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1. Title of the thesis 

Formulation Development and Standardization Of Solid Dispersion Of 

Ashwagandha, Punarnava And Shatavari Root Extract As Rejuvenating Herbs. 

2. Abstract 

The use of traditional medicines increasing day by day because of its higher 

acceptability and lower side effects. Herbal medicines have poor aqueous solubility 

limited poor dissolution. Moreover, despite their potential efficacy, lack of 

standardization and poor apparent quality are also critical point in herbal medicines. 

„Rejuvenator‟ like ashwagandha, punarnava, shatavari were selected for research work 

and it promotes the quality of all body tissues. The present investigation was aimed to 

prepare standardize extract of root powder of selected herbs and solid dispersion to 

improve its dissolution properties. Water-soluble polymers such as HPMCAS, HPMC E-

5, PVP K-30, Soluplus were used to prepare solid dispersion by using solvent 

evaporation methods. The pure extract and the polymers with various ratios were 

dissolved in a suitable solvent which was subsequently removed by using a rotary 

vacuum evaporator. The results of DSC and PXRD studies indicated complete 

conversion of semi-crystalline phytoconstituents of extract to amorphous or molecularly 

dispersed form within polymeric matrix with 1:4 polymer ratio. The results of FTIR 

studies proved the stability of phytoconstituents within the polymer matrix as there was 

no change in any characteristic peaks of pure extract. The result of in-vitro dissolution 

studies indicated significant improvement in the release of phytoconstituents from all the 

prepared bathes compared to pure extract and physical mixture (f2<50). The stability 

studies indicated that all formulations with 1:4 ratio (pure extract: polymer) were able to 

maintain the amorphous nature of phytoconstituents within the polymer matrix for 6 

months at 25 ⁰C/60 ± 5 RH. 

3. Brief description on the state of the art of the research topic 

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

believe on traditional medicine for their primary healthcare needs. Natural products have 

been an integral part of the ancient traditional medicine systems, e.g. Chinese, 

Ayurvedic, and Egyptian. (1) 



 
 

 

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

under which rejuvenating drugs have been described.(2) These rejuvenating herbs like 

ashwagandha, amala, punarnava, galo etc  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 organism and also mental 

or physical stress. 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.(3) 

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. (4)   Following are the various parameters that 

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

Nature of solvent, Solvent concentration, Polarity. 

Although, novel dosage forms of herbal medicines are slow owing to the complexity of 

the active phytoconstituents and its standardization. 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.(5) Herbal extracts show 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.(6) 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. (7) 

The term refers to the dispersion of one or more active ingredients in an inactive carrier 

or matrix at a solid phase prepared by the melting (fusion), solvent, or melting-solvent 

method.(8) The solid dispersion technique not only able to enhance the drug 



 
 

 

dispensability and the surface area but also change the drug in a high energy state like an 

amorphous, molecular, or colloidal crystal state that largely facilitates the drug 

dissolution. 

According to WHO (1996 a 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 the finished product, documentation of safety and risk based on 

experience, provision of product information to consumer and product promotion. (9) 

3.1 Research work done related to extraction & in vitro antioxidant test 

Ref. 

no. 

Title Description 

10 Comparison of ABTS, 

DPPH, and FRAP assay for 

estimating antioxidant 

activity from guava fruit 

extracts. 

FRAP technique showed high reproducibility, 

was simple, rapid as compare to other method.  

11 Phenols, flavonoids and 

antioxidant activity of under-

utilized legume seeds. 

C. gladiate extract contain highest amt of 

flavonoid and phenolic compounds, showed 

highest antioxidant activity.  

 

3.2 Research paper related to chromatographical method development 

Ref. 

no. 

Title Description 

12 Quantitative HPLC analysis of 

withanolides in Withania 

somnifera. 

 

Waters Alliance 2690 HPLC system,  

Detector: PDA 

Column: Synergi MAX-RP 80 A˚ column 

(150=4.6 mm, 4 mm particle size) Phenomenex 

M.P:  water (A) and a mixture of MeOH and 

reagent alcohol in the ratio of 1:1 (B), gradient 

elution: from 65 A/35 B in 25 min to 55 A/45 B. 

