Melese et al. Future Journal of
Future Journal of Pharmaceutical Sciences (2024) 10:108

https://doi.org/10.1186/543094-024-00682-6 Pharmaceutical Sciences

) ) ) ) )]
|dentification and characterization e

of phytochemicals in methanolic extract of roots
of Datura fastuosa using various techniques

Girma Mengesha Melese'?", Tewodros Brihanu Aychiluhim?, Abdurrahman Mengesha Yessuf?® and
Matthewos Eshete?*

Abstract

Background Plant extracts have attracted significant interest among researchers due to their potential bioactiv-

ity and crucial contribution to the production of pharmaceutical compounds. In this study, the primary objective
was to extract, analyze and characterize the bioactive compounds found in the methanol root extract of Datura
fastuosa (D. fastuosa). This was achieved using various analytical techniques such as gas chromatography/mass spec-
trometry (GC-MS), ultra-violet visible spectrophotometry, Fourier-transform infrared (FT-IR), nuclear magnetic radia-
tion spectrometry (NMR) and DPPH free radical scavenging activity assay.

Results GC-MS analysis of the methanol root crude extract identified 49 compounds. Three compounds were iso-
lated via column chromatography; one was pure, with a sharp melting point and clean IR spectrum, while the other
two showed broad melting points and IR interferences. Comprehensive investigation of the pure extract revealed

a UV profile with two distinct bands (300-800 nm) and confirmed functional groups (alcohol, alkanes, alkenes,
carbonyl, methylene, and methyl) through FT-IR analysis. The THNMR (proton nuclear magnetic resonance spectros-
copy) signal confirmed the presence of forty-nine non-equivalent protons, '*CNMR (Carbon-13 nuclear magnetic
resonance spectroscopy) signal confirmed the presence of 32 non-equivalent carbons and DEPT-135 (distortion-
less enhancement by polarization transfer-135) signal confirmed the presence of 24 carbons (17 for odd and 7

for even) which are protons containing carbons in the compound. Combining the above mentioned analyses

with data obtained from the GC/MS analysis of National Institute of Standards and Technology (NIST) library, the iso-
lated pure compound exhibited a structural similarity to 1-(7-(3-hydroxyphenyl)-1,1,43,5,6,9,10a,10b-octamethyl-
1,2,3443,4b,63,7,8,9,10,10a3,10b,11,12,12a-hexadecahydrochrysen-2-yl)propan-1-one, with a chemical formula

of C35Hs00s.

Conclusions The presence of various notable compounds, including phenolics, flavonoids, alkaloids, steroids etc,
within the methanol root extract of D. fastuosa signifies its pharmacological potential. The methanol crude extract
demonstrated antioxidant potential compared to standard ascorbic acid, exhibiting DPPH scavenging activity. Previ-
ous research has demonstrated the bioactivity of some of these compounds, further elucidating the plant’s medicinal
properties. These findings not only suggest opportunities for developing synthetic drugs but also underscore its
direct therapeutic potential in addressing diverse ailments.
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Background

Numerous plant species are known to contain bioac-
tive compounds, referred to as secondary metabolites,
which are synthesized within the plants and are pri-
marily responsible for the diverse and distinct activities
observed in plant extracts [1-5]. These bioactive com-
pounds, including flavonoids, tannins, phenols, alkaloids,
etc. have demonstrated the potential to treat various ill-
nesses [6—9]. Throughout history, many cultures have
relied on these medicinal plants to treat various illnesses,
and even in the present time, with modern healthcare
services available, numerous individuals, especially in
developing countries, continue to depend on medicinal
plants to address their primary healthcare needs. Moreo-
ver, natural products derived from plants and their struc-
tural analogs have played a significant role in advancing
pharmaceuticals. Some pharmaceutical companies rely
on these plant products for drug synthesis, with approxi-
mately 50% of drugs produced worldwide being based on
these plant extracts [10, 11]. The medicinal plant inves-
tigated in this study is known as Datura fastuosa, which
has several common names, including Devil’s trumpet
and thorn apple. It belongs to the family Solanaceae and
considered to be a poisonous plant when consumed in
large doses [12—14]. However, it is also one of the most
important medicinal herbs globally, renowned for its
anti-inflammatory properties [14, 15]. Traditionally, it has
been used in various medicinal practices to alleviate pain,
breathlessness, and fever, and it has demonstrated anti-
bacterial and antifungal activities against pathogens. The
therapeutic benefits are predominantly associated with
the presence of a diverse range of bioactive compounds
found within Datura species. Although the quantity and
composition of these constituents vary among different
species, they typically encompass phytochemicals such
as alkaloids, flavonoids, phenols, tannins, saponins, and
sterols [16, 17]. Further identification and characteriza-
tion of bioactive compounds in various species of these
plants will prove beneficial. Datura fastuosa is commonly
found in Africa, particularly in Southern Ethiopia, as
well as in other tropical and subtropical regions. In the
region of Konso, Southern Ethiopia, D. fastuosa is locally
known as “Qorramakka’, and it is traditionally applied
for treating snake venom in humans or animals and
used as a snake and insect repellent. The plant typically
grows up to 92 cm, and its leaves are covered with short
and soft grayish hairs, measuring 10-20 cm in length
and 5-18 cm in breadth [18]. The current study focused
on exploring the bioactive phytochemicals within the
methanolic root extract of D. fastuosa through a variety
of techniques. These methods include gas chromatogra-
phy—mass spectrometry (GC/MS) to ascertain the pres-
ence of bioactive substances. Additionally, the isolation
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of pure compounds from the crude extract were achieved
using chromatographic methods, followed by structural
analysis of the extracts through a combination of tech-
niques, including UV, FT-IR, 'H-NMR, *C-NMR, and
DEPT-135 spectroscopy. To interpret the results, the
acquired data was compared with reference data from the
GC/MS analysis in the NIST Library.

