) (Figure 9.13)). The excellent aqueous solubility of 

PVP K 30 (more than 10 % w/w in water) resulting in rapid release of the 

phytoconstituents (more than 40 percent) [13]. After 90 minutes the release from the pure 

extract was only 27 percent whereas it was more than 70 percent from the solid dispersion 

composed of HPMCAS-L and PVP K-30 which was significantly better (f2<50). In the 

same time duration, the release from the HPMC E-5 based solid dispersion with 1:1 and 

1:2 was more than 58 % and 52% respectively whereas from the solid dispersion with 1:4 

ratio was only 24 percent. This was possibly due to an increase in the viscosity of the 

formed gel as the concentration of HPMC E-5 increased in the fixed weight formulation. 

The release of the phytoconstituents was more than 97% from the solid dispersion 

containing PVP K 30 with 1:2 and 1:4 ratio after 90 minutes (Figure 9.15). After 24 hours 

also the percentage of dissolved phytoconstituents remained above 90 percent only which 

proved that the solid dispersions prepared with PVP K 30 at 1:2 and 1:4 ratio were able to 

maintain the supersaturation level of dissolved phytoconstituents. Compared to that the 

release from the 1:1 solid dispersion was around 85 % which was reduced to 75 % after 24 

hours.  

The release of the phytoconstituents from the HPMCAS-L based solid dispersion was 

more than 90 percent after 3 hours for all the prepared ratios which were maintained even 

after 24 hours. For the 1:1 ratio, the maximum release recorded from the HPMC E-5 based 

solid dispersion was around 80 percent. Compared to that the release from the solid 

dispersion of 1:2 and 1:4 ratio was 74 % and 64 % respectively (Figure 9.14). The low 

drug release from the HPMC E-5 based solid dispersion was due formation of high viscous 

gel as described previous section. 

The significant improvement in the release of phytoconstituents from the SDs compared to 

pure extract can be explained by Noyes–Whitney equation. According to this equation, the 

dissolution rate of the material is directly proportional to the effective surface area – the 

area directly in contact with dissolution media. The pure extract is sticky and mostly 

remained as a large globule during the whole dissolution process thus offered a very 

limited effective surface area to be in contact with the dissolution medium which resulted 

in the very low release. During the preparation of SDs, the pure extract gets molecularly 
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dispersed within the polymer matrix. The prepared solid dispersion was non-sticky and in 

form of coarse particles which have significantly higher effective surface area compared to 

pure extract[14]. Another possible reason which explains the better dissolution profile for 

the SDs is the conversion of the crystalline/semi-crystalline phytoconstituents to an 

amorphous or molecularly dispersed state. The amorphous form of the material inherently 

possesses high volume, enthalpy, and free energy which results in better dissolution 

properties compared to their crystalline counterparts. In the second possible scenario where 

the material is considered to be molecularly dispersed within the polymer matrix, the 

material directly gets released in the molecularly level only during the dissolution process, 

leading to improved dissolution properties[15].  

9.3.9 In vitro Antioxidant activity 

9.3.9.1 DPPH based method  

 

Figure 9.16: Result of antioxidant activity of prepared SDs and pure extract (% 

DPPH radical scavenging activity) 

0

10

20

30

40

50

60

70

80

%
sc

a
v
a
n

g
in

g

In vitro Anti-Oxidant activity (DPPH method)



Chapter: 9 Formulation development and standardization of Punarnava root extract 

202 

 

 

Figure 9.17: Result of DPPH based antioxidant activity for prepared SDs and pure 

extract 

The antioxidant was measured using the reaction between stable free radical DPPH and the 

dissolved phytoconstituents. The solution containing free radicals DPPH was purple. As 

the DPPH started to get converted to DPPH-H+ upon coming in contact with a solution of 

solid dispersion/pure extract, the purple color started to fade away. The results of the anti-

oxidant study indicated a significant increase (p < 0.05) in DPPH radical scavenging 

activity for all the prepared ASDs compared to pure extract (Figure 9.16 and 9.17).  
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9.3.9.2 ABTS based method 

 

Figure 9.18: Result of antioxidant activity of prepared SDs and pure extract (% 

ABTS radical scavenging activity) 

 

Figure 9.19: Result of ABTS based antioxidant activity for prepared SDs and pure 

extract 

The results of the anti-oxidant study by using ABTS methods also indicated a significant 

increase (p < 0.05) in antioxidant activity of all the prepared SDs compared to pure extract 

(p < 0.05) (Figure 9.18 and 9.19).  

Among all the prepared SDs the highest radical scavenging activity was observed for PVP 

K-30 based SD at 1:4 followed by 1:2 and 1:1 ratio. PVP K-30 based SDs have displayed 

the highest improvement in the saturation solubility and dissolution properties among all 

the prepared SDs. As the solubility of the phytoconstituents increases, the number of 
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molecules available for scavenging activity also increases, resulting in significantly better 

anti-oxidant activity for prepared SDs. All the PM also displayed superior anti-oxidant 

activity compared to pure extract. The presence of the polymer improves the solubility of 

the pure extract (based on the results obtained in in-vitro dissolution studies and saturation 

solubility), resulting in the better anti-oxidant activity of PM than the pure extract. [9]. The 

results of an antioxidant study proved that the prepared SDs have better scavenging 

activity in terms of donating hydrogen to free DPPH- and donating a free electron to 

ABTS+ compared to pure extract [10]. 

9.3.10 Stability study 

The result of DSC studies after 6 months of stability period indicated all the formulations 

with 1:4 (phytoconstituents: polymer) ratio were able to preserve the phytoconstituents in 

amorphous form which proves the stability of the formed formulations and the drug 

content in the solid dispersion were found in a range of  98-102 %w/w. (Figure 9.20-9.22) 

 

Figure: 9.20: DSC thermogram of pure extract, and SD prepared with HPMC E5 (6 

month stability compare with 0 month) 
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Figure: 9.21: DSC thermogram of pure extract, and SD prepared with HPMC AS L 

(6 month stability compare with 0 month) 

 

 

Figure: 9.22: DSC thermogram of pure extract, and SD prepared with PVP K 30 (6 

month stability compare with 0 month) 

9.4. Conclusion  
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The SD of the Boerhavia diffusa (Linn.) methanolic root powder extract was successfully 

prepared and evaluated for improving the in vitro dissolution properties. The result of the 

saturation solubility study proved significant improvement in the solubility of 

phytoconstituent (at 1:2 and 1:4) compared to pure extract. Among all the screened 

polymers,  PVP K-30 and HPMCAS-L were able to release more than 90 % 

phytoconstituent within 3 hours at 1:2 and 1:4 ratio which was significantly better than 

pure drug extract. The result of stability studies indicated the prepared solid dispersion was 

able to stabilize the amorphous form of phytoconstituents for 6 months at 25 ⁰C/60 ± 5 RH. 

The results of in vitro antioxidant activity examined using DPPH and ABTS assay methods 

proved significant improvement in radical scavenging activity of prepare SDs compared to 

pure extract. 
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CHAPTER-10 

Extraction process of shatavari root extract and its 

in vitro antioxidant test 

10.1 Materials and Methods 

10.1.1 Chemicals 

Folin–Ciocalteau reagent, DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS, Ascorbic acid, 

Quercetine, Gallic acid were purchased from Sigma–Aldrich Company, USA. Any other 

chemicals were of analytical grade. 

10.1.2 Collection and Identification of Plant Material 

The roots of Asparagus racemosus was collected from the local market and authentication 

was confirmed by NISCAIR/RHMD- Delhi, India., with Ref no. 2018/3279-80-5. The 

dried root sample was powdered and stored in a packed container under the cool condition 

for further use. 

10.1.3 Preparation of plant extracts 

Toluene, DCM, Chloroform, Ethyl Acetate, Acetone, Ethanol, Methanol, Water, 60% v/v 

aqueous Methanol, were used to extract root powder of Asparagus racemosus (40 gm) 

using mechanical stirrer (300 rpm) at room temperature. Extraction process was repeated 

thrice at an interval of 12 hr. The extract was filtered using Whatman filter paper no. 1 and 

concentrated under reduced pressure at 50°C. The concentrate extract was lyophilized and 

stored in refrigerator. 

  



Chapter: 10 Extraction process of shatavari root extract and its in vitro antioxidant test 

210 

 

10.1.4 Phytochemical screening tests 

The lyophilized extracts were tested for the presence of carbohydrates, protein, sterols, 

glycosides, flavonoids, tannin, alkaloids, saponin, phenolic compound, etc. 

10.1.5 Total Phenol Content (TPC) 

Total phenolic content of each extract were determined using Folin Ciocaltue reagent in 

UV Visible Spectrometer[1,2]. 1 mg of dried extract was weighed and dissolved in 2 ml of 

respective solvent that was used for extraction. Filtered through Whatman filter paper no 1. 

