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Abstract: This study focuses on the phytochemical investigation of plant-derived rutin analogues,
highlighting their chemical diversity, structural characteristics, and pharmacological significance. Rutin,
a flavonoid glycoside widely distributed among plant species, is recognized for its roles in plant defense
and its potent antioxidant, anti-inflammatory, and vasoprotective effects. The work characterizes rutin as
quercetin-3-O-rutinoside and examines how its molecular structure serves as a template to discover
analogues with potentially enhanced bioactivity and stability. Advanced analytical techniques, including
chromatographic profiling and mass spectrometric analysis, were applied to isolate and identify
structurally related compounds from various plant sources. The results expand the understanding of
flavonoid biosynthesis, molecular function, and structure-activity relationship, while computational
target prediction reveals a spectrum of predicted biological targets, indicating potential applications in
drug discovery. The outcomes aid in identifying plant species rich in novel bioactive flavonoids, fostering
natural antioxidant resource development and the sustainable utilization of phytochemicals in
pharmaceutical and nutraceutical spheres.

Keywords: Rutin analogues, Phytochemical investigation, Flavonoids, Antioxidant activity, Drug
discovery

L. INTRODUCTION

Rutin, a naturally occurring flavonoid glycoside widely distributed in plant species, plays a crucial role in plant defense
mechanisms and contributes to various pharmacological properties. [3,4] Structurally characterized as quercetin-3-O-
rutinoside, rutin exhibits potent antioxidant, anti-inflammatory, and vasoprotective activities that have attracted
significant attention in phytochemical and pharmacological research [7&9]. Its chemical structure, consisting of a
flavonol backbone conjugated with disaccharide moieties, serves as a model for investigating structural analogues with
pote ntially enhanced bioactivity and stability. The occurrence of rutin and its analogues across different plant taxa
presents an excellent opportunity to explore the structural diversity and metabolic adaptations underlying flavonoid
biosynthesis [15 & 16].

Phytochemical studies focused on rutin analogues are essential for understanding the relationship between molecular
structure and biological function. Such investigations employ modern analytical techniques, including chromatographic
profiling, spectroscopic characterization, and mass spectrometric analysis, to isolate, identify, and compare structurally
related compounds from various plant sources. Insights gained from these studies not only expand the chemical
knowledge of flavonoids but also facilitate the discovery of novel bioactive molecules with therapeutic potential.
Moreover, identifying plant species rich in rutin analogues contributes to the development of natural antioxidant
resources and supports the sustainable utilization of phytochemicals in pharmaceutical and nutraceutical applications [5
,6 & 8].

II. METHODS
Target prediction is a fundamental step in modern drug discovery, encompassing the identification of biological targets
(such as proteins or enzymes) that a particular compound might interact with. Computational tools like Swiss Target
Prediction method by Bugnon M, and Zoete V [1,2] utilize chemical structure similarity, bioactivity data, and machine
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learning models to systematically predict potential molecular targets based on input ligands. This accelerates the
process of hypothesis generation for possible mechanisms of action and helps prioritize experimental validation,
especially for novel or uncharacterized molecules.

II1. RESULTS

The table 1: summarizes key chemical and physicochemical properties of a compound, including its formula
(C27H30015), molecular weight (594.52 g/mol), and atom counts. It details structural features such as the number of
heavy atoms (42), aromatic heavy atoms (16), and rotatable bonds (6). The compound also possesses a substantial
number of hydrogen bond acceptors (15) and donors (9), which influence solubility and interaction with biological
targets. Molar refractivity (139.36) and topological polar surface area (TPSA 249.20) are provided, reflecting its
molecular size and capability for polar interactions.

Table 1: Physicochemical Properties of C27H30015:

Physicochemical Properties
Formula C27H30015
Molecular weight 594.52 g/mol
Num. heavy atoms 42
Num. arom. heavy atoms 16
Fraction Csp3 0.44
Num. rotatable bonds 6
Num. H-bond acceptors 15
Num. H-bond donors 9
Molar Refractivity 139.36
TPSA 249.20 A2
6.7%
26.7% 20.0%
13.3%
26.7% 6.7%
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Fig 1. Target Prediction