Result

Sample extraction from root of Datura fastousa using
different solvents

The crude chemical compounds present in D. fastousa
roots were isolated using methanol, acetone, ethyl
acetate, and chloroform. The vyields of these extracts
obtained through maceration. The percentage of extract-
able compounds contained in roots by using methanol,
acetone, ethyl acetate, and chloroform are 4.9%, 0.61%,
0.39%, and 0.54% (w/w), respectively. Notably, methanol
extraction exhibited the highest yield of crude extracts
among the solvents tested. Consequently, the methanol
root extract was chosen for further investigation.

Preliminary phytochemical screening

In this investigation, standard phytochemical screening
procedures were employed to analyze the concentrated
yield obtained through methanol-based extraction. The
aim was to identify secondary metabolites present in the
extract. Our findings revealed the significant abundance
of these phytochemicals within the roots extracts of the
D. fastousa plant. Specifically, the root extract of D. fas-
tousa was found to contain varying levels of alkaloids,
flavonoids, phenols, tannins, saponins, and steroids.
Alkaloids, flavonoids, phenols, and saponins were nota-
bly prominent, while tannins and steroids were present in
relatively lower concentrations. Interestingly, terpenoids
and triterpenoids were absent in the extract (See Table 1).

Table 1 Phytochemical screening of Datura fastousa methanol
root extract

#No Phytochemicals Methanol Ex
1 Alkaloids ++

2 Flavonoids ++

3 Phenols ++

4 Saponins ++

5 Tannins

6 Steroids +

7 Terpenoids

8 Triterpenoids -

Where: (+) present, (++) present in high percentage, (—) absent, Ext =Extract
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DPPH free radical scavenging activity of the crude extracts

All extracts demonstrated antioxidant potential com-
pared to standard ascorbic acid, with DPPH scavenging
activity values ranging significantly (P<0.05) from 12.5 to
400 mg/ml concentration. The methanol extract exhib-
ited the greatest antioxidant potential, outperforming
acetone, ethyl acetate, and chloroform extracts. The anti-
oxidant activity of the root extract varied with the solvent
used, with methanol being the most effective, followed by
acetone, ethyl acetate, and chloroform, the least effective
(see Table 2.)

Gas chromatography-mass spectrometry (GC/MS) analysis
In the study, GC/MS analysis was utilized on the metha-
nol root extracts, revealing the presence of numerous
bioactive compounds previously documented. This anal-
ysis clearly identified a total of 49 potentially bioactive
compounds within the methanol root extract of D. fas-
tousa (see Fig. 1). The identification of the phytochemi-
cal compounds was confirmed based on the retention
time, molecular formula, molecular weight and % peak
area. To elucidate these findings, we integrated the peaks
observed in the chromatogram and cross-referenced
them with the spectra of well-known compounds stored
in the GC-MS NIST library database.