1 ml of this solution was added to 2 ml of distilled water and added 1 ml of 10 times 

diluted Folin Ciocaltue reagent. After 5 min of resting, at room temperature, this mixture 

was thoroughly mixed with 1 ml of 10% sodium bicarbonate solution for 30 min on vortex 

mixer. The absorbance of this solution was then measured at 725 nm in a UV Visible 

Spectrometer in triplicate against blank and gallic acid as standard with a concentration 

range between 5-500 µg/ml. The Total Phenolic Content of all extracts were calculated 

from the calibration curve, as mg of gallic acid equivalent (GAE) per g dry weight. 

10.1.6 Total Tannin Content (TTC) 

Total tannin content of extracts was determined using polyvinyl polypyrrolidone (PVPP). 

Used above same extracts, weight 200 mg of PVPP in the test tube[3]. Vortexing the test 

tube for 10 min after adding of 2 ml of distilled water and 1 ml of extract and kept the test 

tube at 40C-100C for 2 hr.  Vortex it again, then centrifuge for 10 min at 4000 rpm. Collect 

the supernant and perform the same procedure of Total phenolic content expressed as the 

content of non-tannin phenolics in the percentage of extract. This supernatant has only 

simple phenolics other than the tannins (the tannins would have been precipitated along 

with the PVPP). From the above results, the Total Tannin Content of the sample was 

calculated as follows: 

Tannins (%) = Total Phenolics (%) - Non-Tannin Phenolics (%) 

10.1.7 Total Flavonoid Content (TFC) 

Total Flavonoid Content was calculated using Aluminium Chloride spectroscopic 

method[4] 1 ml (500 µg/ml) of the extract was mixed with 2 ml of distilled water and 
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added 2 ml of 5% sodium nitrite, incubated this mixture at room temperature for 5 min, 

then added 2 ml of AlCl3. After 6 min 1 M NaOH was added, mixed vigorously, and kept 

it for 15 min at room temperature and measured at 512 nm versus blank. The Total 

Flavonoid Content of different extracts was calculated from the calibration curve, as mg of 

Quercetin equivalent per g dry weight. Calibration of Quercetin (QCE) was prepared in a 

range of 1- 500 µg/ml in MeOH. All extracts were analyzed in triplicates. 

10.1.8 Total Saponin Content (TSC) 

TSC of Asparagus racemosus root was determined as previously described by Vuong et 

al.[5]. 1 ml of 8% Vanillin was added to 1 ml (500 µg/ml) of extract, followed by adding 

5ml 90% H2SO4. Thoroughly mixed the solution and incubated in a water bath at 60˚C for 

10min. Cooled the mixture, measured absorbance at 560nm in spectrophotometer against 

MeOH. Escin was used as the standard for a calibration curve in the range of 1- 500 µg/ml 

and the results were expressed as mg of Escin equivalents (ESE) per gram of sample dry 

weight. All extracts were analyzed in triplicates. 

10.1.9 In vitro Antioxidant Assay 

10.1.9.1 DPPH assay 

% Scavenging effect of different extracts was measured by using 1,1-diphenyl-2-picryl-

hydrazyl (DPPH) assay[6]. Mixed 4 ml of freshly prepared 0.2mM DPPH solution in 

methanol and 2 ml of each extract in a range of 50-500 µg/ml. Incubated this mixture for 

20 min in a dark and cool place. Measured the absorbance with 517 nm using of UV 

Visible Spectrophotometer against Methanol. Blank was prepared with the same method of 

a sample without using an extract. Ascorbic acid used as a positive control. Each sample 

was assayed in triplicate for each concentration. The extract concentration corresponding 

to 50 percent inhibition (IC50) was calculated from the curve of Radical ScavanginActivity 

percentage against extract concentration. 

% 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑎𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

=
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100 
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10.1.9.2 Ferric Reducing Power Assay (FRAP) 

Vortex every 2 ml of different concentration range (50-500 µg/ml) of an extract with 2 ml 

of phosphate buffer (6.6 pH) and 2 ml of 1% Potassium Ferricyanide[7]. Kept this mixture 

in a water bath at 50°C for 20 min. Then after cool the mixture and added 1.5 ml of 10% 

Trichloro Acetic acid with 2 ml of 0.1% Ferric Chloride solution. Measured reducing 

power using UV Visible spectrophotometer at 725 nm against distilled water. Blank was 

prepared as above mentioned method without extract. Ascorbic acid used as a positive 

control. Each sample was assayed in triplicate for each concentration. The extract 

concentration corresponding to 50 percent inhibition (IC50) was calculated from the curve 

of reducing the percentage against extract concentration. 

% 𝑟𝑒𝑑𝑢𝑐𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100 

10.1.9.3 ABTS free radicles anion assay 

Free Radical cation scavenging activity of different extracts was examined by 

spectrophotometrically by [2,20-azino-bis(3-ethylbenzothiazoline-6- sulfonic acid)].[8]. 

ABTS cation decolorization assay and the absorbance was taken at 740 nm. Free radical 

cation of ABTS was prepared by reacting 10mM of ABTS solution in distilled water and 5 

mM potassium persulphate in the dark place at room temperature for 24 hr. Finalized the 

absorbance of the free radicle of ABTS solution below 1.00±0.02 at 740 nm using the Uv 

Visible spectrophotometer. Incubate mixture of 4 ml ABTS.- solution and every 2 ml of 

different extract (50-500 µg/ml) at 300C for 6 min and then measured this mixture at 740 

nm. Blank was prepared without extract as above procedure. Ascorbic acid used as a 

positive control. Each sample was assayed in triplicate for each concentration. The extract 

concentration corresponding to 50 percent inhibition (IC50) was calculated from the curve 

of inhibition percentage against extract concentration. 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
× 100 
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10.2 Statistical analysis 

Statistical analysis was carried out with Graph Pad Prism 11 software (Graph Pad 

Software, Inc., USA), and results are expressed as means ± standard deviation. Differences 

between means were determined using Tukey multiple Comparisons. P values <0.05 were 

regarded as significant. The correlation coefficients (R2) were calculated to determine their 

relationship. 
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10.3 Result and Discussion 

10.3.1 Effect of solvent on yield 

 

Figure 10.1. Effect of varying extracting solvents on extract yield of A. racemosus          

In this work various solvents were used for extraction of phytoconstituents from 

Asparagus racemosus root powder like toluene, dichloromethane, chloroform, 

ethylacetate, acetone, ethanol, methanol, water, an aqueous mixture of methanol, ethanol, 

and acetone.  Extraction yield of different solvents as shown in Table 10.1. The % yield of 

various extract was given in the following order: 60 %v/v aqueous Methanol > Methanol > 

Water > Ethanol > Acetone > DCM > Ethyl Acetate > Toluene > Chloroform.  From the 

observation of extraction yield, the highest yield obtained by using 60% aqueous methanol 

(56.62%). It can be also seen that extraction by using a solvent with lower polarity index 

(3.27% for Chloroform, 3.57% for DCM, 3.52% for Ethyl Acetate, 1.37% for Toluene) 

seems lower yield compare to polar solvents (21.25% for Methanol, 9.92% for Ethanol, 

7.62% for Acetone, 12.9% for Water). No yield found in hexane extract. (Value not shown 

in graph). This shows the polarity of the solvent effect on the extraction yield. From the 

result of yield concluded that aqueous phase in solvents like Methanol, Ethanol, Acetone 

enhances extraction yield. This indicates that constituents like protein, carbohydrate, 

water-soluble vitamins, salts may have been extracted with the water phase in a mixture of 

aqueous organic solvent and give its contribution in extraction yield.[9-11]. So, a mixture 

of water and organic solvent might be facilitating the extraction of phytoconstituents 
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soluble in water as well as organic solvents. This can be a reason for the higher yield of 

aqueous methanol, aqueous ethanol, and aqueous acetone extracts. Therefore, when using 

the same temperature and extraction time, the polarity of the solvent performs an important 

role on % yield of the extraction process. 

Table: 10.1 Extraction yield, TPC, TFC, TTC, TSC of different extracts of A. 

racemosus root. 

Sample %Yield 
TPC 

(mgGAE/g) 

TFC 

(mg QCE/g) 

TTC 

(mg GAE/g) 

TSC 

(mg ESE/g) 

Toluene 1.37% 41.50±0.14ah 38.19±0.65a 18.28±0.50a 102.3±5.71i 

DCM 3.57% 111.1±0.14b 106.7±1.70b 33.25±1.16bc 274.7±1.65h 

Chloroform 3.27% 111.6±0.39cb 109.3±0.64c 33.83±0.42cd 283.2±1.65f 

Ethyl 

Acetate 
3.52% 111.4±0.15dbc 107.8±0.65d 32.76±0.38db 295.6±1.65e 

Acetone 7.62% 220.8±0.74e 219.3±0.64e 108.4±0.88e 282.3±2.86ghf 

Ethanol 9.92% 92.53±0.38fi 58.56±1.12f 25.59±0.29f 70.86±2.86kj 

Methanol 21.25% 211.74±0.14g 237.44±1.12g 88.35±0.29g 579.4±2.85a 

Water 12.9% 42.15±0.38h 38.18±1.70h 18.92±0.62ha 77.53±1.64j 

60 % v/v 

aq. 