Water solubility of the compound is shown using different prediction models. According to ESOL, the compound has a
Log S of -3.42, indicating it is classified as "Soluble," with a calculated solubility of 2.24e-01 mg/mL (3.76e-04 mol/L).
The Ali model gives a lower solubility (9.31e-03 mg/mL; 1.57e-05 mol/L), classifying the compound as "Moderately
soluble.” SILICOS-IT predicts a Log S of -0.88 and a higher solubility (7.77e01 mg/mL; 1.31e-01 mol/L), also labeling
it "Soluble." Solubility estimates are important for assessing how the compound might behave in biological systems.
Drug-likeness assessments are provided via rule-based filters. The compound violates multiple criteria in Lipinski (3
violations), Ghose (4 violations), Veber (1 violation), Egan (1 violation), and Muegge (3 violations) rules, mostly due to
its molecular weight, number of hydrogen bond donors/acceptors, TPSA, and atom counts, which may affect oral
bioavailability. The calculated bioavailability score is relatively low (0.17), suggesting limited potential for successful
oral drug development without further optimization. A figure summarizing target prediction is also referenced, which
would further guide its potential applications in biological assays and drug discovery contexts [12 & 13].
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The target prediction results for the compound in question reveal a diverse set of predicted protein targets, each
annotated by common names, UniProt and ChEMBL IDs, target class, and their respective probability scores. High-
confidence interactions (probability = 1.0) are noted with several G protein-coupled receptors (GPCRs) such as
Neuromedin-U receptor 2 (NMUR2), Alpha-2a adrenergic receptor (ADRA2A), and Acetylcholinesterase (ACHE),
among others. Additional targets include enzymes (like Aldose reductase and Carbonic anhydrases), kinases,
oxidoreductases, and secreted proteins (like TNF-alpha and Interleukin-2), with varying degrees of prediction
confidence. The presence of multiple predicted targets hints at potential polypharmacology, suggesting the compound
could modulate several pathways in biological systems.
Table 2: Water Solubility

Water Solubility

Log S (ESOL) -3.42

Solubility 2.24e-01 mg/ml ; 3.76e-04 mol/l
Class Soluble

Log S (Ali) -4.81

Solubility 9.31e-03 mg/ml ; 1.57e-05 mol/l
Class Moderately soluble

Log S (SILICOS-IT) -0.88

Solubility 7.77¢+01 mg/ml ; 1.31e-01 mol/l
Class Soluble

Table 3; Drug likeliness

Drug likeliness

Lipinski No; 3 violations: MW>500, NorO>10, NHorOH>5

Ghose No; 4 violations: MW>480, WLOGP<-0.4, MR>130,
#atoms>70

Veber No; 1 violation: TPSA>140

Egan No; 1 violation: TPSA>131.6

Muegge No; 3 violations: TPSA>150, H-acc>10, H-don>5

Bioavailability 0.17

Score

These predictions are valuable for guiding subsequent laboratory studies, helping researchers focus on the most likely
and therapeutically relevant targets. Furthermore, the data include the number of known actives (previously
characterized compounds), providing a reference to gauge novelty and credibility. Overall, computational target
prediction bridges the gap between chemical design and biological testing, increasing the efficiency of drug
development by highlighting the biological roles and molecular interactions most pertinent to a compound’s therapeutic
potential.

The Query for Target Prediction
Query C[C@@H]10[C@@H](OC[C@H]20[C@@H](Oc3c(oc4cc(O)cc(O)c4c3=0)-c3
Approach  |MMFF-based
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Table 4: Target Prediction