In this analysis, various molecules and compounds
were identified through their retention time, molecu-
lar formula, molecular weight, peak area percent-
age, [IUPAC (International Union of Pure and Applied
Chemistry) name, and structure. These findings are pre-
sented in Table 3. The relative abundance displayed in
this table represents the area under the peak as a per-
centage of the total area or as a percentage of the total
height of all chromatographic peaks. Among the iden-
tified molecules or compounds, the following exhibit
relatively high peak areas in the extract: 1-methyl-
pyrrolidine-2-carboxylic  acid, = 8-mzabicyclo[3.2.1]
octan-3-ol,8-methyl-,endo-,4-bromo-7-chloro-8-fluoro-
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2-phenylquinoline, atropine, [2,3-diacetyloxy-5-(2,4,6-tri-
acetyloxy-3-chlorophenoxy)phenyl]acetate, octadecanoic
acid, beta-amyrin, (2R,3S)-2-(3,4-dihydroxyphenyl)-
3,4-dihydro-2H-chromene-3,5,7-triol, 3-dimethyl-
amino-2-methyl-2-propinal, 12-octadecadienoic acid
(Z,Z)-1-hexadecyne, scopolamine, propenoic acid-
2-phenyl-,8-methyl-8-azabicyclo[3.2.1]octan-3-ylester,
8 azabicyclo[3.2.1]octane-3,6-diol, diacetate (ester),
[1R-[1.alpha.,3.beta.(E),5.alpha.6.alpha.]]-, 2-butenoic
acid, 2-methyl-,8-methyl-1-6-(1-oxopropoxy)-8-azabicy-
clo[3.2.1]oct-3-yl ester.

In general, the root extract contains a variety of major
compounds, including phenolics, flavonoids, alkaloids,
steroids, fatty acids, esters, hydrocarbons, terpenoids,
aldehydes, and ketones. This study’s findings reveal a
diverse array of components, such as fatty acid esters
like 5-hexadecenoic methyl ester and octadecenoic acid
methyl ester, carboxylic acids such as hexadecenoic acid
and (Z,Z)-9,12-octadecenoic acid, and palmitic acid
esters like hexadecenoic methyl ester.

Isolation of compounds from methanolic crude extract

In this study, column chromatography using silica gel
(60-120 mesh) was employed for compound fractiona-
tion. A variety of gradient solvent systems ranging from
10:0 to 0:10 n-hexane/methanol ratios were utilized. A
total of 22 fractions were gathered in a 50-mL volumetric
flask from the initial extract, and the elution progress was
tracked using thin-layer chromatography (TLC) on glass
plates.

Throughout the investigation into thin-layer chroma-
tography, various solvent systems were explored with the
aim of achieving optimal resolution. Ultimately, it was
determined that n-hexane: methanol ratio of 6:4 was the
most suitable solvent system for analyzing the methanol
extract obtained from D. fastuosa roots. Through the
column chromatography fractionation process, a total
of 21 fractions were obtained. Among these 21 fractions

Table 2 Percentage of scavenging activity and ICg, value in Datura fastuosa root extracts

Conc. mg/mL % Av. SCV +STDEV of solvent extracts

Methanol Ext Acetone Ext

Chloroform Ext Ethyl acetate Ext Ascorbic acid

12.5 34.12+0.02 2869+0.11
25 40.12+0.18 37.84+0.22
50 49.49+0.05 45.58+0.04
100 56.17+£0.02 51.47+0.05
200 66.88+0.01 62.17+0.03
400 83.31+0.11 71.25+0.03
IC50 8.85 13.64

9.54+0.15 19.88+0.02 36.17+£0.02
17.75+0.02 31.48+0.05 44.26x0.02
34.76+0.04 4131+0.05 5345+0.01
40.57+0.02 47.62+0.03 5858+0.02
48.11x0.02 56.49+0.03 69.25+0.04
56.46+0.05 5949+0.05 88.69+0.03
28.06 21.72 5.87

Conc. ppm concentration in parts per million, % Av.SCV % average of scavenging activity, Ext extract, TSDEV standard deviation, /Cs, the concentration of an inhibitor
where the response is reduced by half (ICs, value is the effective concentration of the extract that scavenges 50% of the DPPH radical)
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Fig. 1 GC/MS spectrum of Datura fastuosa methanolic root extract

from the methanol extract, three fractions exhibited sin-
gle spots. The purity of each fraction was evaluated using
TLC plates, and their purity was further verified using
melting point determination, which showed a sharp melt-
ing point range for one fraction, indicating purity, while
the other two single-spot fractions showed a wider range
of melting points, indicating lower purity. The respective
Rf (Retention factor) values of these fractions were calcu-
lated and recorded.

