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ABSTRACT
Background: Historical records indicate that medicinal plants and their components have 
been utilized for treating diverse conditions since antiquity. Asparagus racemosus, in particular, 
demonstrates a broad spectrum of therapeutic possibilities. Aim: This study aimed to pinpoint 
potential bioactive compounds found within the aqueous extract of Asparagus racemosus. 
Materials and Methods: Gas Chromatography employed to identify the presence of various 
molecules, while Mass Spectrometry and FTIR analysis validated their molecular structures. The 
molecule was subjected to thorough scrutiny for its potential as a drug candidate, its biological 
activity, and its predicted targets using in silico techniques. Results: The aqueous extract stands 
out as the richest reservoir of carbohydrates and steroidal alkaloids. The molecule Melezitose 
was found in the highest concentration (37.86%). The identified molecule is a carbohydrate in 
nature. The computational analysis revealed promising drug-like properties and therapeutic 
potential for the investigated molecule. Conclusion: It could serve as a viable therapeutic option 
for addressing multiple disorders.

Keywords: Asparagus racemosus, Aqueous extract, Chromatography, Mass Spectroscopy, In silico 
study, Target analysis.

INTRODUCTION

Many individuals exhibit reluctance towards the abundant 
synthetic and chemical medications available today, primarily 
due to their perceived adverse effects.[1] The traditional herbs 
gain popularity due minimal toxicity.[2] Although there are many 
effective modern synthetic medications available, individuals are 
choosing plant-based natural remedies.[3] This inclination arises 
from the diverse phytoconstituents present in various plant parts, 
which can treat and cure diseases.[4,5] The practice of using plants 
as medicine is deeply rooted in the Indian medical tradition, with 
evidence indicating its prevalence since ancient times.[6]

Medicinal plants provide more than a quarter of the active 
ingredients present in modern prescription medications.[7] 
Bioactive chemicals isolated from these plants have been 
associated with a range of pharmacological actions, including 
antioxidant, anti-cancer, anti-fungal, anti-bacterial, and 
anti-inflammatory properties.[8] Therefore, it's crucial to evaluate 
the potential of these bioactive compounds to comprehend their 
viability in treating different ailments.[9]

The basis of many highly efficient medications originates from 
the bioactive compounds extracted and identified from medicinal 
plants.[10] Understanding the chemical and pharmacological 
actions of these herbs relies heavily on chromatographic and 
spectrophotometric techniques.[11,12] The utilization of the 
hypernated techniques is a advanced tool for tracing biomolecule 
in herbal extracts.[13] This is why we have employed the same 
method in the analysis of Asparagus racemosus, commonly 
known as Shatavari, a therapeutic herb.
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Asparagus racemosus (Liliaceae family) is a lower attitude plant 
from Asian origin. The dried roots of this plant are utilized 
in medicine.[14] These roots are attributed with ulcer-healing 
properties, likely achieved by enhancing mucosal resistance or 
providing cytoprotection.[15] Additionally, recent studies indicate 
its effectiveness in reducing AIDS symptoms, as well as its historical 
use by Ayurvedic practitioners for treating neurological issues. It 
has been utilized for diverse applications, there is a scarcity of 
scientific evidence substantiating these assertions. Nonetheless, 
some research suggests the beneficial effects of A. racemosus 
root extracts, including galactagogue properties, antihepatotoxic 
effects, immunomodulatory effects, immunoadjuvant effects, 
antilithiatic effects, and teratogenicity.[16]

In recent times, the development of new drugs has increasingly 
leaned on computer-aided technologies. Identifying active 
molecules from phytochemicals in medicinal plants has become 
more streamlined.[17] In recent times, the development of new 
drugs has increasingly leaned on computer-aided technologies.[18] 
In silico study along with target prediction is a valuable tool for 
prediction of target and diseases identification techniques.[19]

The aquous extract derived from Asparagus racemosus underwent 
GC-MS analysis to identify its bioactive constituents. Following 
this, potential bioactive compounds were further examined 
utilizing computer-aided molecular analysis and in silico 
methodologies.

MATERIALS AND METHODS

Procurement of Plant Material
Fresh stems of Shatavari (Asparagus racemosus) were collaected 
from the Lingmpally village Ibrahimpatnam, Telangana. 
Authentication of the plant materials was carried out by the 
Department of Botany at Hyderabad University in Hyderabad.

