




List of Figures 

xi | P a g e  

LIST OF FIGURES 

SL. NO DESCRIPTION PAGE NO 
 Chapter 1. Introduction  
Figure 1.1 Examples of secondary metabolites produced by 

medicinal plants and their chemical structures 
4 

 Chapter 2. Literature review on Himalayan region and 
Selected plants 

 

Figure 2.1 A. racemosus Willd (a) plant and (b) plant with 
flower and fruits 

18 

Figure 2.2 Different Aerial Parts of A. racemosus Willd 20 
Figure 2.3 Flowers and leaf of Duabanga grandiflora 25 
 Chapter 3. Pharmacognostic Evaluation of Asparagus 

racemosus Willd and Duabanga grandiflora 
 

Figure 3.1. Collection and processing of plant materials for 
pharmacognostic evaluation 

33 

Figure 3.2. Preparation for Powder microscopy 35 
Figure3.3. Soxhlet extraction from Powder drug of A. racemosus 35 
Figure 3.4. Schematic representation of maceration extraction 

procedure of D.    grandiflora 
36 

Figure 3.5. Fluorescence Analysis of powdered drug from A. 
racemosus 

37 

Figure3.6. Different Aerial Parts of A. racemosus Willd 38 
Figure 3.7. Transverse section of Leaves A. racemosus 39 
Figure 3.8. Transverse section of Epidermis of the phyllodade 

showing   sunken stoma and stomatal ledges 
39 

Figure 3.9. Transverse sections of the stem A. racemosus 40 
Figure 3.10. Stained T.S of stem A. racemosus 40 
Figure 3.11. Powder microscopy of aerial part of A. racemosus 41 
Figure 3.12. D.grandiflora Leaves and Flower 43 
Figure 3.13. T.S of Leaves of (D. grandiflora), under microscopy 45 
Figure 3.14. T.S of Leaves of (D. grandiflora), under microscopy 45 
Figure 3.15. Powder microscopy of Leaves of (D. grandiflora) 46 
Figure 3.16. Powder microscopy of Leaves of (D. grandiflora), With 

staining 
46 



List of Figures 

xii | P a g e  

SL. NO DESCRIPTION PAGE NO 
 Chapter 5.  Phytochemical profiling through analytical 

techniques 
 

Figure 5.1. Image of HPTLC 65 
Figure 5.2. HPTLC fingerprinting of different extracts of A. 

racemosus 
74 

Figure 5.3. Comparative attenuated total reflectance–Fourier 
transform infrared spectroscopy spectroscopy analysis of 

the four compounds 

75 

Figure 5.4. (a–d) HPTLC chromatogram of (a) myricetin (MR), (b) 
quercetin (QR), (c) p-coumaric acid (p-CA) and (d) 

caffeic acid (CA) 

77 

Figure 5.5. HPTLC fingerprints of A. racemosus Willd. aerial part n-
hexane extract (A), chloroform extract (B), ethyl acetate 

extract (C), and methanolic extract (D 

81 

Figure 5.6. Comparative ATR-FTIR spectroscopy analysis of 
stigmasterol and the sample 1 

84 

Figure 5.7. Chemical structure of stigmasterol and 1H- and 13C-NMR 
spectra obtained from standard stigmasterol and 

isolated compounds from sample 1 (n-H), sample 3 
(EA) and sample 4 (ME) at hRF = 72 

85 

Figure 5.8 a) HPTLC fingerprints of Duabanga grandiflora crude 
leaf and flower extracts 

86 

 Chapter 6.  In vitro anti-oxidant activity  
Figure 6.1. Total phenolic content of different A. racemosus 

crude extract 
131 

Figure 6.2. TPC of different Duabanga grandiflora crude leaf and 
flower extracts 

131 

Figure 6.3. Total flavonoid content of different A. racemosus crude 
extract 

132 

Figure 6.4. TFC of different Duabanga grandiflora crude leaf and 
flower extracts 

133 

Figure 6.5. Percentage inhibition of DPPH radical of different 
Asparagus racemosus crude extract and standard 

134 

Figure 6.6. DPPH assay of different D. grandiflora crude leaf and 
flower extracts and standard. 

135 

Figure 6.7. Reducing power assay of different extracts of A. 
racemosus aerial part and standard 

136 



List of Figures 

xiii | P a g e  

SL. NO DESCRIPTION PAGE NO 
Figure 6.8. Reducing power assay of different D. grandiflora crude 

leaf and flower extracts and standard. 
137 

Figure 6.9. Metal chelating assay of different extracts of A. racemosus 
willd’s aerial part and standard 

138 

Figure 6.10. Metal chelating of different D. grandiflora crude leaf and 
flower extracts and standard. 