 Detection wavelength: 230 nm 



 
 

 

13 Anti-inflammatory potential 

of a lipid-based formulation 

of a rotenoid-rich fraction 

prepared from Boerhavia 

diffusa. 

Column: C18 Xbridge (4.6250 mm, 5.0 mm) 

(Waters, Milford, MA), 

MP: 0.1% acetic acid in water: methanol was 

used with a gradient elution 

 Detection Wavelength:273 nm 

 

3.3. Research Paper related to solid dispersion 

Ref. 

no. 

Title Description 

14 Enhanced dissolution rate and 

oral bioavailability of Ginkgo 

biloba extract by preparing solid 

dispersion via hot-melt extrusion. 

Method: Hot melt extrusion 

Excipient: Kollidon® VA64/Kolliphor® 

RH40 (85:15) spray dried powder 

Physical  Parameters: DSC, PXRD, FTIR 

15 Preparation and In Vitro 

Evaluation of Solid Dispersions 

of Total Flavones of Hippophae 

rhamnoides L. 

  Method: solvent evaporation 

  Excipient: poloxamer 188 

Physical parameters: FTIR, DSC, SEM, 

PXRD 

 

4. Definition of the Problem 

Herbal extracts show poor 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. Solid dispersion has 

significant advantages over conventional formulations of plant actives and extracts 

which include; solubility, as well as in vitro dissolution. So, the aim is to develop and 

standardize solid dispersion of Ashwagandha, Punarnava And Shatavari Root Extract as 

Rejuvenating Herbs 

5. Objective and Scope of work 

a. Collection of selected plants. 

b. Authentication of selected plants. 

c. Preparation of different extract based on the polarity of solvents 

d. To perform In vitro antioxidant study of extracts. 



 
 

 

e. To select active extract 

f. To develop UHPLC/HPLC method for the marker. 

g. To standardize active extract with a selected marker. 

h. To Develop solid dispersion formulation of active extract. 

i. To characterize developed solid dispersion by various 

physicochemical parameters as well as analytical techniques. 

j. To study in-vitro drug release profile of prepared formulation and 

compare with pure extract. 

k. To perform stability study for the appropriate time duration (6 months). 

6. Original contribution by the thesis 

The entire work in this synopsis, is the original work, with research papers 

publication/presentation and may provide evidence regarding the effect of solid 

dispersion on in vitro drug release of insoluble herbal extract. 

7. Methodology of Research 

MATERIAL AND METHOD 

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 was analytical grade 

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

(Sigma Aldrich). 

Collection and Identification of plant material 

The Root of selected herbs were collected from the local market and authentication was 

confirmed by NISCAIR/RHMD- Delhi, India, The dried root sample was powdered and 

store in the packed container under cooling conditions for further use. 

Preparation of plant extracts (common for all Three roots) 

Fine root powder of root (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% aqueous methanol (60% aq. 

methanol), 60% aqueous ethanol(60% aq. ethanol), and 60% aqueous acetone(60% aq. 



 
 

 

acetone) 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 further dried under 

lyophilization.  After the lyophilization, dried extract stored under 4˚C -10˚C in an 

airtight container for further use. 

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. 

UHPLC/HPLC method development of standards: 

Instrumentation: 

 Thermoscientific UHPLC system was used for liquid chromatography method 

development and validation (waltham,MA, USA), equipped with a quaternary pump, an 

rhenodyne manual sampler ( 5 µm), Chromeleon Software 6.80 was used for data 

processing and Evaluation. Chromatographical condition for Withanolide A 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) (Milford, USA), and the detector consisted of UV/VIS 

operated at 277 nm, MP : 2.8 pH phosphate buffer with ACN in gradient mode. 

Chromatographical condition for boerhavinone B Flow rate – 0.3 ml/min. Run time – 

6 min, Injection volume – 5 μl, Column - Waters C8 (100 mm X 2.1mm, 1.7 µm) MP: 

62:38 v/v (0.1 % acetic acid in water: ACN). Chromatographical condition for 

shatavarin IV: Flow rate –1ml/min. Run time – 20 min Injection volume – 20 μl 

Column - Sunfire C8 (100 mm X 2.1mm, 3.5 µm) MP: 62 (1% acetic acid): 38 ACN. 