Methanol 

56.62% 93.35±0.15i 60.41±0.65i 25.52±0.15i 504.2±1.69b 

Values are mean of three replicate determinations (n =3)±standard deviation. Mean values 

followed by different superscripts in each column are significantly different (P< 0.05) 

10.3.2 Total Phenolic Content 

Polyphenolic compounds are act as antioxidants, and protective agents against UV light. In 

the test of total phenolic content Folin-Ciocalteu reagent is used, which measures the total 

concentration of phenolic hydroxyl groups and Sometimes –NH,-SH group too in the plant 

extract. Electron reach groups interact with specific redox reagents (Folin-Ciocalteu 

reagent) to form a blue chromophore constituted by a 

phosphotungsticphosphomolybdenum complex that can be quantified by 

spectrophotometry. Intensity of the blue complex depends on the concentration of the 

phenolic compounds in the extract. The Value of TPC shows in Table 10.1 The TPC Value 
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range from 220.8±0.74 to 41.50±0.14and they decrease in following order : Acetone > 

Methanol > Chloroform = Ethyl Acetate = DCM > 60 %v/v aqueous Methanol > Ethanol > 

Toluene = Water. Equal sign indicates that there was not any significant difference 

between solvent extract. From the above observation, Acetone, Methanol extract shows 

significantly higher than TPC than other solvents. Extraction value of Chloroform, Ethyl 

Acetate and DCM are statistically similar, because polarity index might be affected for its 

similarity. The TPC of Ethanol is lower than Chloroform, DCM, Ethyl Acetate, even if 

polarity index similar to these three solvents.  It may be possible due to the viscosity of 

Ethanol is higher than Chloroform. A Solvent with lower viscosity can easily penetrate to 

pores of the cell wall of plant material than high viscosity. From the above result 

concluded that higher polarity like Water, and lower polarity like Methanol, Acetone are 

not effective for the extraction of TPC from A. racemosus.  Acetone and Methanol extract 

shows the highest TPC in L. delicatulum[12] and in L. aromatica[13], which are similar to 

our study. Asparagamine A, Racemosol, and Racemofuran are phenolic compounds that 

are isolated from Shatavari root. So the complexity and nature of the phenolic structure, 

viscosity, and polarity of the solvent may affect TPC of plant material. In our study 

Methanol and Acetone is the best solvent.   

10.3.3 Total Flavanoid Content 

Table 11.1 shows TFC of extracts. The result of TFC grouped into four groups. Groups are 

divided based on the statistical similarity of TFC of different solvents. The first group 

shows the highest TFC belongs to pure acetone 219.3±0.64 followed by the second group 

contain Chloroform, Ethyl Acetate and DCM, shows no any significant difference. And the 

Third group obtained least TFC includes Toluene and Water. The Result of TFC concluded 

that the effect of solvents is similar to TPC. Highest TFC found in Acetone and least in 

Water and Toluene, this sequence is similar to TPC. Flavonoids are more common 

polyphenol found in nature. It has the potential to inhibit metal-induced lipid peroxidation. 

In this test, aluminum chloride makes a complex with a phenolic hydroxyl group and 

makes color complex, measured by UV Visible spectrometer. Some flavonoids are found 

from A. racemosus root[14,15]. Solvents, such as Methanol, Ethanol, Acetone, Ethyl 

Acetate, and their combinations have been used for the extraction of phenolics from plant 

materials, often with different proportions of water. Selection of the right solvent effects on 

the amount of polyphenols constituents.  
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10.3.4 Total Tannin Content 

Tannins are naturally occurring polyphenolic compounds of high molecular weight. By 

using of Folin Ciocaltue reagent all phenolic constituents including tannin, flavonoid 

contributed to the result of TPC.  Total tannin can be measured by Coupling of this method 

with insoluble matrix, polyvinyl polypyrrolidone (PVPP; binds tannin-phenolics). In our 

study, acetone shows the highest tannin content 108.4±0.88and least found in water 

18.92±0.62. This result is related to the study of bunga kantan in florescence [16]. Results 

of TFC, TTC, and TPC are similar for the same solvents. It is due to its phenolic nature.  

10.3.5 Total Saponin Content 

The Value of TSC shows in Table 10.1 The Highest saponin content was found in 

methanol extract. And lowest shown in toluene extract. For determination of total saponin 

content, sulphuric acid was hydrolyzed glycosidic linkage of saponin in the presence of the 

heating condition and after that vanillin forms bond with formed sapogenin, which gives 

red-purple color measured at wavelengths  560 nm.  

This result does not match with the result of TPC, TFC, and TTC. This may be due to its 

steroidal structure of saponin in A. racemosus, shows different solubility than phenolic 

compound[17]. 

10.3.6 In vitro Antioxidant activity 

Anti-oxidants are compounds that inhibit oxidation by reducing or quenching free radicals. 

Antioxidant compound acts via various mechanisms as hydrogen atom transfer, single 

electron transfer, and chelation of transition metal. Thus, the process of damaging of 

normal cell by free radicles will be inhibited by antioxidant compounds. Constituents with 

–OH, -NH, SH group in aromatic ring responsible for antioxidant power of particular 

compound. Generally, phenolic compounds contain phenolic hydroxyl groups that can 

donate a hydrogen atom or an electron to free radical, and unpaired electrons of phenolic 

compounds are delocalized in the extended conjugated aromatic system.  Various models 

are available for assay of antioxidant power of different chemicals like DPPH, FRAP, 

ABTS, ORAC[18] etc. In this work three different models were used for in-vitro assay of 

phytoconstituents. Antioxidant ability of each extract was compared based on the IC50 

value obtained from the linear equation of respective absorbance of different extracts with 
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different concentrations range. The IC50 indicated how much concentration needed to 

inhibit response at 50 % level. A Lower value of IC50 value indicates good antioxidant 

ability. 

Table 10.2 IC50 (µg/ml) value of DPPH free radical assay, FRAP, ABTS.- scavenging, 

Sample DPPH FRAP ABTS.- 

Toluene 9.97±0.97ah 10.28±0.14ah 10.18±0.09ai 

DCM 6.10±0.02bc 6.39±0.06bc 6.09±0.094bc 

Chloroform 5.63±0.34cd 6.24 ±0.11cd 5.07±0.11cd 

Ethyl Acetate 5.83±0.29db 6.27±0.089db 5.61±0.08db 

Acetone 0.83± 0.02eg 0.34 ±0.10eg 1.05±0.04eg 

Ethanol 9.54±0.73f 10.18±0.03fa 9.69±1.23f 

Methanol 0.81±1.48g 0.26±0.04g 1.03±3.08g 

Water 11.44±1.23h 10.31±0.10hf 11.51±0.33h 

60 % v/v aq. Methanol 9.52±0.22ifa 10.13±0.10iha 9.7±0.13ifa 

Values are mean of three replicate determinations (n =3)±standard deviation. Mean 

values followed by different superscripts in each column are significantly different (P< 

0.05) 

 

DPPH is a stable synthetic chemical with three benzene rings with an unpaired electron of 

centered nitrogen. Due to this odd electron, the alcoholic solution of DPPH solution shows 

maximum UV absorption at 517 nm in the spectrophotometer. Reducing agents or 

antioxidant react with an unpaired electron of DPPH, now this reduced DPPH shows less 

absorption at 517 nm[19] 

Potassium ferricyanide  (Fe3+) reduced by reducing substance to form potassium 

ferrocyanide (Fe2+) yellow in color, ferric chloride reacts with ferrocyanide and to form 

Prussian blue-green ferric ferrous complex that has lambda max at 700 nm[20].  

ABTS is chemically 2,2-azinobis (3-ethylbenzothiazoline-6-sulphonic acid). The Stable 

free radicle of ABTS (colorless solution) is generated with the help of potassium per-

sulphate. The Blue-green color of the radical anion (ABTS•−) absorbs 734 nm UV visible 

light. Fall in absorbance of radical anion of ABTS shows the antioxidant potential of 

phytoconstituents [21].  

From the observation Table 10.2, it was seen that order of IC 50 value of different solvent 

shows similar for all three-antioxidant assay. The order of anti-oxidant activity of different 
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extract and TPC. TFC and TTC correlated with each other. From, the literature concluded 

that the hydroxyl group of phenolic constituents inhibit free radicles. Methanol and 

Acetone extract shows significantly the highest antioxidant ability (p<0.05). Water, 

Toluene, and Methanol extract resulted in the lowest reducing power as compared to other 

extracts. Phenolic constituents of A. racemosus are lipophilic in nature. So, they are more 

soluble in an organic solvent as compare to the aqueous solvent. 