The TLC plate confirmed the isolation of three com-
pounds from the ranges of F3-F7, F9-F13, and F17-
F21, which were labeled as the 1st (S-1), 2nd (S-2), and
3rd (S-3) compounds, with Rf values of 0.768, 0.779, and
0.846, respectively, indicating their potential purity. As
previously mentioned, these compounds were isolated
using a mixture of n-hexane and methanol (6:4) solvent
ratios through gravity-assisted fractionation with low
external pressure. Finally, 33 mg of S-1, 35 mg of S-2,
and 13 mL of S-3 were obtained as potentially pure com-
pounds from the methanol fractions. Subsequent melt-
ing point determination confirmed that S-2 had a sharp
melting point, indicating purity, while the other two
compounds displayed a relatively wider range of melt-
ing points, indicating lower purity. The compounds were

13.3(116.21.
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then stored under suitable conditions (4 °C) for further
analysis and characterization.

Melting point determination of isolated compounds

The melting points of compounds S1, S2, and S3 were
assessed to determine their purity. The recorded melt-
ing point ranges were (225-228 °C), (230-231 °C), and
(334-339 °C) respectively. Purity was determined by a
melting point range not exceeding 2 °C. Consequently, S1
and S3 were deemed impure due to their broad melting
point ranges of (334-339 °C) and (225-228 °C), respec-
tively. Only compound S2 exhibited a narrow melting
point range (230-231 °C). The melting point test revealed
that S2 began melting at 230 °C and completely melted at
231 °C, indicating its purity. Conversely, the broad melt-
ing point ranges of S1 and S3 suggested impurities. Fur-
thermore, the purity of the isolated S2 compound was
confirmed through IR spectroscopy.

Structure analysis of isolated compound

Among the compounds that were isolated, the struc-
ture of the compound labeled as (S-2) was subjected
to further structural analysis using various spectro-
scopic techniques, including UV spectroscopy, FT-IR
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Table 3 GC/MS analysis conducted on the methanolic root extract of Datura fastuosa showing the identification of a total of forty-
nine (49) phytochemical compounds

No RT(min) Area% IUPAC hame Molecular formula Molecular
weight (g/
mole)

1 5393 0.10 Benzaldehyde GHO 106.12

2 7.656 1.72 1-Methyl-pyrrolidine-2-carboxylic acid CeHy;0, 129.16

3 10.084 052 8-Methyl-8-azabicyclo[3.2.1Joctan-3-one CgHi3NO 139.19

4 10.650 9.52 8-Azabicyclo[3.2.1]octan-3-ol, 8-methyl-, endo- CgHsNO 141.2108

5 11.046 3046  8-Azabicyclo[3.2.1]octan-3-ol, 8-methyl-, endo- CgHysNO 141.2108

6 12.646 0.04 2-Methoxy-4-vinylphenol CoHy 00, 150.177

7 14.609 0.07 4-Hydroxy-3-methoxybenzaldehyde CgHgO; 152.149

8 16410 0.08 1-(4-Hydroxy-3-methoxyphenyl)ethan-1-one CgH003 166.174

9 18.184 0.05 1,2-Benzenedicarboxylic acid, diethyl ester Cy,H140, 222237

10 18464 0.06 3',5,7-Trihydroxy-4'-methoxyflavanone Ci6H1406 302.28

1120279 226 4-Bromo-7-chloro-8-fluoro-2-phenylquinoline C,5HgBrCIFN 336.586

12 20415 0.20 3-Tropanyl-2-[2,6-dichlorophenyllacrylate Cy7H;5CILNO, 340.244

13 20509 275 Tetradecamethylcycloheptasiloxa NE Ci4H4,0,50; 519.07

14 20962 0.07 [2,3-diacetyloxy-5-(2,4,6-triacetyloxy-3-chlorophenoxy)phenyllacetate CyyHClO; 5 552.872

15 21529 0.08 4-((1£)-3-Hydroxy-1-propenyl)-2-methoxyphenol CioH1205 180.2005

16 21.992 0.68 6(R)-6-(S)—1-((75,85,95,10R,13R,145,17R)-7-Hydroxy-10,13dimethyl-1-oxo- C4oHsg015 778135

4789710,11,12,13,14,15,16,1 7—dodecahydro—1 H-cyclopentalalphenanthren-17-yl)ethyl)-
4-(((25,35,4R,5R,65)-3,4,5-trihnydroxy-6-(((3R4S,55,6R)-3,4,5-trihydroxy)-6-(hydroxymethy!)
tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)mmetyl)-5,6-dihy-
dro-2H-pyran-2-one

17 22233 0.21 3-Chloropropionic acid, heptadecyl ester CyoH3CIO, 346.97546

18 22491 0.19 8-Benzyloxyquinolin-2-amine Ci6Hi4N50 150.25

19 23722 0.17 2-Methoxy-4-(2-propenyl) phenol CioH150, 164.204

20 23910 361 (2R 3R)-2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-2,3-dihydro-4H-chromen-4-on Ci5H15,0; 304.25