The validation was carried out according to International Conference on Harmonization 

(ICH) guidelines for validation of analytical procedures (Q2 R2). 

Methos Of Preparation Of Solid Dispersion 

The Solid Dispersion 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, Soluplus 

and HPMC E-5 were dissolved in methanol whereas acetone was used to dissolve 

HPMCAS-L. The polymeric solution was mixed with the selected 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. 

Extract-Excipient Compatibility Study 

The potential physical and chemical interactions between drugs and excipients can affect 

the chemical, physical, therapeutical properties and stability of the dosage form. FTIR 

and DSC study were performed for checking of drug-excipient compatibility. 

7.3 Evaluation of solid dispersion 

 Saturation solubility 

 Assay 

 FTIR 

 DSC 

 PXRD 

 In-vitro Dissolution study (6.8 pH) 

 Accelerated stability study as per ICH Guidelines 

 Residual solvent by Gas – Chromatography 

 In-vitro antioxidant test 

8. Results of Ashwagandha solid dispersion 

Methanolic extract of ashwagandha shows highest in vitro antioxidant activity as 

compare to other extracts. Scanning and calibration curve was prepared in methanol in 

the range of 0.05-30μg/ml by UHPLC using UV/VIS detector showed λmax at 227 nm 

and regression equation was found to be y = 0.3119x + 0.0572 with regression co-

efficient 0.9962 for UV absorption spectrum of Withanolide A. Different polymeric 

matrics like PVP K-30, HPMC AS, Soluplus were selected by subjecting solid 

dispersion for measurement of their saturation solubility, FTIR and DSC study of drug, 

stabilizer and physical mixture indicated compatibility of ingredients. 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 80% 

phytoconstituent within 2 hours at 1:2 and 1:4 ratio which was significantly better than 

pure drug extract. Residual solvent methanol was observed 171.11 ppm which was less 

than 3000ppm described by ICH guidelines for class-2 solvent. The in-vitro dissolution 

rate of withanolide A was significantly increased as compared to pure extract by 

reducing the particle size. Stability study, according to ICH guideline (25°C ± 2°C and 

65%RH ± 5%RH) revealed that there is no significant physical and chemical change 

after 6 months evaluated by DSC, drug content, of the lyophilized formulation. 

9. Results of Punernava Solid dispersion  

Methanol extract of punernava shows highest in vitro antioxidant activity as compare to 

other extracts. Scanning and calibration curve was prepared in methanol in the range of 

0.01-30μg/ml by UHPLC using UV/VIS detector showed λmax at 273 nm and 

regression equation was found to be y = 0.5946x + 0.0001 with regression co-efficient 

0.999 for UV absorption spectrum of Boerhavinone B. PVP K-30, HPMC AS, HPMC 

E5 were selected as polymeric matrics for  measurement of their saturation solubility, 

FTIR and DSC study of drug, stabilizer and physical mixture indicated compatibility of 

ingredients. The in-vitro dissolution of Boerhavinone B was more than 75%w/w was 

obtained within hr for PVP K-30. Residual solvent methanol was observed 151.01ppm 

which was less than 3000ppm described by ICH guidelines for class-2 solvent. The in-

vitro dissolution rate of Boerhavinone B was significantly increased as compared to pure 

extract by reducing the particle size. Stability study, according to ICH guideline (25°C ± 

2°C and 65%RH ± 5%RH) revealed that there is no significant physical and chemical 

change after 6 months evaluated by DSC, drug content, of the lyophilized formulation. 

