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ABSTRACT

Plant-derived therapeutics remain pivotal in modern medicine owing to their structural diversity, multitarget
pharmacological actions, and relatively lower adverse effects. Numerous clinically established drugs have originated
from phytochemical scaffolds identified in medicinal plants. Integrating ethnopharmacological insights with advanced
analytical platforms offers a robust approach for novel bioactive discovery. Gmelina asiatica L. (syn. Gmelina
parviflora Roxb.), a shrub of the family Lamiaceae, is extensively employed in traditional Indian medicine for
managing jaundice, haemorrhoids, dysuria, arthritis, oedema, hepatic dysfunctions, neurological disorders, pyrexia,
cardiovascular anomalies, dermatological infections, acne, diabetes mellitus, and other systemic ailments.

The present investigation employed High-Resolution Liquid Chromatography—Mass Spectrometry (HRLCMS) to
profile phytoconstituents from the hydroalcoholic root extract of Gmelina asiatica. Both positive and negative
ionisation modes were utilised to achieve comprehensive metabolomic coverage. Spectral data were interpreted
through fragmentation analysis and database comparison.

HRLCMS revealed a chemically diverse metabolite spectrum, detecting 80 compounds in positive ionisation and 50 in
negative ionisation. Several pharmacologically relevant molecules were identified, including Labadoside,
Nitrosylhaem, Homoesperetin-7-rutinoside, Cinchonain Id-7-glucoside, Elloramycin A, Poncirin, Myricoside, and
Gerberinol. These compounds are reported to exhibit anti-inflammatory, antioxidant, analgesic, and hepatoprotective
properties, corroborating the ethnomedicinal applications of the plant.

This study substantiates the presence of multiple bioactive phytochemicals in Gmelina asiatica root, suggesting
synergistic contributions to its therapeutic efficacy. The findings provide scientific validation of its traditional use and
highlight its potential as a reservoir for future drug discovery and development.
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INTRODUCTION

Medicinal plants continue to play a crucial role in
traditional healthcare systems, offering a rich source
of bioactive compounds with therapeutic potential.
Ayurvedic pharmacopeia list numbers of standardized

medicinal plants but over dependency on limited

plants can lead to supply shortages, overharvesting,
and ecological imbalance. To overcome these issues,
need to explore more extra pharmacopeial drug.
Studying this extra pharmacopeial drugs with modern
technique helps validate their efficacy and safety,
reducing reliance on anecdotal evidence. Gmelina

asiatica one of extra pharmacopeial drug synonym for
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Gmelina parviflora; is named Gopabhaddra and
Vikarini in sanskrita. G. asiatica is a much —
branched, armed, more or less spinous bushy shrub;
from the family Lamiaceae® This plant is distributed
mainly in south India, also planted in garden of
Maharastra and west Bengal. It is used extensively in
Indian system of medicine for wide range of disease
condition like root and leaf used as demulcent,
alterative, blood purifier, anticatarrhal, astringent,
antirheumatic?. Experimental and preclinical studies
have established that G. asiatica possesses diverse
bioactivities, including anticancer, anti-inflammatory,
antioxidant,

antihyperglycemic, antipyretic,

nematicidal, anxiolytic, neuroprotective,
antimicrobial, hepatoprotective, nephroprotective, and
analgesic properties.

The qualitative phytochemical analysis of the
aqueous, petroleum ether, chloroform, ethanol and
acetone extracts from G. asiatica leaves indicated the
presence of alkaloids, carbohydrates, glycosides,
coumarins, quinones, saponins, steroids, terpenoids,
proteins, phytosterols, tannins, and flavonoids, with
the highest concentration found in the ethanolic
extract®. Hexane, chloroform, methanol and aqueous
extracts of G. asiatica stem and root revealed the
presence of various phytoconstituents, including
carbohydrates, amino acids, proteins, fats and oils,
alkaloids,  phytosterols, triterpenoids,  furan,
flavonoids, cardiac glycosides, tannins, steroids,
saponins, and phenolic compounds*.