Target Common Uniprot ChEMBL ID Target Class Probabili | Known
name 1D ty* actives
(3D/2D)
Neuromedin-U receptor 2 | NMUR2 Q9GZQ4 | CHEMBLI1075144 | Family A G | 1.0 1/1
protein-
coupled
receptor
Alpha-2a adrenergic ADRA2A | P08913 CHEMBLI1867 Family A G| 1.0 1/ 1
protein-
receptor coupled
receptor
Adrenergic receptor alpha- | ADRA2C P18825 CHEMBLI1916 Family A G| 1.0 2/ 2
2 protein-
coupled
receptor
Acetylcholinesterase ACHE P22303 CHEMBL220 Hydrolase 1.0 2/ 19
Aldose reductase (by | AKR1BI P15121 CHEMBL1900 Enzyme 0.532 10/ 64
homology)
Carbonic anhydrase VII CA7 P43166 CHEMBL2326 Lyase 0.343 5/ 13
Carbonic anhydrase XII CA12 043570 CHEMBL3242 Lyase 0.343 5/ 20
Carbonic anhydrase IV CA4 P22748 CHEMBL3729 Lyase 0.343 4/ 10
Carbonic anhydrase 11 CA2 P00918 CHEMBL205 Lyase 0.334 4/ 10
NADPH oxidase 4 NOX4 QI9NPHS5 | CHEMBLI1250375 | Enzyme 0.244 1/7
Quinone reductase 2 NQO2 P16083 CHEMBL3959 Enzyme 0.235 1/1
Ribosomal protein S6 | RPS6KA3 | P51812 CHEMBL2345 Kinase 0.226 11/ 19
kinase alpha 3
Xanthine dehydrogenase XDH P47989 CHEMBL1929 Oxidoreductase | 0.118 2/ 18
Cyclooxygenase-2 PTGS2 P35354 CHEMBL230 Oxidoreductase | 0.082 1/5
Phosphodiesterase 5SA PDESA 076074 CHEMBL1827 Phosphodiester | 0.082 1/6
ase
Adenosine Al receptor | ADORALI P30542 CHEMBL226 Family A G | 0.082 0/ 14
(by homology) protein-
coupled
receptor
TNF-alpha TNF P0O1375 CHEMBLI1825 Secreted 0.082 0/3
protein
Interleukin-2 L2 P60568 CHEMBL5880 Secreted 0.082 0/ 4
protein
Arachidonate 5- | ALOXS P09917 CHEMBL215 Oxidoreductase | 0.082 0/ 29
lipoxygenase
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Table 5: Structural Analogues identified

REFERENCES
1] Bugnon M, Goullieux M, Roéhrig UF, Perez MAS, Daina A, Michielin O, Zoete V. SwissParam 2023: a modern
web-based tool for efficient small molecule parameterization. J. Chem. Inf. Model., 2023, 63(21), 6469-75.
2] Zoete V, Cuendet MA, Grosdidier A, Michielin O. SwissParam: a fast force field generation tool for small organic
molecules. J. Comput. Chem., 2011, 32(11), 2359-68.
3] Baldisserotto, A., Vertuani, S., Bino, A., De Lucia, D., Lampronti, I., Milani, R. & Manfredini, S. (2015). Design,
synthesis and biological activity of a novel Rutin analogue with improved lipid soluble properties. Bioorganic &
medicinal chemistry, 23(1), 264-271.
4] Goyal, J., & Verma, P. K. (2023). An overview of biosynthetic pathway and therapeutic potential of rutin. Mini
Reviews in Medicinal Chemistry, 23(14), 1451-1460.
5] Semwal, R., Joshi, S. K., Semwal, R. B., & Semwal, D. K. (2021). Health benefits and limitations of rutin-A natural
flavonoid with high nutraceutical value. Phytochemistry Letters, 46, 119-128.
6] Baldisserotto, A., Vertuani, S., Bino, A., De Lucia, D., Lampronti, I., Milani, R. & Manfredini, S. (2015). Design,
synthesis and biological activity of a novel Rutin analogue with improved lipid soluble properties. Bioorganic &
medicinal chemistry, 23(1), 264-271.
7] Tiwari, P., Mishra, R., Mazumder, R., Mazumder, A., & Singh, A. (2024). A Study on Anti-oxidant and Anti-cancer
Perspectives of Rutin. Current Cancer Therapy Reviews, 20(2), 212-222.
8] Gupta, D., Mishra, R. R., Mishra, P., Singh, S., Shrivastava, S., Shukla, S., & Kumar, S. (2024). Antimicrobial
efficacy of rutin: bridging the gap between traditional medicine and modern science. In Emerging Paradigms for
Antibiotic-Resistant Infections: Beyond the Pill (pp. 491-509). Singapore: Springer Nature Singapore.
9] Pravin, B., Nanaware, V., Ashwini, B., Wondmie, G. F., Jardan, Y. A. B., & Bourhia, M. (2024). Assessing the
antioxidant properties of Naringin and Rutin and investigating their oxidative DNA damage effects in breast
cancer. Scientific Reports, 14(1), 15314.
10] Parsaei, M., & Akhbari, K. (2020). Rutin-based phytomedicines for cancer benefit. In Nanomedicine for Bioactives:
Healthcare applications (pp. 71-126). Singapore: Springer Singapore.