 

10.4. Correlation between TPC, TFC, TTC, TSC, and Antioxidant assay 

Table 10.3 Correlation coefficient (R2) between TPC, TFC, TTC, TSC, and 

Antioxidant assay 

 TPC TFC TTC TSC ABTS DPPH FRAP 

TPC  0.966 0.924 0.065 0.872 0.855 0.869 

TFC 0.966  0.934 0.045 0.899 0.876 0.897 

TTC 0.923 0.934  0.019 0.992 0.988 0.992 

TSC 0.065 0.045 0.019  0.004 0.002 0.007 

ABTS 0.872 0.899 0.992 0.004  0.998 0.999 

DPPH 0.854 0.876 0.988 0.002 0.998  0.998 

FRAP 0.869 0.897 0.992 0.007 0.999 0.998  

 

The result of a different antioxidant assay, TPC, TTC, TFC, and TSC were compared and 

correlated with each other and its correlation coefficient (R2) is shown in Table 10.3. The 

Total phenolic content shows 87.2 %, 85.5% and 86.9 % correlation for ABTS, DPPH, and 

FRAP respectively. Similarly flavonoids contribute to 89.9%(ABTS), 87.6%(DPPH), 

89.7%(FARP) for antioxidant activity. total tannin content contributes 99.2% ( ABTS, and 

FARP) and 98.8 % for the antioxidant property. TSC shows poor correlation with 

antioxidant assay, TPC, TFC. So, it suggests that there is no any role of saponin content for 

free radical scavenging activity. It may be due to a lack of free phenolic hydroxyl group. 

TPC, TTC, and TFC also show a good correlation with each other. this concluded that 

polyphenolic constituents are responsible for major antioxidant activity and are correlation 

ranged from 85% to 99%. The rest of the proportion of antioxidant comes from 

nonphenolic contents like vitamins, carotenoids,[22] etc.  

 



Chapter: 10 Extraction process of shatavari root extract and its in vitro antioxidant test 

220 

 

10.5. Conclusion 

The present research work suggested that amount of phytoconstituents and in vitro 

antioxidant potential influenced by different extracting solvents. In general, aqueous 

solvent increases yield of extract. Although, the highest level of antioxidant is observed in 

the Acetone and methanol extracts of A. racemosus when compared with other solvents 

and saponin content found highest in Methanolic extract. This result indicates that acetone 

extract of A. racemosus could serve as potential antioxidant medicine against free radical-

induced physiological damages. This data may be fruitful for isolation of phytoconstituents 

fron Shatavari. 
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Chapter 11 

Partial validation of HPLC method for Shatavarin 

IV 

11.1. Materials and Methods 

11.1.1. Chemicals and Reagents 

Shatavarin IV and stigmasterol were purchased from Natural Remedies Pvt. Ltd. (Bangalore-

560100. INDIA). Acetonitrile, methanol and Water were of HPLC grade from Sigma Aldrich 

(Mumbai, India).  All other reagents were of analytical grade. 

11.1.2. Instrumentation 

Thermo scientific UHPLC (ultimate 3000) system was used for liquid chromatography 

method development and validation (Santa Clara, USA), equipped with a Quaternary pump 

system, a manual injector (Rhenodyne) (model 2255i), and Sunfire C8 (100 mm X 2.1mm, 3.5 

µm) column, and the detector consisted of UV/VIS operated operates at 200-800 nm range. 

Chromeleon 6.8 Software was used for data processing and Evaluation. 

11.1.3. Preparation of stock and working standard solutions 

The stock standard solution Shatavarin IV and Stigmasterol were prepared in HPLC grade 

methanol at 500 μg/ml concentration. The working standard solutions were prepared by 

diluting the mixed standard solution to a series of concentrations the stock solution in 

methanol.  
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11.1.4. Selection of wavelength  

Determination of detection wavelength was based on the scanned UV spectrum of the 

Shatavarin IV and Stigmasterol solution over the range of 200 to 400 nm.  

11.1.5. Chromatographical conditions  

The chromatographic separation was performed using gradient elution at ambient temperature 

(25°C) on Sunfire C8 (100 mm X 2.1mm, 3.5 µm) column (Paisley, UK) with UV detection at 

210 nm. The solvent system used was 0.1% acetic acid: Acetonitrile (70:30 %v/v) with a 1 

ml/min flow rate. The injection volume was 20 μl for every injection [1]. 

11.2. Partial validation of analytical method 

The developed RP-UHPLC method was validated in terms of the following parameters; 

specificity, linearity, sensitivity, precision, accuracy and stability of standard solutions. The 

validation was carried out according to International Conference on Harmonization (ICH) 

guidelines for validation of analytical procedures (Q2 R2).[2-3] 

11.2.1. Specificity  

The specificity and selectivity of method was investigated by injecting of blank samples of 

mobile phase as excipient to demonstrate the absence of interference in standard samples. 

11.2.2. Linearity  

The working standard solutions were prepared by diluting the mixture of standard solution 

with methanol to a series of concentrations that is used for plotting the calibration curves 

within the ranges from 2-15 μg/ml. All solutions were stored at -20˚C until use and sonicated 

prior to injection. Linear regression analysis was used to evaluate the linearity of the 

calibration curve by using the least square linear regression method. 
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11.2.3. Sensitivity 

Limit of detection (LOD)/limit of quantitation (LOQ) of standards were determined by 

measuring S/N (signal to noise). The LOD is the concentration that gives a S/N of 

approximately 3:1, while LOQ is the concentration that gives S/N of approximately 10:1 with 

%RSD (n = 3). 

11.2.4. Accuracy  

Accuracy of the assay method was determined by recovery studies at three concentration 

levels (50%, 100%, and 150%), i.e., 4, 8, and 12 μg/ml, and three samples from each 

concentration were injected. The percentage recovery of added standard mixture and % RSD 

were calculated for each of the replicate samples. 

Table 11.1: Sample preparation for accuracy. 

Level % Blank (µl) Spiked volume (µl) 
Final concentration 

(μg/ml) 

50% (4 μg/ml) 1 1 2 

100% (8 μg/ml) 1 1 4 

150% (12 μg/ml) 1 1 6 

11.2.5. Precision 

Results for inter day and intraday precision were expressed as percentage relative standard 

deviation (%RSD) or coefficient of variance. 

11.2.5.1. Repeatability 

Mixture of standard solution at 100% level (8 μg/ml) was injected six times, areas of peaks 

were measured and % RSD was calculated to determine the repeatability of the method. 
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11.2.5.2. Intra- day and Inter-day precision 

Mixture of standard solution at different level (50%, 100%, 150%) of concentration were 

analyzed for 0 hr, 6 hr and 12 hr in same day for the determination of intra-day precision and 

on three different days for the determination of inter-day precision and % RSD was calculated. 

11.2.6. Stability of solution 

Stability of sample solutions (8 μg/ml) stored at room temperature was investigated by 

injections of the sample solution at 0, 2, 4, 8, 12 and 24 hr. The solution was analyzed, and the 

average of the peak and the RSD were calculated. 

11.2.8. Different Shatavari root extracts study 

500 mg of each extract dissolved in 100 ml of methanol (HPLC grade) separately and sonicate 

solution for 30 min and filter solution from 0.45 µ syringe filter. Prepared solution injected in 

developed UHPLC method and find out total amount of shatavarin IV in each extract. 
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11.3. Result and Discussion 

11.3.1 Selection of wavelength  

Maximum absorbance was observed at 210 nm. 

 

Figure 11.1: Overlay spectrum of Shatavarin IV and Stigmasterol 

 

Figure 11.2: Chromatogram of Shatavarin IV and Stigmasterol 

1: Shatavarin IV (RT-10.56 min), 2:  Stigmasterol (RT- 12.01min). For Two standards 

theoretical plate was found >2000, tailing factor <1.5 and resolution between each peak was 

>2. 

  

Shatavarin IV 

Stigmasterol 
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11.3.2. Specificity 

Specificity was evaluated by comparing the chromatograms of mobile phase standard solution 

and blank. Chromatogram of mobile phase blank is shown in Figure 11.3. It can be resulted that 

there were no any peaks found at the retention time of standards.  

 

Figure 11.3: Chromatogram of blank 

11.3.3. Linearity  

The results of linearity study (Figure 11.4) gave linear relationship over the concentration 

range of 2-15 μg/ml for standard mixture. From the regression analysis, a linear equation was 

y=0.049+0.0787, (r2=0.992), indicating a linear relationship between the concentration of 

analyte and area under the peak. 