139 

 Chapter 7. Study of in vitro anti-diabetic activity  
Figure 7.1. α-amylase inhibitory effect of different A. racemosus 

crude extract and standard 
146 

Figure 7.2. α-Amylase assay of different Duabanga grandiflora 
crude leaf and flower extracts 

147 

Figure 7.3. α-Glucosidase assay of methanolic extract of aerial part of  
A.racemosus and standard. 

148 

Figure 7.4. α-Glucosidase assay of methanolic extract of aerial part of 
D. grandiflora (DG) and standard. 

149 

 Chapter 8. In vitro anti-inflammatory study  
Figure 8.1. Anti-inflammatory assay of different Asparagus 

racemosus willd crude aerial extracts and standard 
157 

Figure 8.2. Anti-inflammatory assay of different Duabanga 
grandiflora crude leaf and flower extracts and standard. 

158 

 Chapter 9. In vitro antimicrobial activity study  
Figure 9.1. Antimicrobial activity of methanolic extract of 

A.racemosus. 
166 

Figure 9.2. Antimicrobial activity of methanolic extract of D. 
grandiflora Leaves 

167 

 Chapter 10. In vitro cytotoxic activity study  
Figure 10.1. In vitro cytotoxicity Assay Plate 178 
 Chapter 11. In vivo Antidiabetic activity of Asparagus 

racemosus willd and Duabnaga grandiflora 
 

Figure 11.1. Oral glucose tolerance test (A) Treated by methanolic 
extracts of Aerial parts of Asparagus racemosus  (B) 

193-194 

Figure 11.2. Fasting blood sugar level (A) Treated by methanolic 
extracts of Aerial parts of Asparagus racemosus and 

Duabanga grandiflora Treated by methanolic extracts of 
Leaves from Duabanga grandiflora in normal rats 

195 



List of Figures 

xiv | P a g e  

SL. NO DESCRIPTION PAGE NO 
Figure 11.3. Histopathology of Liver 199 
Figure 11.4. Histopathology of Kidney 200 
Figure 11.5. Histopathology of Heart 201 
 Chapter 13. Green Synthesis of Silver Nano particles 

from Asparagus racemosus Willd 
 

Figure 13.1. Top-down and Bottom-up synthesis of nanoparticles 226 
Figure 13.2. Silver nitrate solution (A), A. racemosus aerial extract (B), 

formation of AgNPs by adding AgNO3 to A. racemosus 
aerial extract (C) 

231 

Figure 13.3. UV–VIS spectra of A. racemosus’s aerial extract and 
AgNPs-AR 

237 

Figure 13.4. FTIR spectroscopy analysis of AgNPs-AR and extract of 
A. racemosus aerial extract 

238 

Figure 13.5. Characterization of AgNPs synthesized by A. racemosus 
aerial extract XRD pattern 

239 

Figure 13.6. Zetasizer measurement (A), and zeta potential (B) of 
AgNPs synthesized using extract of A. racemosus aerial 

extract 

240 

Figure 13.7. SEM images of AgNPs-AR (A), EDS spectrum of AgNPs 
(B) 

241 

Figure 13.8. TEM image of AgNPs-AR 241 
Figure 13.9 (A) DPPH assay of AgNPs-AR 242 
Figure 13. 9 (B) FRAP Assay of AgNPs-AR 243 
Figure 13.9 (C) α-amylase inhibitory activity of standards and AgNPs-AR. 244 
Figure 13.10. Figure 13.10 Plates of antimicrobial activity of AgNPs-

AR against (A) gram-positive bacteria S. aureus and (B) 
gram-negative bacteria E. Coli. 