Preparation of Extracts
The stems were air-dried under shaded conditions at a temperature 
of 38±5ºC. The dried material was ground into a coarse powder 
using electric grinder made of a Crompton TRET500 India. 
The powdered material was then moistened with aqueous and 
subjected to extraction using a Soxhlet apparatus. About 200 g 
of stem powder was placed inside a muslin cloth bag with a mesh 
size of 100. The stem powder was defatted with petroleum ether. 
The extraction process utilized 1 L of methanol and proceeded 
until a colorless liquid was achieved. The was recycled by a rotary 
flash evaporator under reduced pressure conditions at 75ºC and 
55 rpm (Aditya Scientific RE-3A rotary evaporator, Hyderabad, 
India). The dried residue kept in desiccator, and the percentage 
yield was calculated.[20]

Phyto-chemical examination
The extract was subjected to phytochemical testing by literature 
procedure.[21]

GC-MS analysis

The chromatographic study was performed using the Agilent 
7890A GC System coupled with the AccuTOF GCv/JMS-T100GCv 
from JEOL. 100 mg of extract was weighed and dissolved in 100 
mL of HPLC grade methanol. The resulting mixture was further 
diluted to a concentration of 30 µg/mL. The total runtime for 
the scanning was 60 min. The sample was injected into column 
(HP5 column: 30 m x 0.25 mm x 0.25 μm, helium carrier gas at 
1 mL/min, oven at 280ºC). The compounds isolated during the 
analysis were identified by comparing their mass spectra with 
NIST library database.[21]

In silico Study

The molecular and physicochemical properties, along with the 
toxicity profile, was calculated using the Osiris Data Warrior 
software and the Swiss ADME tool available at http://www.
swissadme.ch/index.php. Additionally, the absorption percentage 
(% Abs) was estimated using the method described by Zhao et al. 
(2002).

%Abs= 109 - (0.345 x TPSA)

Drug likeliness and Pharmacokinetic Potential

The drug likeliness and pharmacokinetic profile toxicity profile 
predicted using Swiss ADME (http://www.swissadme.ch/ 
index.php). The Bioavailability Score was determined using 
Molinspiration software version 2011.06 (www.molinspiration.
com). A bioactivity radar and boiled egg diagram of molecules 
was confirmed using Swiss ADME tool.[22]

Target Prediction

The therapeutic effectiveness of the identified molecules 
was predicted using Swiss target prediction (http://www.
swisstargetprediction.ch/).Top of Form The obtained results 
included target, target class, and probability, which were used 
to interpret the findings. The target with the highest probability 
was regarded as significant for the molecule under scrutiny. This 
procedure provided valuable insights into the identification of 
particular proteins and the therapeutic possibilities of the drug.[23]

RESULTS

The aim of this research was to pinpoint various nonpolar 
biomolecules present in the aqueous extract derived from 
Asparagus racemosus. Chromatographic analysis was used to 
identify the various types of molecules present in extract. Spectral 
analysis confirms the structures of the identified compounds. In 
silico study and target prediction confirmed the drug-likeliness 
behavior of the different compounds in extract. The chosen plant 
has been associated with numerous medicinal applications. This 
study focused on assessing the target potential of the plant extract, 
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aiming to discern its molecular identity for desired therapeutic 
potential.

Yield proportion and Plant compound examination

The aqueous extract exhibited a yield of 28.1%. Subsequent 
analysis unveiled the existence of alkaloids, flavonoids, steroids, 
phenolic compounds, terpenoids, and aliphatic compounds 
within the extract.

GC-MS analysis

The maximum percentage peak areas 37.86% were traced 
for compound 1. The retention time was found to be 4.81 
min respectively (Figure 1 and Table 1). The structure of the 
compounds was confirmed by mass spectroscopy (Figure 2). Ten 
compounds were identified in the aqueous extract (Figure 3).

FTIR analysis

Functional groups within various molecules were confirmed 
using FTIR analysis. FTIR peaks at (Cm-1): 3295 (OH, str); 3174 
(OH, str), 2685 (C=O, str, -COOH); 1627.70 (C=O, str); and 
indicated presence of molecule-9 (Figure 4).