 

Figure 11.4: Calibration curve of Shatavarin IV 

y = 0.049x + 0.0787
R² = 0.9925
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Figure 11.5: Calibration overlay of Shatavarin IV (peak No 1) 

11.3.4.  Limit of Detection and Limit of Quantification (LOD and LOQ) 

The Results showed an LOD and LOQ for Shatavarin IV of 0.05±0.01 μg/ml and 0.15±0.01 

μg/ml, respectively, with < 2% RSD 

 

 

Figure. 11.6: Chromatogram of LOD For Shatavarin IV 
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11.3.5. Accuracy 

The results of accuracy were showed percentage recovery at each three levels in the range of 99 

– 101 %, and % RDS values were found to be < 2% as shown in below Table 11.2. The results 

of percentage recovery and %RSD were within the accepted limits from 98.0% to 102.0% and 

not more than 2.0%, respectively, which showed that the method is accurate for analysis.[2] 

Table 11.2: Accuracy data of Shatavarin IV 

Level 

(%) 

Area 

found 

Concentration 

found (μg/ml) 

% 

Recovery 
Mean SD % RSD 

50 

0.177 2.01 100.50 

100.50 0.41 0.41 0.178 2.02 101.00 

0.177 2.00 100.00 

100 

0.277 4.05 101.25 

100.33 0.66 0.65 0.274 3.99 99.75 

0.275 4.00 100.00 

150 

0.373 6.01 100.17 

100.17 0.41 0.41 0.375 6.04 100.67 

0.372 5.98 99.67 

11.3.6. Precision 

The results of repeatability, inter-day and intra-day precision was showed that the method is 

precise within the acceptable limits. i.e., < 2% of RSD, all the results were within limits. The 

results of precision shown in table 11.3-11.5[3].  
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11.3.6.1. Repeatability 

Table 11.3: Data of Repeatability 

Sample No. Area of Shatavarin IV 

1 0.373 

2 0.378 

3 0.375 

4 0.379 

5 0.378 

6 0.373 

Mean 0.38 

SD 0.003 

%RSD 0.64 

11.3.6.2. Intra-day precision 

Table 11.4: Data of intra-day precision of Shatavarin IV 

Level 

(%) 
Time (hr) Area found Mean SD % RSD 

50 

0 0.177 

0.18 0.00 1.23 6 0.179 

12 0.182 

100 

0 0.285 

0.28 0.00 1.58 6 0.275 

12 0.276 

150 

0 0.375 

0.37 0.00 0.28 6 0.373 

12 0.373 
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11.3.6.3. Inter-day precision 

Table 11.5: Data of inter-day precision of shatavarin IV 

Level Day Area found Mean SD % RSD 

50 

1 0.176 

0.18 0.00 1.50 2 0.176 

3 0.182 

100 

1 0.276 

0.28 0.00 0.73 2 0.279 

3 0.274 

150 

1 0.378 

0.37 0.00 0.69 2 0.372 

3 0.373 

11.3.6.4. Solution Stability 

The percent of recovery was found within the range of 99.0% to 102.0% and RSD was < 

2.0%, indicating a good stability of the sample and standard solutions for 24 hr at room 

sconditions. The percent of recovery was and the %RSD is within the limit the acceptable 

limit. The results are shown in Table 11.6. 

Table 11.6: Data of solution stability of Shatavarin IV 

Time (hr) 
Area 

found 

Concentration 

found (μg/ml) 

% 

Recovery 
Mean SD % RSD 

0 0.373 6.00 100.00 

100.53 

 

0.87 

 

0.86 

 

2 0.377 6.09 101.50 

6 0.378 6.10 101.67 

12 0.372 5.99 99.83 

24 0.372 5.98 99.67 
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11.3.7. Chromatograms of different extracts and Shatavarin IV content 

 

Figure 11.7: Overlay chromatograms of different extracts  
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1– Methanol, 2- 60 %v/v aq Methanol, 3- Acetone, 4- Water, 5- DCM, 6- Ethanol, 7- Hexane 

8- Ethyl Acetate, 9-Chloroform, 10- Toluene 

Shatavarin IV were detected in All ten extracts, data of Shatavarin IV in different extracts 

were shown in table 11.7. Highest amount of Shatavarin IV were found in following order: 

Methanol > Acetone > Ethanol > 60 %v/v aq Methanol > DCM > Ethyl Acetate > Toluene >   

Chloroform > Hexane = Water. 

Table 11.7: Shatavarin IV content in different extracts 

Extract Area 
Concentration 

found (in μg/ml) 

Amt in 500 mg of 

extract (mg) 

Ethanol 0.608 10.80 0.83 

Acetone 0.526 9.13 1.01 

DCM 0.404 6.64 0.66 

Water 0.075 0.00 0.00 

Chloroform 0.138 1.21 0.12 

60 %v/v aq. 

Methanol 
0.527 9.15 0.60 

Toluene 0.151 1.48 0.15 

Hexane 0.078 0.00 0.00 

Ethyl Acetate 0.159 1.64 0.59 

Methanol 0.214 2.76 1.15 
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11.4. Conclusion 

Root powder of shatavarin is used in various ayurvedic preparation. This method is already 

developed, validated and reported. Here, partial validation of this method was done as per ICH 

guideline. It may be useful for the quality control of formulations containing Shatavarin or 

other plants containing Shatavarin IV.  

  



Chapter: 11 Partial validation of HPLC method for Shatavarin IV 

236 
 

List of References 

1. Patil D, Gautam M, Gairola S, Jadhav S, Patwardhan B, (2014) HPLC/Tandem Mass 

Spectrometric Studies on Steroidal Saponins: An Example of Quantitative 

Determination of Shatavarin IV from Dietary Supplements Containing Asparagus 

Racemosus. J. AOAC Int. 97 (6), 1497–1502.  

2. Naseef  H, et al. (2018) Development and Validation of an HPLC Method for 

            Determination of Antidiabetic Drug Alogliptin Benzoate in Bulk and Tablets.      

2018,1-7 

3. Bairwa K et al.(2013) Quantitative Analysis of Boeravinones in the Roots of 

Boerhaavia Diffusa by UPLC/PDA. Pharmaceutical analysis.25(5),1-5 

 



Chapter: 12 Formulation development and standardization of Shatavari Root extract 

237 

 

CHAPTER-12 

Formulation development and standardization of 

Shatavari Root extract 

12.1 Materials and Methods 

12.1.1 Chemical and Reagent 

The roots of the Asparagus racemosus were supplied by the medicinal garden, Ayurvedic 

University, Jamnagar, India. HPMCAS-L has received a generous gift from Bharat 

Parenterals Limited, Vadodara, India. HPMC E-5 was purchased from Loba chemie Pvt. 

Ltd, India. PVP K 30 was purchased from Molychem, Mumbai, India. Shatavrin IV 

standard was purchased from Natural remedies, Bangaluru, India. 

12.2.1 Preparation of methanolic extract 

The supplied roots of Asparagus racemosus were authenticated by Raw Materials 

Herbarium & Museum headed by the National Institute of Science Communication and 

Information Resources, New Delhi, India. The authenticated roots were grinded to powder 

by using a cutter mill. The powder was passed through sieve 20 # to ensure the uniformity 

of particles. The root powder of Asparagus racemosus (40 gm powder) was macerated 

with Methanol (250 ml) three times at room temperature for 12 hours. The extracts were 

collected, filtered, and then concentrated by using a rotary vacuum evaporator till all the 

possible solvent was evaporated. The remaining solvent was removed by freeze-drying 

(Delvac, India) the remaining material at -70 °C for 4 hours. At the end of the freeze-

drying process dried crystalline material was obtained.  
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12.1.3 Preparation of SD  

The SDs was prepared by the solvent evaporation method. Initially, the polymers were 

dispersed in a suitable solvent and allowed to get hydrated by using a magnetic stirrer for 

12 hours until the clear solution was formed. PVP K-30 and HPMC E-5 were dissolved in 

methanol whereas acetone was used to dissolve HPMCAS-L. The polymeric solution was 

mixed with the methanolic extract in a fixed ratio (1:1, 1:2, and 1:4) and stirred for 2 hours 

by using a magnetic stirrer. The obtained clear solutions were added to the rotary vacuum 

evaporator, rotating at 60 rpm, with the set water bath temperature at 70 °C until the 

solvent was completely evaporated. The resulted dry material was scrapped and freeze-

dried for 4 hours at – 70 °C in order to remove the remaining solvents (Figure-12.1).  

 

  

Figure-12.1: Schematic diagram for preparing of SDs of Asparagus racemosus 

methanolic root extract by using a rotary vacuum evaporator 

12.2 Evaluation parameters 

12.2.1 Assay of Formulation 

10 mg of each formulation soluble in 2 ml of methanol separate and sonicate for 15 min 

and filter each solution from 0.45 µm syringe filter. Inject the sample in UHPLC and 

calculate % assay. 
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12.2.2 Saturation solubility 

The saturation solubility of methanolic extract and all the prepared formulations were 

measured by the shake flask method. The excess amount of material was added to the 6.8 

phosphate buffer in a 100 ml conical flask and was kept in a shaking incubator for 24 hours 

at 25 °C. After 24 hours, the 1 ml aliquots were removed and passed through 0.45 µm filter 

paper in order to remove the insoluble particles. The drug content in the aliquot was 

measured by using UHPLC (Thermo scientific - model G-1312A, Santa Clara, USA) at 

210 nm. 

12.2.3 FTIR study  

FITR was recorded for accessing the stability of the phytoconstituents within the 

prepared formulations. The pure extract and the prepared formulations were compressed 

with a KBr disc.  The prepared disc was scanned in the region of 4000 to 400 cm
-1 

to 

obtain the IR spectra (FTIR-8400, Shimadzu, Japan). 

12.2.4 DSC study (Differential scanning calorimetry) 

DSC was performed to access the state of the material (amorphous/crystalline) within the 

formulation as it can significantly affect the dissolution rate and thus the success of oral 

formulation. 5 mg pure extract and prepared formulations were sealed in standard 

aluminum pans and were scanned at a rate of 5⁰C/minutes from 20 ⁰C to 300 ⁰C.  The 

empty pans sealed similarly were used as a reference (DSC-60, Shimadzu, Japan). 