21 2479 1.13 3-Dimethylamino-2-methyl-2-propinal CeHy;NO 113.16

22 24531 0.12 Hexadecanoic acid, methyl ester Ci/H3,0, 270.5407

23 24605 0.06 Benzenepropanoic acid-3,5-bis(1,1-dimethylethyl)-4-hydroxy-2-methyl ester CioH3505 343.03

24 24953 0.07 12-Oleanene-3,6-diol,(33,6B)-form,(33,6B3)-form C30H450, 406.07

25 25653 6.24 (2R 35)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-chromene-3,5,7-triol Ci5H40¢ 290.26

26 26075 0.54 1-(13"-ethyl-9-hydroxy-3-isopropyl-1'4',5,5a",11b"-pentamethyl-1'3',3a’ 3b'4" 5" 5a',5b"  C,,Hg50 586.05

J1b7,12/,13',13a,13b",14/,15",15a"-hexadecahydrospiro[cyclohexane-1,2"-cyclopentalc]
picen]-7"-yl)ethanone

27 26.545 0.71 Methyl 13"-ethyl-1',3,9"-trihydroxy-5-isopropyl-4',5a’,11b'-trimethyl-1’,3"3a’,3b’ 4, CuoHsg05 554.02

5'5a'5b",11b',12',13',13a",13b',14',15',15a’-hexadecahydrospiro[cyclohexane-1,2'-
cyclopentalc]picene]-7"-carboxylate

28 26939 0.57 1-(5-Hydroxy-2-(10-hydroxy-6a,14-dimethyl-1,2,3,4,4a,6a,13,14-octahydropicen-4-yl) C3oH30; 464.031

phenyl)ethanone

29 27044 0.61 Heptadecanoic acid Ci6H3,0, 2564

30 7.243 5.96 Propenoic acid, 2-phenyl-, 8-methyl-8-azabicyclo [3.2.1] octan-3-yl ester Cy7H,NO, 27135

31 27933 253 8-Azabicyclo[3.2.1]octane-3,6-diol, diacetate (ester) Cy,HoNO, 241.2836

32 28309 4.75 9,12-Octadecadienoic acid (Z,2)-1-Hexadecyne Ci5H3,0, 2804

33 28373 078 9,12,15-Octadecadienoic acid (Z,Z,2)-1-Hexadecyne CigH300, 2784

34 28488 0.88 Methyl 13"-ethyl-9"-hydroxy-3-isopropyl-1',4',5,5a’,11b"-pentamethyl-1',3',3a’,3b’ 4’ CyoHea0s 614.012

,5',5a"5b",11b",12/,13",13a',13b",14',15",15a"-hexadecahydrospiro[cyclohexane-1,2'-
cyclopentalc]picene]-7'"-carboxylate

35 28676 1.99 Octadecanoic acid CigH360, 284.48

36 29.000 10.72 Atropine C,,H,3NO; 2894

37 29976 10.70 2-Butenoic acid,2-methyl-,8-methyl-1-6-(1-oxopropoxy)-8-azabicyclo[3.2.1]oct-3-yl Ci6Hy5NO, 295374

ester, [1R-[1.alpha.3.beta.(F),5.alpha.6.alpha.]]-

38 30.346 0.14 Octadecane CigHsg 254.494




Melese et al. Future Journal of Pharmaceutical Sciences (2024) 10:108 Page 6 of 15

Table 3 (continued)

No RT(min) Area% IUPAC hame Molecular formula Molecular
weight (g/
mole)

39 30.830 0.17 5,6,12,21-Tetrahydroxy-1-oxowitha-2,24-dienolide;(50,63,22R)-form CoH400; 488.023

40 31480 1.94 (8)-3-Hydroxy-2-phenylpropionic acid (1R,2R4S,5S5,70,95)-9-methyl-3-oxa-9- Ci7H,»NO, 303.35

azatricyclo[3.3.1 AOZ'4}non-7—yI ester

41 31712 0.04 1-Octadecanethiol CigHssS 286.6

42 32723 1.26 Beta-amyrin C3oH500 426.7

43 33117 0.17 1-Heneicosyl formate C,,H40, 340.5836

44 33192 0.20 Phenanthrene CiuHio 17823

45 33964 0.58 Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)- C31 H,505 468.7