10. Results of shatavari solid dispersion 

Acetone extract of shtavari shows highest in vitro antioxidant activity as compare to 

other extracts. Scanning and calibration curve was prepared in methanol in the range of 

0.025-20μg/ml by HPLC using UV/VIS detector showed λmax at 203 nm and regression 

co-efficient 0.999 for UV absorption spectrum of shatavrin IV. Different matrics like 

PVP K-30, HPMC AS, HPMC E5 were selected by subjecting solid dispersion for 

measurement of their saturation solubility, FTIR and DSC study of drug, stabilizer and 



 
 

 

physical mixture indicated compatibility of ingredients. The in-vitro dissolution of 

shatavrin IV was 85%w/w was obtained within 2 hr. The in-vitro dissolution rate of 

shatavrin IV was significantly increased as compared to marketed formulation by 

reducing the particle size. Stability study, according to ICH guideline (25°C ± 2°C and 

65%RH ± 5%RH) revealed that there is no significant physical and chemical change 

after 6 months evaluated by DSC, drug content, of the lyophilized formulation. 

11. Achievements with respect to objectives 

 Selected herbs were widely used as rejuvenators and as nutraceuticals, so major 

problem was there with poor saturation solubility which was increased with solid 

dispersion. 

 Similarly, this extract shows dissolution as rate limiting step but here solid 

dispersion revealed maximum drug release obtained within 2 hr and indicating 

better performance compared to pure extract. 

 The optimized lyophilized product was physically and chemically stable up to 6 

months when tested according to ICH guidelines. 

12. Conclusion 

Solid dispersion was prepared successfully from selected herbs by using solvent 

evaporation technique and lyophilized. Analytical methods were developed for selected 

markers for the estimation of standards in formulations and dissolution media. 

Compatibility studies were carried out using FTIR and DSC studies and showed drug-

excipient compatibility. The formulations were evaluated by various parameters like 

saturation solubility study, in-vitro dissolution study, gas chromatography for the 

presence of a residual solvent, and PXRD. Lyophilized formulations were subjected to 

accelerated stability study according to ICH guidelines and found to be physically and 

chemically stable for 6 months. 

13. Paper Publication 

13.1 Paper Presented (Annexure-1) 

Paper entitled, „Evaluation of solvent extraction process for Asparagus racemosusroot 

extract through the determination of its phenolic content and antioxidant activity assay.' 

„at international conference on molecular structure & instrumental approaches organized 



 
 

 

by the Department of chemistry, school of science, RK University, Rajkot on 26th and 

27th November 2020. 

13.2 Paper Published (Annexure-2,3) 

Research article is accepted for publication in Pharmacogn J. (ISSN 0975-3575) entitled, 

„Determination of Polyphenolic content and Antioxidant Activity from Various Extracts 

of Boerhaavia diffusa Linn Root: An In Vitro Approach for Selection of Appropriate 

Extracting Solvent., 2020,12(6): 1578-1585 (Annexure-2) 

Research article is accepted for publication in research journal of pharmacy and 

technology (ISSN 0974-3618) entitled, „'Evaluation of solvent extraction process for 

Asparagus racemosusroot extract through the determination of its phenolic content and 

antioxidant activity assay. It Will published in 2021, Vol: 14, Issue: 10  (Annexure-3) 

13.3  Communicated 

Monika Bhalodiya, Jayant Chavda, Dhaval Mori. “Formulation and Evaluation Of 

Amorphous Solid Dispersion Boerhaavia diffusa Methanolic Root Extract For 

Improving Dissolution Properties” Communicated to Journal of Drug Delivery Science 

and Technology. Current status-review is in process 

13.4 Papers arising from thesis 

 

Sr. 

No. 

Probable Title Probable Journal 

1 Development and validation of UHPLC method for 

multi markers present in Aswagandha root extract and 

its marketed formulations  

Analytical chemistry 

letters 

2 Formulation and Evaluation of solid dispersion of 

ashwagandha root extrat for in vitro dissolution 

Enhancement. 

International Journal of 

Pharmaceutics 

3 Formulation, development and evaluation of solid 

dispersion for enhancement of in vitro dissolution  of 

shatavari root extract. 

Pharmaceutics 

4 A Robust UHPLC method for four markers in 

Punernava root: An application for marketed 

Journal of Liquid 

Chromatography & 



 
 

 

formulation Related Technologies 

 

14. Patents (if any) ------------- NA------------ 
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