Copyright to IJARSCT
www.ijarsct.co.in

919

ISSN \8

OF&:0] DOI: 10.48175/IJARSCT-29913

| 2581-9429 |}




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 4, November 2025 Impact Factor: 7.67

11] Egbuna, C., Ezzat, S. M., Tijjani, H., & Srivastav, V. K. (2019). Synthetic analogs of phytochemicals.
In Phytochemistry: An in-silico and in-vitro Update: Advances in Phytochemical Research (pp. 23-55). Singapore:
Springer Singapore.

12] Al Hoque, A., Begum, S., & Dutta, D. (2025). Occurrence, Chemical Nature, and Medicinal Benefits of
Flavonoids-Rutin, Kaempferol, Quercetin, Anthocyanidins, Catechins, and Flavones. In Dietary Supplements and
Nutraceuticals (pp. 1-24). Singapore: Springer Nature Singapore.

13] Pezzuto, J. M. (1997). Plant-derived anticancer agents. Biochemical pharmacology, 53(2), 121-133.

14] Pachal, S., Kumar, H., Jain, R., Goel, B., Kesharwani, S., Kesharwani, S. S., & Jain, V. (2025). A review of the
current status of biological effects of plant-derived therapeutics in breast cancer. Molecular Biology Reports, 52(1),
159.

15] Mazumder, K., Aktar, A., Roy, P., Biswas, B., Hossain, M. E., Sarkar, K. K., & Fukase, K. (2022). A review on
mechanistic insight of plant derived anticancer bioactive phytocompounds and their structure activity
relationship. Molecules, 27(9), 3036.

16] Mazumder, K., Aktar, A., Roy, P., Biswas, B., Hossain, M. E., Sarkar, K. K., & Fukase, K. (2022). A review on
mechanistic insight of plant derived anticancer bioactive phytocompounds and their structure activity
relationship. Molecules, 27(9), 3036.

17] Shoaib, S., Ansari, M. A., Fatease, A. A., Safhi, A. Y., Hani, U, Jahan, R., & Islam, N. (2023). Plant-derived
bioactive compounds in the management of neurodegenerative disorders: challenges, future directions and molecular
mechanisms involved in neuroprotection. Pharmaceutics, 15(3), 749.

18] Patle, D., & Kalita, R. C. Phytochemical investigations. Pharmacognosy Reimagined: Bridging Tradition and
Modern Innovation, 28, 68.

19] Malabadi, R. B., Sadiya, M. R., Kolkar, K. P., Mammadova, S. S., Chalannavar, R. K., & Baijnath, H. (2024). Role
of Plant derived-medicine for controlling Cancer. Int. J. Sci. Res. Arch, 11(1), 2502-2539.

20] Shukla, S., & Mehta, A. (2015). Anticancer potential of medicinal plants and their phytochemicals: a
review. Brazilian Journal of Botany, 38(2), 199-210.

21] Rafeeq, A., Arshad, S., Abid, M. A., Sajjad, M. A., Shahzad, M., Qadir, M. L., & Majid, B. (2025). Potential of
Plant-Derived Phytochemicals in Combating Antimicrobial Resistance: A Comprehensive Review. Journal of Health,
Wellness and Community Research, €762-e762.

22] Gabhtori, R., Tripathi, A. H., Kumari, A., Negi, N., Paliwal, A., Tripathi, P., & Upadhyay, S. K. (2023). Anticancer
plant-derivatives: deciphering their oncopreventive and therapeutic potential in molecular terms. Future Journal of
Pharmaceutical Sciences, 9(1), 14.

23] Limsay, R. P., Somkuwar, A. P., Kakde, V. K., Shirankar, S. S., & Jagdale, R. A. (2018). The phytochemical study
and antioxidant potential estimation of flavonoid rich fraction of Clerodendrum infortunatum leaves. Multilogic in
Science, 8 (26), 268-271.

24] Habtemariam, S., & Lentini, G. (2018). Plant-derived anticancer agents: Lessons from the pharmacology of
geniposide and its aglycone, genipin. Biomedicines, 6(2), 39

Copyright to IJARSCT 920

www.ijarsct.co.in

7 1ssN W)
| 2581-9429 |}

OF&:0] DOI: 10.48175/IJARSCT-29913

&\ IJARSCT ¥
Q