Molecular Property

Factors such as molecular shape, flexibility, and complexity 
significantly impact the effectiveness of drug action and receptor 
binding. Generally, molecules with a spherical shape are thought 
to demonstrate improved absorption.[24] Additionally, increased 
flexibility and reduced molecular complexity are typically 
advantageous for efficient receptor binding.[25,26] These findings 
are summarized in Table 2. Specifically, compounds 1 and 10 
exhibit spherical shapes remaining molecules demonstrate 
linear shapes, and compounds 5, 6, 7, 8 and 10 display low 
flexibility. Additionally, all molecules exhibit increased molecular 
complexity.

Physicochemical properties

The physicochemical properties of molecules significantly 
influence their drug likeliness.[27,28] These findings are summarized 
in Table 3 and Figures 5 & 6. Molecules 2, 3, 5, 8 and 10 exhibit 
cLog p values of 0.06 - 3.28. Except for molecules 2, 3, 5, 7, 8 
and 9 all molecules possess more than 5 hydrogen acceptor 
sites. Additionally, all molecules have fewer than 10 hydrogen 
donor sites except 1. The molecules have a molar refractive index 
ranging from 40 to 130 except 4, 5, 7, 8 and 9. Similarly, Total 
Polar Surface Area (TPSA) values fall out of the range of 90-140 
for all molecules except molecule-4 and 6.

Figure 1:  Chromatographic profile of the aqueous extract from Asparagus racemosus obtained via GC.

Figure 2:  Mass spectrum of molecule-1 identified in the Aqueous extract Asparagus racemosus.
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Druglikeliness

Identified molecules followed the Lipinski rule except for 

molecules 9. Only molecules 2, 3 and 10 followed the Ghose rule. 

Similarly, except the molecules 6 and 9 other molecules followed 

Veber and Egan rules. Similarly, no molecules except 10 followed 

the Muegge rules. From the detailed analysis, it was found that 
only molecules 3, 6 and 10 follow drug-likeliness behavior 
positive drug-likeness values respectively.[29] The bioavailability 
score was determined to be 0.55 to 0.85 for all molecules except 
9 (0.17). These findings indicate that molecule-8 possesses 
favorable drug-like properties (Table 4).

Peak  
Number

Time  
[min]

Peak Width 
(FWH [min]

Area  
[Intens. * sec]

Percentage 
peak area

Height MW MF

1 4.81 0.13 236444458.3 37.86 16155316 504 C18H32O16
2 5.85 0.07 4860734.64 0.78 1168255 174 C8H14O4
3 6.03 0.1 8450585.11 1.35 1373473 169 C10H19N0
4 6.62 0.34 65258722.36 10.45 3336508 119 C3H5NO4
5 8.64 0.18 14170009.89 2.27 1146730 128 C6H8O3
6 9.21 0.17 19267075.25 3.09 1527256 296 C11H12N4O6
7 10.34 0.21 45640162.8 7.31 2733839 144 C6H8O4
8 12.65 0.22 107264684.6 17.18 6512426 126 C6H6O3
9 19.33 1.46 83794531.95 13.42 926581 90 C4H10O2
10 23.23 1.06 39314310.17 6.30 564698 489 C28H43NO6

aMolecular weight, bMolecular formula.

Table 1:  Gas Chromatography Analysis of Aqueous Extract from Asparagus racemosus (Shatavari).

Figure 3:  Molecular Structures Identified in the Aqueous extract of Asparagus racemosus.
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Bioactivity score and Toxicity profiles

The hierarchy of bioactivity for molecules with target receptors 
is as follows: EI> IC> GL> PI>NR>KI, as depicted in Table 5. 
Molecule 9 exhibited bioactivity scores greater than zero with 
various receptors and displayed a notable binding affinity for 
G-protein coupled receptors.[30] Molecules exhibited no toxic 
properties except molecule 8 (Table 6).