Conventional method for detection of chemical
compound from medicinal plants like UV
spectroscopy, TLC etc have some limitation like lack
of sensitivity, incapable to resolve more complex
chemical compound, unable to identify minor and
novel bioactive compound. While advance technique

like HRLCMS have high sensitivity, high resolution,

provide accurate mass measurement and novel
bioactive compound. This makes HRLCMS more
reliable for phytochemical profiling of G. asiatica.
Considering all this things HRLCMS was Carried out
to understand the probable rationality of its
claims  and

ethnomedicinal pharmacological

properties.

MATERIAL AND METHOD:

Drug collection and authentication:

G. asiatica root was collected from Sasoi Botanical
Garden, Pippali, near Jamnagar. Good collection
practices advised by NMPB were followed
throughout. Identification of plant specimen was
confirmed by referring to varies flora of Botanical
Survey of India. Specimen was deposited at
pharmacognosy laboratory ITRA for future
references.

Drug processing and Preparation of extracts:
Roots of G. asiatica were collected, properly dried,
and ground into coarse powder. The prepared material
was then sent to IIT Bombay, where a hydroalcoholic
extract was prepared.

LCMS setup:

Instrumentation and Analytical Conditions:

Analysis was done at Sophisticated Analytical
Instrument Facility (SAIF) 1T, Mumbai using
TOF/Q-TOF mass spectrometer. LC-MS/MS analysis
was carried out on an integrated UHPLC-Q-TOF
system (Agilent 1290 Infinity UHPLC coupled to
Agilent 6550 iFunnel Q-TOF Mass Spectrometer)
equipped with a Dual Agilent Jet Stream (AJS)
Electrospray lonization source operating in both
positive and negative ion modes. The system was
tuned using the Autotune.tun file for high-resolution

metabolite profiling.
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Software and control parameters: activity-
Data acquisition and instrument control were Mass spectral and chromatographic data were

managed by Agilent MassHunter (v.2024) with the

acquisition method format
“metabolite ESI +VE MSMS.m”. Automated MS?
acquisition was implemented using an AutoMS?
workflow to generate fragmentation spectra for
structural confirmation.

Brief system conditions are as follows-

lonisation mode- Dual AJS ESI

Stop Time (min)- 30.00

Mobile phase composition

. Solvent A: 0.1 % formic acid in water

o Solvent B: 100 % Acetonitrile

Injection Volume- 3.00 uL

Flow rate- 0.300 mL/min

processed using Mass Hunter software (Agilent

Technologies). The identification of chemical
constituents was carried out with reference to the
chemical library available at 1IT Bombay. For
compound characterization, multiple databases were
including HMP, KEGG, LMP, and

METLIN. A comprehensive list of active constituents

consulted,

was compiled manually from system-generated
outputs, incorporating details such as molecular
formula, molecular weight, retention time, and m/z
values. Information on pharmacological activities and
classification of these compounds, as discussed in the
the PubChem

manuscript, was obtained from

database.

MS Scan Rate (spectra/sec)- 1.00
MS Min Range (m/z)- 100

MS Max Range (m/z)- 1200
High Pressure Limit- 1200.00 bar
Stop time- 35.00 min

RESULTS AND DISCUSSION

LC-MS analysis of G. asiatica root revealed presence
of 80 and 50 number of phytochemicals respectively
in positive and negative mode of ionization as shows
Valve switch time- 0.01 min ] ]
S ) in table no. 1 and 2, figure 1 and 2.
Data reporting, identification of components and their

Table 1 List of compounds identified in Hydroalcoholic extract of Gmelina asiatica Root - Positive mode

Sr.  Name Formula Mass RT m/z
1. (+/-)-3-[(2-methyl-3 furyl)thio]-2- CoH1, 02 S 184.0558 0.833 185.0633
butanone