246 

 Chapter 14. Formulation of silver nanoparticles using 
Duabanga grandiflora leaf extract and evaluation 

of their versatile therapeutic applications 

 

Figure 14.1 A Silver nitrate solution 261 
Figure 14.1 B D. grandiflora leaf extract 261 
Figure 14.1 C Formation of AgNPs by adding AgNO3 to D. grandiflora 

leaf extract 
261 

Figure 14.1 D UV–Vis spectra of D. grandiflora leaf extract and AgNPs 
synthesized using D. grandiflora leaf extract 

261 



List of Figures 

xv | P a g e  

SL. NO DESCRIPTION PAGE NO 
Figure 14.1 FTIR spectroscopy analysis of AgNPs and extract of D. 

grandiflora leaf extract 
262 

Figure 14.3 XRD pattern of AgNPs synthesized using D. grandiflora 
leaf extract 

263 

Figure 14.4 A Zetasizer measurement of the average particle size of 
AgNPs synthesized using D. grandiflora leaf extract 

264 

Figure 14.4 B Zeta potential of AgNPs synthesized using D. grandiflora 
leaf extract 

264 

Figure 14.5 A Characterization of AgNPs synthesized by D. grandiflora 
leaf extract by SEM image 

264 

Figure 14.5 B Characterization of AgNPs synthesized by D. grandiflora 
leaf by EDX spectrum 

264 

Figure 14.6 Characterization of AgNPs synthesized by D. grandiflora 
leaf extract by TEM image 

265 

Figure 14.7 DPPH free radical scavenging activity of standards and 
AgNPs synthesized using D. grandiflora leaf extract 

266 

Figure 14.8 α-amylase inhibitory activity of standards and D. 
grandiflora leaf extract mediated AgNPs 

266 

Figure 14.9 Antimicrobial activity of D. grandiflora leaf extracts 
derived AgNPs against Gram-positive bacteria S. aureus 

268 

 

 



List of Tables 

xvi | P a g e  

LIST OF TABLES 

SL. NO DESCRIPTION PAGE NO 
 Chapter 1. Introduction  

Table 1.1. List of medicinal plants based on secondary metabolites 5 
Table 1.2. List of medicinal plants from Darjeeling Himalayan region and 

their ethnomedicinal uses 
6-8 

 Chapter 2. Literature review on Himalayan region and 
Selected plants 

 

Table 2.1. Morphological description of aerial part of A. racemosus Willd 20 
Table 2.2. List of phytochemicals from A. racemosus Willd 21-22 
Table 2.3. Morphological description of all parts of Duabanga grandiflora 26 

 Chapter 3. Pharmacognostic Evaluation of Asparagus 
racemosus Willd and Duabanga grandiflora 

 

Table 3.1. Organoleptic features of aerial part of A. racemosus Willd 38 
Table 3.2. Extractive value of A. racemosus 41 
Table 3.3. Ash values and evaluation of moisture content of A. racemosus 42 
Table 3.4. Fluorescence analysis of crude powder of A. racemosus 42-43 
Table 3.5. Organoleptic features of the D. grandiflora 44 
Table 3.6. Extractive Value of D. grandiflora 47 
Table 3.7. Ash Values and Moisture constant of D. grandiflora 47 
Table 3.8. Fluorescence analysis for Leave Parts of D. grandiflora 48-49 
Table 3.9. Fluorescence analysis for Flower Parts of D. grandiflora 49 

 Chapter 4. Phytochemical investigation of Asparagus 
racemosus Willd and Duabanga grandiflora 

 

Table 4.1. Preliminary phytochemical test of Asparagus racemosus Willd’s 
aerial part 

58 

Table 4.2. Preliminary phytochemical test of D. grandiflora Leaves and 
Flowering part 

59 

 Chapter 5.  Phytochemical profiling through analytical 
techniques 

 

Table 5.1. Regression Data 78 
Table 5.2. Recovery of myricetin, quercetin, p-coumaric acid, and caffeic 

acid from A. racemosus 
78 

Table 5.3. Method accuracy in terms of relative standard deviations 
(RSD)for replicate measurements(n=3) at different levels. 

79 



List of Tables 

xvii | P a g e  

SL. NO DESCRIPTION PAGE NO 
Table 5.4. Quantitation results expressed as average concentration of the 

different compounds (µg/g) of dry weight of different A. 
racemosus extracts 

79 

Table 5.5. Anti-oxidant activity and α-amylase inhibition in A.racemosus 
extracts 

82 

Table 5.6. Calibration curve and Method Validation 87 
Table 5.7. Anti-oxidant activity in different extracts 87 
Table 5.8. GCMS analysis of methanolic extract of A. racemosus aerial part 89-94 
Table 5.9. GCMS analysis of methanolic extract of of the D. grandiflora 

leaves 
95-100 

Table 5.10. GCMS analysis of methanolicc extract of D. grandiflora 
flowering parts 

101-104 

Table 5.11. Detailed of Phyto-chemicals discovered in the LC-MS 
Chromatogram 

105-109 

 Chapter 9. In vitro anti-microbial activity study  
Table 9.1. Results of preliminary antimicrobial activity of the various 

extracts of A. racemosus aerial parts 
166 

Table 9.2. Results of preliminary antimicrobial activity of the various 
extracts of D. grandiflora Leaves extracts 