12.2.5 PXRD study (Powder X-ray diffraction) 

X-ray diffraction patterns of pure extract and prepared ASD were recorded on powder X-

ray diffractometer by using Ni-filtered, CuK radiation, at a voltage of 30 kV and 15 mA 

current. The scanning rate was fixed at 1° min−1 over the 5–70° 2θ range (D8 FOCUS, 

BRUKER AXS, Germany). 
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12.2.6 Flow property 

The acceptable flowability is an essential prerequisite for the industrial-scale production of 

oral dosage forms such as tablets and capsules. The flowability of the prepared batches was 

measure by fixed funnel methods and was calculated according to the following equation  

                                                          tanθ =
h

r
                                                                

12.2.7 In-vitro dissolution study  

For the in-vitro dissolution study, the pure extract and the SDs containing the equivalent 

of 500 mg of dried extract (approximate 1.12 mg of shatavarin IV) were filled in the 

gelatine capsules without any excipients. The capsules were added to USP dissolution 

apparatus type – II containing 6.8 pH Phosphate buffer (250 ml) as a dissolution medium 

(Electrolab, India). The rotating speed was set at 50 rpm and the temperature was set at 37 

± 0.5 °C. At predetermined time intervals, 2 ml samples were withdrawn and it was 

replenished with pre-warm dissolution medium to maintain the sink condition. The 

collected samples were passed through a 0.45 μm membrane filter paper and analyzed by 

UHPLC, (Thermo scientific - model G-1312A, Santa Clara, USA) at 210 nm. 

12.2.8 In vitro Antioxidant activity 

12.2.8.1 DPPH based method 

The % Scavenging effect of extract of A. racemosus and its SD preparations were 

measured by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay. Prepared 500 µg/ml 

solution of each SD preparations and pure extract in phosphate buffer medium (6.8 pH), 

then sonicate for 30 min  and filter through syringe filter (0.45 µ). The 4 ml of freshly 

prepared 0.2 mM DPPH solution in methanol and 2 ml of each formulation as well as pure 

extract mixed. This solution incubated for 20 min in a dark and cool place. The resulting 

solution was shaken dynamically for 10 min and incubated for 30 min. The test sample 

was measured at 517 nm using a UV-Visible spectrophotometer (UV-1800,Shimadzu, 

Japan). Blank solution prepared without adding of sample[1] 
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12.2.8.2 ABTS based method 

Free radical anion of ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) was 

prepared by reacting 10 ml 10mM aqueous solution of ABTS and 10 ml 5 mM potassium 

persulphate, kept the solution in a dark place at room temperature for 24 hr. Finalized the 

absorbance of the free radicle of ABTS solution below 1.00±0.02 at 740 nm using the UV 

Visible spectrophotometer (UV-1800,Shimadzu, Japan).  Incubate the mixture of 4 ml 

ABTS.- solution and every 2 ml of extract and SD preparations (500 µg/ml) at 30˚C for 6 

min and then measured this mixture at 740 nm. Blank was prepared without extract as 

above procedure. Each sample was assayed in triplicate for each concentration.  [2,3]. 

The percentage of DPPH/ABTS free radicals scavenging property of the prepared ASDs 

and the pure extract was calculated using the following equation: 

% radical scavenging activity =
Absorbance of blank − Absorbance of sample

Absorbance of blank
× 100 

12.2.9 Stability study 

The samples were stored on glass vails and sealed rubber closure. The samples were 

stored in a stability chamber at 25 ⁰C/60 ± 5 RH for 6 months (Technology exchange 

service limited, Ahmedabad, India). and were periodically analyzed for possible 

crystallization of material by using DSC study and also calculate % drug content.  
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12.3 Result and Discussion 

12.3.1 HPLC analysis 

The pure extract was dissolved with methanol and sonicated for 15 minutes. The solution 

was filtered through a 0.45 μm membrane filter to remove the undissolved debris. The 

filtrate was analyzed by UHPLC- high-performance liquid chromatography (Thermo 

scientific - model G-1312A, Santa Clara, USA), with an autosampler (model-G 1329 A) 

and UV/visible detector (at 210 nm). Sunfire C8 (100 mm X 2.1mm, 3.5 µm) column 

(Paisley, UK) was used for the separation of phytoconstituents at 25 °C. As the herbal 

extract contains a mixture of secondary metabolites, it is a standard practice to use anyone 

analytical marker to standardized it[5]. In the present investigation, Shatavarin IV – 

steroidal saponin is considered as an analytical marker to standardized the methanolic 

extract. The solvent system used was 0.1% acetic acid: Acetonitrile (70:30 %v/v) with a 1 

ml/min flow rate. 

12.3.2 Results of various evaluation parameter 

12.3.2.1 Assay 

Assay analysis was done on all SDs in triplicate. The drug content in the solid dispersion 

shows a range of 98.33 - 100.93% mentioned in Table 12.1. 

Table 12.1: Assay of the different SDs 

SDs Assay (%w/w) 

PE: PVP K-30 (1:0.5) 99.01±1.22 

PE: PVP K-30 (1:1) 99.05±0.07 

PE: PVP K-30 (1:2) 98.33±0.01 

PE: PVP K-30 (1:4) 100.10±0.24 

PE: HPMCAS-L (1:0.5) 100.01±2.40 

PE: HPMCAS-L (1:1) 102.43±2.89 

PE: HPMCAS-L (1:2) 99.56±1.35 

PE : HPMCAS-L(1:4) 98.02±0.67 

PE: HPMC E-5 (1:0.5) 100.00±4.23 

PE: HPMC E-5 (1:1) 99.65±0.66 
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PE: HPMC E-5  (1:2) 99.80±0.31 

PE: HPMC E-5  (1:4) 100.93±0.94 

 

12.3.2.2 Saturation solubility study 

Table 12.2 Data of saturated solubility 

SDs Concentration in µg/ml (±SD) 

Pure Extract (PE) 27.37±1.17 

PE: PVP K-30 (1: 1) 30.12±1.24 

PE: PVP K-30 (1: 1) 139.27±11.11 

PE: PVP K-30 (1: 2) 253.62±13.99 

PE: PVP K-30 (1: 4) 242.08±8.10 

PM (SE+PVP K-30) 128.08±3.12 

PE: HPMC AS-L (1: 1) 28.22±1.26 

PE: HPMC AS-L (1: 1) 100.08±10.81 

PE: HPMC AS-L (1: 2) 203.04±11.97 

PE : HPMC AS-L(1: 4) 186.49±6.84 

PM (SE+HPMC AS-L) 121.43±9.17 

PE: HPMC L 5 (1: 1) 26.34±2.01 

PE: HPMC L 5 (1: 1) 100.77±20.06 

PE: HPMC L 5 (1: 2) 95.78±5.33 

PE: HPMC L 5 (1: 4) 98.44±2.28 

PM (SE+HPMC L 5) 60.82±8.46 
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Figure12.2: Result of saturation solubility studies for pure extract, physical mixture, 

and prepared SDs. 

 

Figure 12.3: The results of saturation solubility study in 6.8 Phosphate buffer for 

pure extract and formulated SDs 

The observed saturation solubility of the pure extract was 27 µg/ml which gets categorized 

as “very slightly soluble” according to USP. Such extreme low solubility of pure extract is 

also due to its very sticky nature as it mostly remains sedimented at the bottom of the flask. 

Another possible reason is the high viscosity and lipophilicity of the pure extract which 

resists the diffusion of water towards the core. The highest saturation solubility (253.62 

µg/ml) was observed for PVP K 30 based solid dispersions (1:2 ratio) which were almost 
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10 times higher than the pure extract (Figure-12.2). The saturation solubility for 

HPMCAS-L based solid dispersion varied from (100 to 203 µg/ml) which was 

significantly better than the pure extract. Compared to HMPCAS-L and PVP K 30 the 

improvement in the saturation solubility from HPMC E 5 based solid dispersion was very 

less (between 100 - 95 µg/ml) because HPMC produces gel like structure which leads 

difficulty for realing of drug from its matrics at higher ratio of polymer. For all polymers in 

(1:0.5 ratio) solubility found lowest near to extract solubility. So this ration was not used 

for further study. The saturation solubility for all the physical mixture was more than the 

saturation solubility of pure extract but it was less than the saturation solubility of prepared 

formulations. One of the key advantages of using the amorphous solid dispersion technique 

for improving the dissolution properties of poorly phytoconstituents is that it not only 

improves the dissolution properties but also improves the saturation solubility as well. The 

improvement in the saturation solubility is explained by the Ostwald and Freundlich 

equation. This equation explains the improvement in saturation solubility of the material, 

once particle size reduces below 100 nm [6]. In the ASD, the drug is molecularly dispersed 

within the polymer matrix which renders the particle size at the molecular level, resulting 

in considerable improvement in the saturation solubility[7]. Another possible mechanism 

that helps in explaining the improvement in the saturation solubility is better wettability 

and solubility of water-soluble polymers (HPMC E-5, HPMCAS, and PVP K 30) used in 

this study. The polymer attached to the surface of the phytoconstituents improves 

wettability by improving the hydration and subsequently solubility[8]. Here it was also 

observed that as the proportion of the polymers increased from 1:1 to 1:2 the saturation 

solubility also increased. This was possibly due to the high amount of polymers lead to 

better wettability and hydration of the material as more polymer was available to get 

adsorbed on the surface of phytoconstituents. No significant improvement in the saturation 

solubility was observed upon further increasing the proportion of the polymers (1:4) 

because it may hinder release of drug from its matrics.  
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12.3.2.3 DSC study 

 

Figure 12.4: DSC thermogram of pure extract, physical mixture, and SD prepared 

with HPMC E-5 

 

Figure 12.5: DSC thermogram of pure extract, physical mixture, and SD prepared 

with HPMCAS-L 
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Figure 12.6: DSC thermogram of pure extract, physical mixture, and SD prepared 

with PVP K 30 

DSC thermogram of the pure extract displayed a sharp endothermic peak at around 180 °C. 