2. Compound-2 - - 0.879 145.033

3. Compound-3 - - 0.899 299.0429
4.  Gerberinol Ca1 Hi6 Os 364.095 1.071 365.1023
5. Miraxanthin-I C1aHig N2 O7S 358.0872 1.071 381.0764
6. Compound-6 - - 1.146 104.1065
7. Esprocarb CisHxsNOS 265.1492 1.147 266.1563
8. 4-Amino-2-methylenebutanoic acid CsHg N O3 115.0624 1.2 116.0697
9. Compound-9 - - 1.45 104.1065
10. Retronecine Cs His N O 155.093 1.533 156.1004
11. Compound-11 - - 1.792 104.1064
12. L-isoleucyl-L-proline C1u Hoo N2 O3 228.1449 1.962 229.1522
13. 2-Propionylpyrrole CzHsNO 123.0695 2.588 146.0588
14. Aspergillomarasmine A Ci10H17 N3 Og 307.1032 3.367 308.1105
15. 3,4 Dihydroxybenzylamine C7Hy N Oz 139.064 3.37 162.0532
16. Kelampayoside A Ca0Hzo Oa3 478.1662 3.661 501.1556
17. Aspergillomarasmine A C1oH17 N3 Os 307.1032 3.712 308.1105
18. Phenylethyl primeveroside C19 H2g O1o 416.1654 4.95 439.1547
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19. Zearalenone Cig H22O5 318.1461 5.641 341.1354
20. Lucuminic acid Ci9Hos Oy2 446.1392 5.714 469.1285
21. para-Trifluoromethylphenol C7HsFs O 162.0297 5.863 163.037

22. Zearalenone Cig H22O5 318.1458 5.948 341.1352
23. 10-Hydroxy-8-nor-2 fenchanone Ci5 H2 Oy 316.1535 6.115 317.1611

glucoside

24, Allixin C12 H18 O4 226.1201 6.286 249.1091
25. Dihydroretrofractamide B C2 Hzi N O3 357.2265 6.361 358.2338
26. N(alpha)- Benzyloxycarbonyl-L leucine CuuHigN Oy 265.1284 6.431 266.1358
27. 1-(2-Furanyl)-1-propanone C7 Hg O 124.0533 7.324 147.0424
28. Oxynarcotine C2 Hzs N Og 431.1576 8.016 454.1469
29. 2-Phenylethyl beta-D glucopyranoside C1a Ho Os 284.1257 8.078 307.115

30. 2,6-Dimethyl-1,4-benzenediol Cs Hio Oz 138.0687 8.151 161.0578
31. Compound-31 - - 8.224 656.2539
32. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.126 8.363 307.1154
33. Compound-32 - - 8.38 686.2648
34. 2,6-Dimethyl-1,4-benzenediol Cs Hi O2 138.0688 8.432 161.0581
35. 5-Hydroxy-7,3',4'-trimethoxy-8 Cs1Hzg O1s 650.2189 8.435 651.2264

methylisoflavone 5 neohesperidoside

36. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.126 8.668 307.1153
37. Compound-37 - - 8.671 686.2643
38. 2,6-Dimethyl-1,4-benzenediol Cs Hi O2 138.0688 8.735 161.0581
39. 2-Phenylethyl beta-D glucopyranoside C14 H20Os 284.1259 8.957 307.1153
40. 2,6-Dimethyl-1,4-benzenediol Cs Hi0 O2 138.0688 9.028 161.058

41. 2-Phenylethyl beta-D glucopyranoside C1a Ho Og 284.126 9.25 307.1154
42. 2,6-Dimethyl-1,4-benzenediol Cs Hio Oz 138.0687 9.322 161.058

43. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.1255 9.54 307.1148
44. Dubiusine Ca3 H27 N Og 445.1726 9.542 468.1619
45. 2,6-Dimethyl-1,4-benzenediol Cg H10 O 138.0683 9.614 161.0576
46. (10S,11R)-Pterosin C 4 glucoside Ca0 Hag Og 396.1762 9.763 419.1656
47. 2,6-Dimethyl-1,4-benzenediol Cs H10 O2 138.068 9.827 161.0575
48. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.1251 9.833 307.1145
49. Tetrahydrofolic acid Ci9 Haz N7 Og 445.1723 9.835 468.1616
50. Margrapine B C22 Has N O 415.1617 9.972 438.1511
51. Compound-51 - - 10.075 554,1981
52. Dubiusine Ca3 Hz7 N Og 445.1726 10.106 468.1618
53. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.1251 10.107 307.1144
54. Adefovir Dipivoxil C20 H32 N5 Og P 501.1979 10.238 524.1874
55. Compound-55 - - 10.372 540.1823
56. 2-Phenylethyl beta-D glucopyranoside C14 H20 06 284.1251 10.392 307.1145
57. Tetrahydrofolic acid C19 H2s N7 Og 445.1727 10.393 468.1619
58. Compound-58 - - 10.408 554.1985
59. Margrapine B C2 HxsN Oy 415.1617 10.54 438.1511
60. Anapear Co Hi4 O2 154.0991 10.644 177.0883
61. Dubiusine Ca3H2r N Og 445.1725 10.667 468.1617
62. Compound-62 - - 10.859 754.2888
63. Dihydrodeoxystreptomycin C21 Ha1 N7 Opq 567.2859 10.928 568.2931
64. Tetrahydrofolic acid C19 H2s N7 Og 445.1726 11.005 468.1619
65. Dihydrodeoxystreptomycin C21 Ha1 N7 Opq 567.2857 11.222 568.293

66. Compound-66 - - 11.56 568.2136
67. Dihydrodeoxystreptomycin C21 Ha1 N7 Oqg 567.2845 11.587 568.2918
68. Compound-68 - - 12.959 230.2445
69. Compound-69 - - 13.105 290.2648
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70. Compound-70 - - 13.286 846.3161
71. Spirapril Cx2Ho N2 05 S, 466.1586 13.334 467.1658
72. Spirapril Ca2HoN205 Sz 466.1584 13.672 467.1656
73. Compound-73 - - 14.039 467.1748
74. Mitoxantrone C22 Hag N4 Og 444.2009 14.163 445.2083
75. Mitoxantrone C22 Hag N4 Og 444.2005 14.52 445.2078
76. Sterebin A Ci1 H30 Os4 310.2129 15.869 333.2021
77. Sterebin A Ci18 H30 O4 310.2128 16.242 333.2018
78. lcaceine Cz2 Hzzs N O4 375.2391 20.765 398.2284
79. lcaceine Cz2 Hzzs N O4 375.2387 21.119 398.228

80. (2)-(2)-2-(5 Tetradecenyl)cyclobutanone  Cig Hz O 264.2438 21.441 287.2331

Table 2 List of compounds identified in Hydroalcoholic extract of Gmelina asiatica Root -