166 

Table 9.3. Determination of MIC and MBC of methanolic extract of A. 
racemosus aerial part 

168 

Table 9.4. Determination of MIC and MBC of methanolic extract of D. 
grandiflora leaves 

168 

 Chapter 10. In vitro cytotoxic activity study  
Table 10.1. Cytotoxicity activity of different extracts of A. racemosus aerial 

part 
178 

Table 10.2. Cytotoxicity activity of different extracts of D. grandiflora 
Leaves and flower 

179 

 Chapter 11. In vivo Antidiabetic activity of Asparagus 
racemosus willd and Duabnaga grandiflora 

 

Table 11.1. Lists some of the type 2 diabetes models that are most frequently 
utilised 

185 

Table 11.2. List of Medicinal plants with anti-diabetic properties 186-187 
Table 11.3. Changes in the body weight (g) of rats in the five groups during 

the experimental period of 21 days 
196 

Table 11.4. Changes in the body weight (g) of rats in the five groups during 
the experimental period of 21 days 

196 



List of Tables 

xviii | P a g e  

SL. NO DESCRIPTION PAGE NO 
Table 11.5. Biochemical parameters of methanolic extract of aerial parts 

from A. racemosus 
197 

Table 11.6. Biochemical parameters of methanolic extracts of Leaves from 
D. grandiflora 

197 

Table 11.7. Effect of methanolic extract of aerial parts from A. racemosus on 
MDA level, GSH level, and CAT activity in the liver of 

experimental diabetic rats 

198 

Table 11.8. Effect of methanolic extracts of D. grandiflora Leaves from on 
MDA level, GSH level, and CAT activity in the liver of 

experimental diabetic rats 

198 

 Chapter 12. Study of Anti-Inflammatory activity of 
Methanolic extracts from Asparagus racemosus Willd’s 

aerial part and Duabanga grandiflora’s leaves 

 

Table 12.1. List of plants having anti-inflammatory potential 214-215 
Table 12.2. Effect of methanolic extract of A. racemosus aerial part on 

carrageenan-induced paw edema in rats in mL 
220 

Table 12.3. Effect of methanolic extract of D. grandiflora’s leaves on 
carrageenan-induced paw edema in rats in mL 

220 

 Chapter 13. Green Synthesis of Silver Nano particles from 
Asparagus racemosus Willd 

 

Table 13.1. Surface zeta potential values and particle size distribution of 
AgNPs-AR 

240 

Table 13.2. Cytotoxicity activity of AgNPs-AR 245 
Table 13.3. Zone of inhibition (mm) of AgNPs-AR against different tested 

microorganisms 
246 

Table 13.4. MIC and MBC of AgNPs-AR against tested microorganisms 246 
 Chapter 14. Formulation of silver nanoparticles using 

Duabanga grandiflora leaf extract and evaluation of their 
versatile therapeutic applications 

 

Table 14.1. Surface zeta potential values and particle size distribution of 
AgNPs 

264 

Table 14.2. Percentage of cytotoxicity of AgNPs of D. grandiflora leaf 
extract at different concentrations. 

267 

 



Acknowledgement 

xxiii | P a g e  

ACKNOWLEDGEMENT 

First and foremost, I am profoundly grateful to the Almighty for His countless blessings, 

grace, and guidance throughout this journey. Without His divine intervention, this 

accomplishment would not have been possible. 

I would like to express my deepest gratitude to my guide, Dr. Ranabir Sahu, for their 

unwavering support, invaluable guidance, and constant encouragement throughout my 

research. Their expertise, patience, and insightful feedback have been instrumental in 

shaping this work, and I am forever indebted to them. 

My sincere thanks extend to Dr. Gouranga Nandi, the Head of the Department, for their 

leadership and support during my time at the department. I am also grateful to University of 

North Bengal, and the Department of Pharmaceutical technology for providing me with 

the necessary resources, infrastructure, and a stimulating environment to carry out my 

research. 

I would also like to extend my appreciation to the members of the Dept of Biotechnology, 

Dept of Bio informatics, Dept of Food technology, dept of Zoology, Dept. of Chemistry 

and Dept of Botany whose collaborations, assistance, and expertise played a significant 

role in the success of my research. 