Apart from that several other endothermic and exothermic peaks were observed between 

115 °C to 210 °C. These peaks were possibly due to the presence of a variety of secondary 

metabolites in the extract. DSC thermograms of physical mixtures with all the polymers 

indicated that the phytoconstituents in the extract were still crystalline as short sharp 

endothermic peaks were visible. The SDs prepared with a 1:1 ratio with polymer HPMC 

AS-L and PVP K 30 were not able to convert the crystalline phytoconstituents into 

amorphous completely. Contrary to that, the solid dispersion prepared with HPMC E-5 

was completely amorphous as no sharp crystalline peak was observed in the thermogram 

(Figure-12.4). At 1:2 ratio also, some crystallinity was observed in solid dispersion 

prepared with HPMCAS-L and PVP K 30 whereas the solid dispersion prepared with 

HPMC E-5 was completely amorphous (Figure 12.5 and 12.6).  The DSC thermograms of 

all the solid dispersions prepared with various polymers at a 1:4 ratio were smooth and 

lacks any endothermic peak indicating the presence of any crystalline material which 

suggested that all the polymers were able to form stable SD with methanolic root extract at 

a 1:4 ratio. 
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12.3.2.4 FTIR study 

 

Figure 12.7: FTIR spectra of pure extract and SD prepared with HPMC AS L 

 

Figure 12.8 : FTIR spectra of pure extract and SD prepared with HPMC E5 
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Figure 12.9 : FTIR spectra of pure extract and SD prepared with PVP K 30 

 

The FTIR spectra of the pure extract displayed a broad peak at around 3400 & 3500 cm-1 

implying the presence of hydroxyl (-OH) group. A peek at around 2900 cm-1 confirmed the 

presence of -CH3 group. The presence of the carbonyl group was confirmed by the peak at 

around 1728 cm-1. The peak around 1400 cm-1 was possibly due to -OH banding. All the 

characteristics peaks observed in the FTIR spectra of the pure extract were maintained in 

the spectra of all the prepared solid dispersions, proving the stability of phytoconstituents 

within the formulation (Figure 12.7, 12.8 and 12.9). It also proved that the methods used to 

prepare the solid dispersion have not inflicted any adverse impact on the chemical integrity 

of the phytoconstituents.  
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12.3.2.5 PXRD study 

 

Figure 12.10 : PXRD thermogram of pure extract and SD prepared with HPMCAS-L 

                  

 

Figure 12.11: PXRD thermogram of pure extract and SD prepared with HPMC E-5 
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Figure 12.12: PXRD thermogram of pure extract and SD prepared with PVP K 30 

 

The result of PXRD study further confirmed the results obtained by DSC study. The 

diffractogram of the pure extract displayed a sharp peaks at around 15.12, 23.01 degree (2-

ϴ) proving the presence of crystalline phytoconstituents. (Figure 12.10, 12.11, and 12.12). 

The diffractogram of the prepared formulations did not display any sharp peak in ration of 

1:2 and 1:4 for all polymers. Results of PXRD looks like DSC studies , where 1: 1 ratio for 

all polymer shows some amount of crystallinity, due to some part may remain crystalline 

in prepared SDs. 

12.3.2.6 Improvement in physical properties  

One of the added advantages of using SD for improving the dissolution properties of 

poorly soluble material is that along with solubility and dissolution properties, it also leads 

to improvement in key physical properties such as flowability which is very essential for 

preparation oral dosage form at an industrial scale. As described in the previous section, 

the pure extract was sticky, adhesive, and semi-solid which was difficult to process to 

make a tablet or capsule. Compared to that the flowability of all the prepared formulations 

was in the excellent to good  (angle of repose between – 21 to 31) range which was a 

significant improvement as the pure extract was not flowable at all.  
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12.3.2.7 In-vitro dissolution study 

Table 12.3. Cumulative % drug release of PE and SD prepared with HPMC AS L  

Time 

(min) 

EXT 
EXT:HPMC 

AS-L 1:1 

EXT : 

HPMC AS-

L 1:2 

EXT : HPMC 

AS-L 1:4 
PM (1:4) 

5 0.00±0.00 0.00±0.46 0.00±0.09 0.00±0.00 0.00±0.02 

15 0.9±0.91 9.845±1.37 15.78±0.91 3.89±0.91 7.08±0.49 

30 5.46±3.65 41.32±4.56 67.77±3.65 23.04±2.28 7.51±2.4 

60 7.77±3.21 79.75±4.53 79.89±4.54 36.8±0.92 13.54±1.98 

90 11.89±2.76 89.18±0.9 87.04±1.37 37.86±2.29 19.58±3.93 

120 14.22±2.32 90.90±1.37 89.66±0.91 56.23±2.30 22.43±3.88 

180 16.1±1.42 90.80±1.83 90.47±2.28 73.77±2.31 24.29±3.03 

240 16.17±2.33 90.25±1.84 90.37±1.83 83.17±2.32 24.58±3.02 

300 18.51±0.98 90.60±1.85 89.36±3.20 80.77±2.33 23.79±2.66 

360 14.94±0.07 90.96±1.85 90.16±0.03 89.28±0.06 24.42±2.67 

420 11.36±0.07 92.96±0.04 99.63±0.03 94.19±2.34 24.91±1.75 
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Figure 12.13 : In-vitro dissolution studies of pure extract, physical mixture, and SD 

prepared with HPMCAS-L 
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Table 12.4. Cumulative % drug release of PE and SD prepared with HPMC E 5  

Time 

(min) 
EXT 

EXT:HPMC 

E 5 (1:1) 

EXT:HPMC 

E 5 (1:2) 

EXT:HPMC 

E 5 (1:4) 
PM (1:4) 

5 0.00±0.00 0.00±0.46 0.00±0.09 0.00±0.00 0.00±0.02 

15 0.9±0.91 9.13±2.57 10.67±4.41 8.32±2.03 6.25±0.13 

30 5.46±3.65 27.12±2.46 25.16±4.32 20.27±3.78 13.99±3.26 

60 7.77±3.21 54.3±3.55 51.39±4.36 31.72±1.02 18.38±3.27 

90 11.89±2.76 76.64±2.17 75.89±0.81 48.76±1.71 20.15±1.39 

120 14.22±2.32 79.09±0.46 76.5±0.28 55.39±2.57 21.11±0.01 

180 16.1±1.42 78.01±0.57 76.05±0.82 64.74±2.69 21.61±0.14 

240 16.17±2.33 78.21±1.10 76.78±0.82 66.61±0.23 22.03±0.37 

300 18.51±0.98 80.02±1.97 77.19±0.93 67.62±1.16 21.70±0.22 

360 14.94±0.07 79.25±1.12 76.85±0.72 70.78±1.7 21.25±0.00 

420 11.36±0.07 79.35±1.12 74.89±0.83 64.51±0.31 23.48±1.75 
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Figure 12.14: In-vitro dissolution studies of pure extract, physical mixture, and SD 

prepared with HPMC E-5 
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Table 12.5. Cumulative % drug release of PE and SD prepared with PVP K 30  

Time 

(min) 
EXT 

EXT:PVP 

K 30 (1:1) 

EXT:PVP K 

30 (1:2) 

EXT:PVP K 

30 (1:4) 
PM (1:4) 

5 0.00±0.00 0.00±0.46 0.00±0.09 0.00±0.00 0.00±0.02 

15 0.9±0.91 8.19±2.73 13.20±1.37 16.39±1.82 9.77±0.21 

30 5.46±3.65 31.91±4.57 56.07±1.36 63.83±4.56 18.70±0.31 

60 7.77±3.21 61.19±4.58 77.71±6.38 86.41±3.21 23.58±1.05 

90 11.89±2.76 69.64±9.16 95.33±1.85 95.41±1.86 30.74±1.23 

120 14.22±2.32 83.58±4.64 97.08±0.49 97.38±2.1 30.04±2.43 

180 16.1±1.42 84.83±2.84 98.37±1.4 97.95±1.83 29.28±3.06 

240 16.17±2.33 87.90±2.85 98.35±0.91 98.70±1.29 31.28±1.87 

300 18.51±0.98 89.15±1.95 99.20±0.54 100.14±0.39 31.73±2.51 

360 14.94±0.07 89.96±1.5 97.72±2.32 99.12±0.11 33.68±3.47 

420 11.36±0.07 87.13±1.69 97.64±1.88 98.10±1.61 29.26±4.16 
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Figure 12.15: In-vitro dissolution studies of pure extract, physical mixture, and SD 

prepared with PVP K 30 

The release of the phytoconstituents from the pure extract was around 6 % in 30 minutes 

compared to that the release from the solid dispersion prepared with PVP K 30 and 

HPMCAS- L was more than 30 % which was significantly better (f2<50). The low drug 

release for the HPMC E-5 based ASD was attributed to swelling followed by the formation 

of a viscous gel-like structure of polymer upon coming in contact with dissolution media. 