Negative mode

Sr. Name Formula Mass RT m/z
1. Carbenicillin Ci7H1s N2 Og S 378.0882 1.082 377.0813
2. Zapotin C19 Hig Os 342.1119 1.085 341.1046
3. Physalin H Cos H31 Cl Oy 562.1606 1.251 561.1533
4. Carbenicillin Ci7H18 N2 O6 S 378.0883 1.387 377.0816
5. N-[[3-(b-D Glucopyranosyloxy)-2,3 C20 H24 N2 O12 484.1287 1.595 543.1439
dihydro-2-oxo-1H-indol-3
yl]acetyl]aspartic acid
6. Carbenicillin Ci7Higs N2 Og S 378.088 1.668 377.0811
7. Glutathione amide disulfide Co0 H34 Ng 010 S 610.1851 5.803 669.1981
8. Compound-8 - - 6.023 655.2186
9. N, N'-Bis(g-glutamyl)-3,3'-(1,2 C19 H32 N4 O10 S2 540.1558 6.125 539.1488
propylenedithio)dialanine
10. Glutathione amide disulfide Co0 H3a Ng 010 S 610.1852 6.125 669.1982
11. Poncirin Cos H3s O14 594.1892 6.431 653.2027
12. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1834 6.437 689.1797
13. Glutathione amide disulfide Co0 H34 Ng 010 S 610.1855 6.477 669.1972
14, Homoesperetin 7-rutinoside Cag H3s O15 624.2 6.729 683.214
15. Poncirin Cos H3s O14 594.1898 6.792 653.2033
16. 4-(4-Hydroxyphenyl)-2 butanone O- Cs0 H30 O1s 630.1679 6.796 689.1797
[2,6 digalloylglucoside]
17. Forsythiaside Cz9 H3s Os5 624.2001 6.914 623.193
18. Compound-18 - - 7.149 721.2059
19. 4-(4-Hydroxyphenyl)-2 butanone O- Cs0 H30 O1s5 630.1677 7.182 689.1791
[2,6 digalloylglucoside]
20. Forsythiaside Ca9 H3s O15 624.2001 7.278 623.1931
21, Poncirin Cos Hza O14 594.1893 7.412 653.2033
22. Myricoside Cs4 Haa O1g 756.2416 7.414 755.2345
23. Poncirin Cos Hza O14 594.1885 7.704 653.2025
24, Compound-24 - - 7.704 719.1897
25. Compound-25 - - 7.907 721.2043
26. Cinchonain Id 7-glucoside Cso H3p O14 614.1698 8.201 673.1851
217. Homoesperetin 7-rutinoside Cag Hzs O15 624.2005 8.262 683.2139
28. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1828 8.347 703.1952
29. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1831 8.733 703.1959
30. Compound-30 - - 8.733 713.2246
31 Elloramycin A Cs2 H3s 015 658.1977 9.036 703.1955
32. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1876 9.116 703.1958
33. Cinchonain Id 7-glucoside Cso H3p O14 614.1693 9.267 673.1847
34. Homoesperetin 7-rutinoside Cag Hss O15 624.1999 9.332 683.2138
35. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1827 9.4 703.1953
36. Compound-36 - - 9.401 713.224
37. Nitrosylhaem Cs4 H3z Fe N5 Os 644.1826 9.726 703.1952
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38. Compound-38 - - 9.727 713.2241
39. Compound-39 - - 10.065 845.4023
40. Nitrosylhaem Css H3 Fe N5 Os 644.1828 10.104 703.1956
41. Nitrosylhaem Css H3 Fe N5 Os 644.1825 10.482 703.1955
42. Compound-42 - - 11.421 849.2319
43. Labadoside Css Haz O1s 754.2416 11.492 813.2557
44, Compound-44 - - 13.188 863.2474
45, Amylopectin Cso Hs2 Oz 828.2777 13.243 873.276
46. Compound-46 - - 13.538 863.2476
47. Amylopectin Cso Hs2 Oz 828.2775 13.614 873.2759
48. Compound-48 - - 22.578 726.0965
49. UDP-N-acetyl-2-amino-2 deoxy-D- Ci17 H2s N3 O15 P2 621.0549 23.111 666.0535
glucuronate
50. UDP-N-acetyl-2-amino-2 deoxy-D- Ci17 H2s N3 O15 P2 621.0544 23.503 666.053
glucuronate
e e T Em I e o natural aminopolycarboxylic acid produced by

g
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Aspergillus versicolor, best known for its potent
ability to inhibit metallo-p-lactamases (MBLs) such
as NDM-1 and VIM-2, thereby restoring the activity

of B-lactam antibiotics against resistant bacteria. It
acts by chelating zinc ions essential for MBL
‘ enzymatic function. kelampayoside A showed

K analgesic effects against paclitaxel-induced cold
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Figure 1 Positive mode LCMS chromatogram of Gmelina
asiatica root

allodynia, also having anti-oxidant  and

antiproliferative activity. Dubiusine has hypotensive

Sample Name 5. Pasition PL-DL
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Instrument Name  QTOF
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Comment