A special thanks to my friends and fellow researchers Anglia Theengh, whose 

companionship has been a source of strength and motivation. To my juniors (Sushilita 

Pradhan, Tahid Alam, Pooja Luitel, Simran Giri, Suraj Mistri, Subhajit Mondal, 

Latifur Rahaman, Apurba Roy, Ayon Saha, Sudipta Pradhan) thank you for your 

assistance and for keeping the spirit of collaboration alive. I would also like to acknowledge 

my lab mates Tania Baishya and Gouhar Jahan Ashraf who have made countless hours in 

the lab more enjoyable and productive. Your camaraderie and insightful discussions were 

invaluable. My heartfelt thanks and gratitude to Ankrita Thapa for your support, the fun 

travels, and all the wonderful memories we created together. Your companionship made this 

journey more enjoyable, and your encouragement was a constant source of strength for me. 

 





xxv | P a g e  

 
 
 
 

 

 

 

 

DEDICATED 

 
TO MY RESPECTED PARENTS  

AND  

NEPHEW 

 
 



Preface 

xxvi | P a g e  

PREFACE 

The continuous search for bioactive compounds from natural sources has led to the 

exploration of medicinal plants with potential therapeutic applications. Among these, 

Asparagus racemosus willd (A. racemosus) and Duabanga grandiflora (D. grandiflora) are 

recognized for their traditional medicinal uses. This thesis focuses on the comprehensive 

screening of phytochemicals from these two plant’s different parts (Aerial part of 

A.racemosus and Leaves and flowers of D.grandiflora) and investigates their biological 

activities. 

The study begins with the extraction of phytochemicals from aerial part of A.racemosus and 

leaves and flowers of D.grandiflora, followed by detailed chemical profiling using advanced 

analytical techniques such as High-Performance Thin-Layer Chromatography (HPTLC), 

Liquid Chromatography-Mass Spectrometry (LC-MS), and Gas Chromatography-Mass 

Spectrometry (GC-MS). These methods allow for the identification and characterization of 

bioactive compounds, providing valuable insights into their chemical compositions. GC-MS 

and LC-MS identified bioactive compounds were found to have antioxidant, antidiabetic, 

anti-inflammatory, antimicrobial etc. activities which supported our findings. Various 

phenolic acids (Caffiec acid, myricetin, para-coumaric acid and gallic acid), two flavonoids 

(quercetin and naringenin) and steroid (stigmasterol) were identified and quantified by 

HPTLC analysis.  

Subsequent sections of this thesis are dedicated to in vitro studies, where the antioxidant, 

anti-inflammatory, antimicrobial, and cytotoxic properties of the plant extracts were 

evaluated. These bioassays form the foundation for understanding the therapeutic potential 

of the isolated phytochemicals. The methanolic extracts from both plant parts demonstrated 

significant antioxidant, anti-inflammatory, antimicrobial, and cytotoxic properties, 

suggesting their potential for future drug development. 

The research also extended to in vivo studies, with a focus on evaluating the anti-diabetic 

and anti-inflammatory activities of the extracts. These studies provided critical data on the 

efficacy of the extracts in biological systems. Notably, the research offers new insights into 

the liver-protective properties of the methanolic extracts prepared from the aerial parts of A. 
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racemosus and the leaves of D. grandiflora in STZ-Nicotinamide-induced diabetic rats. 

Both short- and long-term tests showed a significant rise in blood glucose levels in the 

diabetic control groups compared to normal, extract-treated, and conventional drug-treated 

groups. The methanolic extracts (ARME and DGME) exhibited beneficial effects by 

reducing oxidative stress, as evidenced by lower catalase (CAT), glutathione (GSH), and 

malondialdehyde (MDA) activities in the liver of diabetic rats. These extracts also protected 

the liver from damage caused by free radicals and restored antioxidant levels to normal. In 

addition, the extracts significantly reduced paw inflammation within the stipulated time 

frame. 

Furthermore, this research explores the green synthesis of nanoparticles using these plant 

extracts, showcasing an eco-friendly approach to nanotechnology with potential applications 

in medicine and other fields. 

The findings of this research contribute to the growing body of knowledge on medicinal 

plants and their applications in modern therapeutic practices. By integrating traditional 

medicine with modern scientific methodologies, this study opens new possibilities for the 

development of novel drugs with minimal side effects. It is my hope that this work will 

inspire further research in the fields of natural product chemistry and pharmacology. 

This thesis is the result of dedicated efforts, and I extend my deepest gratitude to all those 

who have supported and guided me throughout this academic journey. 
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