HPMC E-5 is a semi-synthetic cellulose derivative that is prepared by a substitution 

process to overcome the inherent water insolubility of the cellulose. The intermolecular 

hydrogen bonding between hydroxyl groups (-OH) of cellulose results in a highly 

crystalline, water-insoluble structure. The substitution of hydroxyl groups (-OH) by 

methyl/propyl group reduces the crystallinity and bestows its water solubility. However, 

the HPMC E-5 being a long-chain molecule does not get solubilized readily upon coming 

in contact with dissolution media but rather swells slowly to form a viscous gel-like 

structure. This gel-like structure retards the penetration of water towards the core resulting 

in the lower release of phytoconstituents[9,10]. HPMCAS is an enteric-coated cellulose 

derivative having pH-dependent solubility which relies on the degree of substitution of 
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acetyl and succinyl groups.  Various grades of HPMCAS are classified based on their 

acetyl (5–14 %) and succinyl (4–18 %) substitution which also results in varied pH-

dependent dissolution properties. The grade of HPMCAS used in this study - HPMCAS-L 

had the highest percentage of succinyl substitution (between 14-18%) among all the 

grades,  conferring it excellent water solubility at around pH-5.5 [13]. The rapid 

dissolution of HPMCAS-L in dissolution media lead to the rapid release of the 

phytoconstituents (more than 35 % within 30 minutes) (Figure 12.12). The excellent 

aqueous solubility of PVP K 30 (more than 10 % w/w in water) resulting in rapid release 

of the phytoconstituents (more than 40 percent) [14]. After 90 minutes the release from the 

pure extract was only 12 percent whereas it was more than 80 percent from the solid 

dispersion composed of HPMCAS-L and PVP K-30 which was significantly better 

(f2<50). In the same time duration, the release from the HPMC E-5 based solid dispersion 

with 1:1 and 1:2 were more than 54 % and 51 % respectively whereas from the solid 

dispersion with 1:4 ratio was only 31 percent. This was possibly due to an increase in the 

viscosity of the formed gel as the concentration of HPMC E-5 increased in the fixed 

weight formulation. 

The release of the phytoconstituents was more than 97% from the solid dispersion 

containing PVP K 30 with 1:2 and 1:4 ratio after 90 minutes (Figure 12.15). After 24 hours 

also the percentage of dissolved phytoconstituents remained above 90 percent only which 

proved that the solid dispersions prepared with PVP K 30 at 1:2 and 1:4 ratio were able to 

maintain the supersaturation level of dissolved phytoconstituents.  

The release of the phytoconstituents from the HPMCAS-L based solid dispersion was 

more than 90 percent after 3 hours for 1:1 and 1:2 the prepared ratios which were 

maintained even after 24 hours. In 1:4 ration of HPMC AS L release is slow but at 24 hr it 

shows also 90 %,this may due to its hydrophobic nature as well as gel like structure effect 

durin dissolution. For the 1:1 ratio, the maximum release recorded from the HPMC E-5 

based solid dispersion was around 80 percent. Compared to that the release from the solid 

dispersion of 1:2 and 1:4 ratio was 78 % and 64 % respectively (Figure 12.14). The low 

drug release from the HPMC E-5 based solid dispersion was due formation of high viscous 

gel as described previous section. 

The significant improvement in the release of phytoconstituents from the SD compared to 

pure extract can be explained by Noyes–Whitney equation. According to this equation, the 

dissolution rate of the material is directly proportional to the effective surface area – the 
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area directly in contact with dissolution media. The pure extract is sticky and mostly 

remained as a large globule during the whole dissolution process thus offered a very 

limited effective surface area to be in contact with the dissolution medium which resulted 

in the very low release. During the preparation of SD, the pure extract gets molecularly 

dispersed within the polymer matrix. The prepared solid dispersion was non-sticky and in 

form of coarse particles which have significantly higher effective surface area compared to 

pure extract[11]. Another possible reason which explains the better dissolution profile for 

the SD is the conversion of the crystalline/semi-crystalline phytoconstituents to an 

amorphous or molecularly dispersed state. The amorphous form of the material inherently 

possesses high volume, enthalpy, and free energy which results in better dissolution 

properties compared to their crystalline counterparts. In the second possible scenario where 

the material is considered to be molecularly dispersed within the polymer matrix, the 

material directly gets released at the molecularly level only during the dissolution process, 

leading to improved dissolution properties[12].  
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12.3.2.7 In vitro Antioxidant activity 

12.3.2.7.1 DPPH based method  

 

 

Figure 12.16 : Result of antioxidant activity of prepared SDs and pure extract (% 

DPPH radical scavenging activity) 

 

Figure 12.17 : Result of DPPH based antioxidant activity for prepared SDs and pure 

extract 

The antioxidant was measured using the reaction between stable free radical DPPH and the 

dissolved phytoconstituents. The solution containing free radicals DPPH was purple. As 

the DPPH started to get converted to DPPH-H+ upon coming in contact with a solution of 

solid dispersion/pure extract, the purple color started to fade away. The results of the anti-

0

10

20
30

40

50

60

70

80

S
o
lu

b
il

it
y
 (

µ
g
/m

l)

In vitro Anti-Oxidant activity (DPPH method)



Chapter: 12 Formulation development and standardization of Shatavari Root extract 

261 

 

oxidant study indicated a significant increase (p < 0.05) in DPPH radical scavenging 

activity for all the prepared SDs compared to pure extract (Figure 12.15 and 12.16).  
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12.3.2.7.2 ABTS based method 

 

 

Figure 12.18: Result of antioxidant activity of prepared SDs and pure extract (% 

ABTS radical scavenging activity) 

 

Figure 12.19: Result of ABTS based antioxidant activity for prepared SDs and pure 

extract 

The results of the anti-oxidant study by using ABTS methods also indicated a significant 

increase (p < 0.05) in antioxidant activity of all the prepared SDs compared to pure extract 

(p < 0.05) (Figure 12.17 and 12.18)).  

Among all the prepared SDs the highest radical scavenging activity was observed for PVP 

K-30 based SD at 1:4 followed by 1:2 and 1:1 ratio. PVP K-30 based SDs have displayed 
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the highest improvement in the saturation solubility and dissolution properties among all 

the prepared SDs. As the solubility of the phytoconstituents increases, the number of 

molecules available for scavenging activity also increases, resulting in significantly better 

anti-oxidant activity for prepared SDs. All the PM also displayed superior anti-oxidant 

activity compared to pure extract. The presence of the polymer improves the solubility of 

the pure extract (based on the results obtained in in-vitro dissolution studies and saturation 

solubility), resulting in the better anti-oxidant activity of PM than the pure extract. [13]. 

The results of an antioxidant study proved that the prepared SDs have better scavenging 

activity in terms of donating hydrogen to free DPPH- and donating a free electron to 

ABTS+ compared to pure extract [14]. 

12.3.2.8 Stability study 

The DSC studies after 6 months of stability period indicated all the formulations that were 

initially able to form a completely amorphous system were also able to preserve the 

phytoconstituents in their amorphous form, which proves the stability of the formed 

formulations and the drug content in the SDs were found in range of 98-102 %w/w. 

 

Figure: 12.20: DSC thermogram of pure extract, and SD prepared with PVP K 30 (6 

month stability compare with 0 month) 
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Figure: 12.21: DSC thermogram of pure extract, and SD prepared with HPMC AS 

L(6 month stability compare with 0 month) 

 

Figure: 12.22: DSC thermogram of pure extract, and SD prepared with HPMC E5 (6 

month stability compare with 0 month) 
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12.4. Conclusion 

The SD of the A. racemosus methanolic root powder extract was successfully prepared and 

evaluated for improving the in vitro dissolution properties. The result of the saturation 

solubility study proved significant improvement in the solubility of phytoconstituent 

compared to pure extract. Among all the screened polymers,  PVP K-30 ( for all ratio) and 

HPMCAS-L(1:1 and 1:2) were able to release more than 90 % phytoconstituent within 3 

hours which was significantly better than pure drug extract. The result of stability studies 

indicated the prepared solid dispersion was able to stabilize the amorphous form of 

phytoconstituents for 6 months at 25 ⁰C/60 ± 5 RH. The results of in vitro antioxidant 

activity examined using DPPH and ABTS assay methods proved significant improvement 

in radical scavenging activity of prepare SDs compared to pure extract. 
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