User Name
1RM Calibration Status Suecess

metahoite_ESI_VE_M Acquired Time 3112026 12:39:25 P14

effects, lowering arterial pressure in normotensive

ES1 BRC(all [-4]) Scan Frag=175.0v GS-d

| rats, antiviral and antitumor activities, dubiusine, are
known for their ability to inhibit acetylcholinesterase
I and exhibit cytotoxic effects against certain cancer

cell lines®. Tetrahydrofolate is used to treat topical
sprue and megaloblastic and macrocytic anemias,

= hematologic  complications  resulting from a

o W e deficiency in folic acid. Spirapril is an ACE inhibitor
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antihypertensive drug used primarily to treat

Figure 2 Negative mode LCMS chromatogram of

Gmelina asiatica root hypertension. Mitoxantrone is Analgesic - capable of

L-isoleucyl-L-proline, its main pharmacological relieving pain without the loss of consciousness,

relevance lies in being a natural metabolite of protein
digestion and a structural motif related to bioactive
peptides that can inhibit angiotensin-converting
enzyme (ACE), thereby contributing to blood pressure
regulation, also used for neurodegenerative disease

condition.  Aspergillomarasmine A (AMA) is a

Antineoplastic Agents, Topoisomerase Il Inhibitors.
Sterebin A may have anti-inflammatory properties®.
In vitro (laboratory) studies have also investigated the
potential antioxidant properties of Sterebin A’
Studies have shown that Sterebin A stimulates insulin

secretion and improves insulin sensitivity, which may
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have implications for managing conditions like
diabetes®.

Carbenicillin is a semisynthetic penicillin. Though
carbenicillin  provides substantial in vitro activity
against a variety of both gram-positive and gram-
negative microorganisms, the most important aspect
of its profile is in its antipseudomonal and antiproteal
activity. Because of the high urine levels obtained
carbenicillin has

following administration,

demonstrated clinical efficacy in urinary tract
infections. Also used in osteomyelitis®. Zepotin
exhibits potent anticancer activity, particularly against
colon cancer cell lines (SW480, SW620, HT-29).
Apart from that, zapotin acts as an antidepressant-like,
anticancer, antifungal, antioxidant agent, and potential
PKCe modulation in breast cancer chemoresistance®.
Physalin H (PH), has been reported to have anti-
inflammatory effect, immunosuppressive activity of
Physalin H on T lymphocytes, Antimicrobial!.
Poncirin possess anti-inflammatory, analgesic, anti-
obesity, hepatoprotective, anti-diabetic, antioxidant,
anti-cancer (gastric cancer), Anti-Helicobacter pylori
activity and is a osteogenic compound. 4-(4-
O-[2,6

digalloylglucoside] is anti-oxidant. Forsythiaside A

Hydroxyphenyl)-2 butanone

possesses anti-inflammatory, anti-oxidant, anti-
infective, having action on Staphylococcus aureus
pneumonia, indicating its potential for preventing or
treating  Ulcerative  Colitis,  hepatoprotective,
alleviated myocardial injury in diabetes, osteoarthritis,
acute lung injury, neuroprotective, oesophageal
squamous cell carcinoma in vivo and in vitro, FA
exhibited anti-migration and anti-inflammation effects
in RA in vitro model, antimicrobial. Myricoside
having anti-oxidant activity. Elloramycin A possess

antibiotic, antitumor activity.

CONCLUSION

The HRLCMS study of G. asiatica revealed presence
of broad spectrum of phytochemical compound
including alkaloids, flavonoid glycosides, phenolic
glycosides, terpenoid derivatives and amide
compounds. Separation of these Bioactive compounds
provides basis to understand ethnomedicinal and
pharmacological action of plant. Inferred information
will be helpful to stockholders for future research and
new drug development. Identified Phytoconstituents
can be used as reference standard for quality control
of this plant. While This study is facilitated molecular
fingerprinting of G. asiatica plant, further study
regarding quantitative analysis, in vivo study and
clinical research provides more understanding about
the use of this pant. This study provides valuable
knowledge about evidence of ethnomedicinal use of
the plant and adds important information to the
present literature of Gmelina asiatica L.
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