46 34.146 0.09 Docosanoic acid CyoHu0, 3406

47 34325 0.09 12-Oleanen-3-yl acetate, (3-alpha)- C5,Hs,0, 468.05

48 34520 1.89 1-(10-Hydroxy-4,4,6a,6b,8,13,14,14b-octamethyl-1,2,3,4,43,5,6,6a,6b,7,8,12b,14a,14b- Cy3Hys0, 476.04

tetradecahydropicen-3-yl)propan-1-one

49 34953 1.02 1-(7-(3-Hydroxyphenyl)-1,1,4a,5,6,9,10a,10b-octamethyl 1,2,3,4,4a,4b,6a,7,8,9,10,10a,10b  C35H;,0, 502.031

,11,12,12a-hexadecahydrochrysen-2-yl)propan-1-one
spectroscopy, 'H-NMR spectroscopy, >)C-NMR spec-  FT-IR spectral analysis of compound S-2
troscopy, and DEPT-135. This analysis involved a com-  The application of FT-IR spectroscopy is a crucial

parison of the obtained results with reference data and
information from the GC/MS analysis of the NIST
Library.

UV-visible analysis

UV-Vis spectroscopic analysis was conducted to iden-
tify the phytoconstituents present in the extract. The
qualitative UV-Vis spectrum profile of the metha-
nol extract was chosen within the wavelength range
of 300-800 nm due to the sharpness of the peaks and
the presence of a well-defined baseline. This spectrum
was generated to pinpoint compounds characterized
by o-bonds, n-bonds, lone pairs of electrons, chromo-
phores, and aromatic rings.

The spectrum of the S-2 compound exhibited dis-
tinct bands at 371 nm and 408 nm with absorptions
of 91.56 and 99.21, respectively. The UV-Vis spec-
trum obtained (figure not shown) illustrates that the
absorption spectrum of methanol extracts from D.
fastuosa roots is nearly transparent in the wavelength
range of 300-800 nm. In the spectra, the presence of
one or more peaks within the UV (MeOH) Amax (log
€) 200-410 nm range is a clear indicator of the exist-
ence of unsaturated groups and heteroatoms such as
S, N, and O. In accordance with this, the spectrum of
the D. fastuosa methanol extract displays two peaks at
UV (MeOH) Amax (log €) 371 (3.82) nm and 408 (3.92)
nm. This confirms the presence of aromatic and other
organic chromophores within the isolated compound.

method for discerning the functional groups within
active constituents found in a molecule. This is accom-
plished by assessing the molecule’s response to energy
absorption within the infrared spectrum. In the pre-
sent investigation, FT-IR spectroscopy was employed to
ascertain the existence of functional groups in the iso-
lated pure compound, S-2, which was obtained from the
methanol extract of D. fastuosa root. Subsequently, an
analysis of the FT-IR spectrum was conducted to iden-
tify the functional group present in the compound. IR
spectral interpretation faces challenges due to several
factors. Residual solvents like methanol, natural lipids,
waxes, polysaccharides, proteins, chlorophyll, and other
pigments can all contribute additional peaks. Non-target
plant materials, environmental contaminants, soil parti-
cles, and chemicals used in sample preparation can fur-
ther complicate the spectra. Therefore, these factors were
considered during spectral interpretation.

The FT-IR spectrum of S-2 shown in Fig. 2 provides
valuable structural insights into the functional groups
it contains. Specifically, the broad band at 3343 cm™!
is indicative of O-H stretching vibrations, suggest-
ing the presence of a hydroxyl-related group, possibly
an alcohol or phenol. In essence, this broad band at
3343 cm ™! corresponds to the hydroxyl group’s O—H
stretching, associated with non-hydrogen bonding
alcohols or phenolic compounds, known for their anti-
oxidant properties. Furthermore, the narrow, intense
absorption band at 2927 cm™ indicates the presence of
—CH asymmetric stretching in an alkane, likely related
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Fig. 2 FT-IR spectrum of S-2 compound from Datura fastuosa root
extract

to —CHj stretching. Similarly, the narrow, weaker band
at 2852 cm ™! is attributed to —CH asymmetric stretch-
ing in an alkane, potentially associated with —CH,—
stretching. Additionally, a sharp band at 1710 cm™
corresponds to the C=0 stretching vibration, suggest-
ing the presence of a carbonyl group within the meth-
anol root extracts. The band at 1647 cm™! exhibits
weak intensity and is linked to C=C skeletal stretching
in an alkene. Moreover, various overtone bands with
variable intensities spanning from 1250 to 1600 cm™!
(specifically at 1517, 1467, 1376, and 1253 cm ™) indi-
cate out-of-plane bending vibrations. Bands at 823 and
738 ¢cm™! suggest the availability of an ortho-para-
disubstituted aromatic ring with alternative conjugate
C=C functional groups. The weak band at 1050 cm™*
is associated with the C-O stretching vibration in
alcohols.