Pharmacokinetics profiles

The absorption of the active molecule occurs primarily through a 
diffusion process. When considering bimolecular substances, GI 
absorptivity and Human Intestinal Absorption (HIA) are crucial 
parameters.[31,32] The small intestine offers a greater area for drug 
absorption than the stomach does. Furthermore, the blood-brain 

barrier controls the passage of drug molecules into the central 
nervous system, thus averting cytotoxic effects.[33]

P-Glycoprotein (PGP) is pivotal in the process of drug excretion 
and distribution.[34] It acts as a deterrent to drug absorption in 
both oral bioavailability and the blood-brain barrier, curtailing 
drug buildup in the brain. Inhibiting PGP can result in drug 
interactions and heightened drug accumulation in the brain.[35] 
Cytochrome P450 (CYP) enzymes are vital for drug metabolism. 
If certain drugs inhibit these enzymes, it can decrease drug 
metabolism and other metabolic activities. Skin Permeability 
(KSP) is a critical factor for drugs intended for topical use.[36]

GI absorptivity is low for 6 and 9. BBB penetrability was observed 
for 3, 5 and 8. Higher Human Intestinal Absorption (HIA) 

Molecule Shape Index Molecular Flexibility Molecular Complexity
1 0.41 0.59 0.93
2 0.66 0.59 0.59
3 0.66 0.51 0.54
4 0.75 0.85 0.64
5 0.55 0 0.84
6 0.52 0.41 0.89
7 0.6 0.30 0.75
8 0.77 0.49 0.74
9 0.66 0.75 0.80
10 0.45 0.39 0.96

a: Molecular shape index (Spherical≤0.5≤Linear); b: Molecular Flexibility (Low≤0.5≤High); c: Molecular Complexity (Low≤0.5≤High).

Table 2:  Molecular properties of the compounds identified by GC-MS analysis.

Figure 4:  FTIR of molecule-1 identified in the Aqueous extract Asparagus racemosus.
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capacity was traced for 1, 2, 4, 6, 7, 9 and 10. No molecules 
exhibited the PGP efflux effect, whereas none of them showed any 
CYP inhibitory effect. Additionally, the findings indicate that the 
skin permeability of the molecules is within an acceptable range 
(Table 7 and Figure 4).

Prediction and analysis of molecular targets

Based on the bioactivity score, target prediction analysis was 
conducted for all the molecules with the results presented in 
Table 8 and correlated with the results obtained during GCMS 
and in silico studies. The analysis revealed that molecule 1 targets 
the Protein kinase C gamma receptor, suggesting its potential use 

as a diverse biological processes, many involving cell-survival 
pathways. Thus molecule 1 can be a significant biomolecule from 
satavari for the retention of cellular activity.[37]

DISCUSSION

The compound 1 was traced as Melazitose. The reported compound 
is a carbohydrate in nature. The structure of the compound was 
confirmed by characteristic FTIR peaks and Mass spectrum 
(m/z=504.13). The molecular properties of the compound 
showed spherical nature with low molecular flexibility and high 
molecular complexity. The molecular properties demonstrated 
good adsorption property but energy minimization required 

Molecule cLogP cLogS H-Acceptors H-Donors Total 
Surface 
Area

Relative 
PSA

MR Polar 
Surface 
Area

% abs Solubility

1 -5.88 0.20 14 11 328.32 0.53 107.98 250.22 22.67 Highly 
soluble

2 0.45 -1.36 4 1 136.4 0.34 42.4 55.76 89.76 Very soluble
3 1.30 -1.45 2 0 143.14 0.09 53.85 12.47 104.70 Very soluble
4 -1.38 -0.65 5 1 88.79 0.64 26.41 83.12 80.32 Very soluble
5 0.06 -1.43 3 1 94.04 0.38 31.22 46.53 92.95 Very soluble
6 -4.38 -0.22 10 4 197.59 0.57 81.17 144.05 59.30 Highly 

soluble
7 -0.77 -0.93 4 2 101.89 0.48 32.39 66.76 85.97 Very soluble
8 0.24 -1.53 3 1 102.6 0.39 30.22 50.44 91.60 Very soluble
9 -0.16 -0.73 2 2 75.72 0.35 23.67 40.46 95.04 Highly 

soluble
10 3.28 -4.45 7 0 358.44 0.20 136.32 82.14 80.66 Moderately 

soluble
Partition coefficient (P=[n-Octanol]/[Water]) (cLogP); b: Solubility in water (S=moles/liter at pH=7.5, 25ºC) (cLogS); c: Relative polar surface area (Relative PSA); d: 
Molar refractive index; e: Topological polar surface area (TPSA); f: Absorption percentage (%Abs).

Table 3:  Physical and chemical traits of the molecules detected via GC analysis.