The FT-IR analysis also reveals the presence of phenolic
and flavonoid functional groups, as evidenced by the
O-H stretching, as well as phenols, alkaloids, flavonoids
terpenes functional groups characterized by C—H asym-
metric stretching. The distinctive characteristics of the
bands in terms of their positions, shapes, and intensities
enable the identification of fundamental components.
The presence of C=0, C-H, C=C, C-0, and O-H bonds
points to the presence of alkyl, alkene, alcohols, ethers,
esters, carboxylic acids, anhydrides, and aromatic com-
pounds which are typical of secondary plant metabolites
(see Table 4). Therefore, the IR spectrum indicates the
existence of carbonyl groups, alcohols, aromatics, as well
as methylene and methyl groups attached to a quaternary
carbon in the S-2 compound. Notably, there is no absorp-
tion observed in the region between 2220 and 2260 cm™,
which suggests the absence of a cyanide group in the iso-
lated S-2 compound. This absence implies that the com-
pound is free of cyanide and, consequently, non-toxic.
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Table 4 FT-IR spectral data of S-2 compound

Wavelength (em™) Group atom Functional group
3343 O-H Alcohol
2927,2852 C-H Alkyl

1710 =0 Carbonyl carbon
1647 C=C Alkene
1517,1467,1376, 1253 Aromatic (C=C) Aromatic

1050 Cc-0 Alcohol

823,738 C-H Ortho-para-disub-

stituted aromatic
ring

Proton nuclear magnetic resonance spectroscopy ('H-NMR)
'"H-NMR spectroscopy is applied to characterize the
hydrogen atom types in the isolated compound S-2 and
to elucidate their connectivity (see Fig. 3). The 'H-NMR
spectrum of the S-2 compound exhibits distinctive fea-
tures, including resonances in the downfield chemical
shift range, indicative of aromatic protons, connections
involving olefinic double bonds on adjacent carbon
atoms, and a notably congested up-field region owing
to a higher concentration of aliphatic protons. Within
the 'H-NMR spectroscopic data, a discernible OH
group signal at § 5.25 is observed. In the densely popu-
lated aliphatic region spanning dH 0.5-3.84, distinctive
and characteristic signals associated with methyl pro-
tons has been observed.

The 'H-NMR spectrum of compound S-2 provided
insights into the signal integrals and multiplicities. It
revealed the presence of three aromatic protons in the
range of 6 [7.40-7.29] (m, 3H) and one non-aromatic
proton at § 5.25 (m-'H) adjacent to an electronegative
atom. The detailed 'H NMR data (MeOD (Deuterated
methanol), 500 MHz) included the following chemical
shifts and multiplicity: § 7.40-7.29 (4H, m, H-1), 7.37
(3H, dd, /=8.0 Hz, H-2), 6.86—6.72 (2H, q, /=9.5 Hz,
H-3), 5.25 (*H, s, H-4), 4.17 (*H, d, J=4.3 Hz, H-5), 4.11
(*H, tq, /=9.7 Hz, H-6), 3.84 (*H, s, H-7), 3.63-3.41
(10H, m, H-8), 3.34 (*H, s, J=2.34, H-8), 2.49 (*H, m,
H-10), 2.82 (6H, s, H-11), 1.85 (3H, t, J=7.3, H-12),
1.76 (3H, d, J=6.2, H-13), 1.04 (9H, s, H-14), 0.99 (6H,
s, H-15), totaling 49 protons in all.

In the 'H-NMR spectrum recorded at 500 MHz in
MeOD, the signals included a range from § 7.40-7.29
(m, 4H) for equivalent aromatic protons, a doublet of
doublets at § 7.37 (dd, J=8.0 Hz, 3H) indicating aro-
matic protons, a singlet at & 3.34 (s, 'H) for another aro-
matic proton, a quartet in the range of § 6.86-6.72 (q,
J=9.5 Hz, 2H) representing a —CH,— group attached to
methyl and carbonyl carbons, a singlet at § 5.25 (s, 'H)
corresponding to an aromatic —C—-OH peak, a triplet
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Fig. 3 'H-NMR spectrum of S-2 compound from Datura fastuosa root extract