Molecule Drug likeness Lipinski Ghose Veber Egan Muegge Bioavailability Score
1 -2.70 0 GR3 0 0 MR2 0.55
2 -6.03 0 0 0 0 MR1 0.85
3 0.67 0 0 0 0 MR1 0.55
4 -6.75 0 GR3 0 0 MR2 0.56
5 -0.89 0 GR3 0 0 MR1 0.85
6 0.39 0 GR1 VR1 ER1 MR1 0.55
7 -1.38 0 GR3 0 0 MR1 0.85
8 -2.03 0 GR3 0 0 MR1 0.55
9 -6.16 LR3 GR2 VR1 ER1 MR4 0.17
10 2.82 0 GR3 0 0 0 0.55

LR2: violations: MW>500, MLOGP>4.15, LR3: violations: MW>500, NorO>10, NHorOH>5, GR2: violations: MW>480, WLOGP<-0.4, GR3: violations: MW>480, 
MR>130, #atoms>70, GR4: violations: MW>480, WLOGP>5.6, MR>130, #atoms>70, VR1: violation: Rotors>10 and TPSA>140, ER1: violation: TPSA>131.6 and 
violation: WLOGP>5.88, MR1: violation: Heteroatoms<2, MR2: violations: XLOGP3>5, Rotors>15, MR3: No; 3 violations: MW>600, XLOGP3>5, Rotors>15, MR4: 
violations: XLOGP3<-2, TPSA>150, H-acc>10, H-don>5,

Table 4:  Drug likliness of the molecules identified by GC-MS analysis.
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Molecule GL IC KI NR PI EI
1 -3.67 -3.63 -3.69 -3.61 -3.63 -3.49
2 -0.34 -0.23 -1.01 -0.61 -0.54 0.3
3 -0.86 -0.61 -1.22 -1.65 -1.13 -0.69
4 -0.86 -0.61 -1.22 -1.65 -1.13 -0.69
5 -1.9 -1.43 -2.1 -1.7 -1.9 -0.99
6 0.03 0.28 -0.49 -0.82 -0.54 0.2
7 0.22 0.16 0.1 0.12 0.22 0.41
8 0.1 0.1 -0.38 0.35 0.09 0.23
9 0.01 0.04 -0.54 0.38 -0.15 0.53
10 -3.72 -3.81 -3.8 -3.81 -3.65 -3.75
11 0.1 -0.25 -0.07 -0.04 0.08 0.08

≥0: Good, 0-0.5: Moderate, ≤0.5: Poor, GL: GPCR ligand, IC: Ion channel modulator, KI: Kinase inhibitor, NR: Nuclear receptor ligand, PI: Protease inhibitor, EI: 
Enzyme inhibitor.

Table 5:  The bioactivity scores for the molecules pinpointed via GC-MS analysis.

Molecule Mutagenic Tumorigenic Reproductive Effective Irritant
1 - - - -
2 - - - -
3 - - - -
4 - - - -
5 - - - -
6 - - - -
7 - - - -
8 ++ ++ - ++
9 - - - -
10 - - - -

Table 6:  Assessment of the toxicity potential linked to the molecules identified through GC-MS analysis.

Molecule GI 
absorption

BBB 
permeant

Pgp 
substrate

CYP1A2 
inhibitor

CYP2C19 
inhibitor

CYP2C9 
inhibitor

CYP2D6 
inhibitor

CYP3A4 
inhibitor

log Kp 
(cm/s)

1 ++ - - - - - - - -7.5
2 ++ - - - - - - - -6.7
3 ++ ++ - - - - - - -6.25
4 ++ - - - - - - - -7.37
5 ++ ++ - - - - - - -6.6
6 + - - - - - - - -10.28
7 ++ - - - - - - - -7.44
8 ++ ++ - - - - - - -7.48
9 + - + - - - - - -12.99
10 ++ - - - - - - - -6.43

Table 7:  Pharmacokinetic capabilities of the molecules pinpointed through GC-MS analysis.
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Figure 5:  Bioactivity rader for molecules in aqueous extract of Asparagus racemosus.

Molecule Target Target Class Probability* Activity

1 Protein kinase C gamma 
(by homology)

Kinase 0.26 Diverse biological processes, many involving cell-survival 
pathways.

2 Serine/threonine protein 
phosphatase PP1-gamma 
catalytic subunit

Phosphatase 0.14 Regulates neuronal insulin signaling and aggravates insulin 
resistance leading to AD-like phenotypes.

3 Sigma opioid receptor Membrane 
receptor

0.18 Involved in higher-ordered brain functions including 
memory and drug dependence.

4 Sigma opioid receptor Membrane 
receptor

0.18 Involved in higher-ordered brain functions including 
memory and drug dependence.

5 Gamma-butyrobetaine 
dioxygenase

Enzyme 0.02 Carnitine is essential for the transport of activated fatty acids 
across the mitochondrial membrane during mitochondrial 
beta oxidation.

6 Glutamate 
carboxypeptidase II

Enzyme 0.18 Neuroprotective by reducing excitotoxic glutamate and 
increasing levels of NAAG.

7 Beta-glucocerebrosidase Enzyme 0.13 Break down a large molecule called glucocerebroside into a 
sugar (glucose) and a simpler fat molecule (ceramide).

8 Kappa Opioid receptor Family A G 
protein-coupled 
receptor

0.11 Provide analgesia, diuresis, and dysphoria.

9 Alpha-L-fucosidase I Enzyme 0.02 Involved in many biological processes like inflammation, 
growth regulation, receptor interactions, and antigenicity. 

10 Protein kinase C theta Kinase 0.69 A critical factor for type 2 innate lymphoid cells activation 
that contributes to TH2 cell differentiation.

Table 8:  Predicting targets for the molecules, detailing their therapeutic action.
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for drug-receptor binding. The physicochemical properties and 
drug-likeliness studies exhibited good drug-likeliness behavior of 
melazitose. The molecule exhibited high aqueous solubility but 
exhibited less percentage of absorption due to high TPSA value. 
The compound exhibited good drug-likeliness behavior as per 
Lipinski, Veber and Egan rules. The moderate oral bioavailability 
was observed with a value of 0.55. The moderate bioactivity 
score against different receptors s without any toxicity potential 
suggest molecular modification is required for getting more 
binding affinity. The pharmacokinetic study exhibited high GI 
absorptivity and Higher Human Intestinal Absorption (HIA) 
capacity with no BBB was traced for 1. The molecule exhibited 
the PGP efflux effect, whereas not showed any CYP inhibitory 
effect. The skin permeability of the molecules is -7.5 cm/s suggests 
good skin permeability. The target prediction analysis revealed 
that molecule 1 targets the Protein kinase C gamma receptor, 
suggesting its potential use as a diverse biological process, many 
involving cell-survival pathways.

CONCLUSION

The study identified eleven molecules through Gas 
chromatographic analysis, with their structures confirmed by 
spectral analysis. The highest concentration was observed for 
Melezitose. It exhibits good drug likeliness behaviour without any 

toxicity and higher Human Intestinal Absorption (HIA) capacity. 
Target prediction analysis confirmed therapeutic potential as a 
diverse biological process, many involving cell-survival pathways. 
These findings highlight the success of the molecule Melezitose as 
potential therapeutic agent for the treatment of multiple disorders
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ABBREVIATIONS

GC-MS: Gas Chromatography-Mass Spectrometry; FTIR: 
Fourier Transform Infrared Spectroscopy; TPSA: Total Polar 
Surface Area; cLogP: Partition Coefficient; cLogS: Solubility; 
HIA: Human Intestinal Absorption; BBB: Blood-Brain Barrier; 
PGP: P-Glycoprotein; CYP: Cytochrome P450; KSP: Skin 
Permeability; GPCR: G-Protein Coupled Receptor; IC: Ion 

Figure 6:  Schematic representation of molecules identified in the aqueous extract of Asparagus racemosus, akin to a boiled egg 
diagram.
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Channel; KI: Kinase Inhibitor; NR: Nuclear Receptor; PI: 
Protease Inhibitor; EI: Enzyme Inhibitor; AD: Alzheimer's 
Disease; NAAG: N-Acetylaspartylglutamate; TH2: T Helper 2.

SUMMARY

Malazitose can be a potential bioactive molecule with good 
drugliness behavior obtained from the aquous extract of A. 
recemosus. Futher molecular development can improve the 
therapeutic profile for the treatment of multiple disorder.
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