quartet at § 4.11 (tq, /=9.7 Hz, 'H) suggestive of pro-
tons linked to adjacent carbon atoms and displaying
a mixture of triplet and quartet characteristics due to
interactions with both two equivalent (Hs) and three
equivalent Hs, a peak at § 3.84 (J=5.3 Hz, 'H) repre-
senting protons attached to a tertiary carbon, peaks in
the range of § 3.63—-3.41 (m, 10H) indicative of methyl-
ene protons, a singlet at § 2.49 (s, 'H), and in the methyl
range, nine peaks including two equivalent methyl sin-
glets at § 2.82 (s, 6H), signifying two equivalent —CH;
attachments in quaternary carbons of olefin functional
groups, three equivalent methyl singlets at § 1.04 (s,
9H) confirming the presence of three equivalent —CH,
attachments in quaternary carbons, one methyl triplet
at § 1.85 (t, /J=7.3 Hz), indicating one —CHj, attachment
in a secondary carbon, and one methyl doublet at § 1.76
(d, J=6.2 Hz, 3H), suggesting one —CH, attachment in
a tertiary carbon, as well as two equivalent methyl sin-
glets at § 0.99 (s, 6H), indicating two equivalent —CH,
attachments in quaternary carbons. The '"H-NMR spec-
troscopy analysis of compound S-2 revealed the exist-
ence of a total of 49 proton signals distributed across
various carbon environments, with nine —CH,, six —
CH,—, four aromatic —~CH-, five aliphatic —-CH-, and

one —OH group signal, each detected at distinct chemi-
cal shift regions as shown in Fig. 3.

Carbon-13 nuclear magnetic resonance spectroscopy
("*C-NMR)

The compound S-2 was subjected to *C-NMR analy-
sis, which helped identify the types of carbons within
the compound (see Fig. 4). The assignment of '*C-NMR
data for S-2 was performed using both *C-NMR and
DEPT-135 spectra. The '*C-NMR spectrum of the iso-
lated S-2 compound revealed a total of 32 distinct and
well-resolved carbon signals. Among these signals, the
most downfield peak corresponded to a ketone carbonyl
carbon. These 32 carbon signals were categorized as fol-
lows: eight (8) methyl (sp®) carbons, five methylene (sp)
carbons, two olefinic carbons, five methines, six aro-
matic ring carbons, four quaternary carbons, one keto
carbonyl carbon, and one a-saturated keto carbonyl car-
bon. These assignments confirmed the presence of 32
non-equivalent carbon atom signals, aligning with the
information derived from the DEPT-135 experiment. In
the 400 MHz '*C-NMR spectrum of S-2 in MeOD, the
downfield (deshield) region exhibited nine distinct sig-
nals with chemical shifts at § [172.33, 136.28, 130.02,
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Fig. 4 ">CNMR spectrum of S-2 compound from Datura fastuosa root extract

129.90, 129.30, 128.49, 128.21, 115.96, and 115.57]. These
were identified as one keto carbonyl carbon, six aromatic
ring carbons, and two olefinic carbons. Specifically, the
double-bonded carbons at § 128.21 and 129.30 were
attributed to the olefin carbons. Conversely, the up-field
(shielded) region displayed 23 signals, including eight (8)
methyl (~CHS,) sp® hybrid groups at & [9.31, 19.89, 20.17,
22.95, 23.60, 24.25, 26.83], seven (7) methylene (—CH,-)
groups at § [20.17, 32.28, 34.90, 48.86, 49.00, 54.99,
57.71], six (6) methine (—CH-) groups at § [29.97, 63.75,
70.36, 72.99, 73.47, 98.55], four (4) quaternary carbons at
4 [29.68, 35.05, 65.42, 68.45], and one a-saturated keto
carbonyl at § 173.33. These assignments were supported
by the NMR data detailed as follow.

NMR (MeOD, 400 MHz) § 172.33 (C-3, CO-Eth),
136.28 (C-32, C-OH), 130.02 (C, C-30), 129.90 (CH,
C-34), 129.30 (C=C, C-20), 128.49 (C=C, C-18), 128.21
(C, C-30), 128.21 (CH, C-35), 115.96 (CH, C-33), 115.57
(CH, C-31), 98.55 (CH, C-4), 73.43 (CH, C-11), 72.99
(CH, C-15), 70.36 (CH, C-23), 68.45 (C, C-19), 65.42 (C,

C-21), 63.77 (CH, C-29), 57.71 (CH,, C-25), 54.99 (CH,,
C-9), 49.00 (CH,, C-28), 48.86 (a-CH,, CO-CH,-Me),
35.05 (C, C-10), 34.90 (CH,, C-13), 32.28 (CH,, C-8),
29.97 (CH, C-26), 29.68 (C, C-5), 26.63 (CH3, C-6), 26.63
(CH;, C-7), 24.25 (CH;, C-27), 23.60 (CH,, C-14), 22.96
(CH,, C-22), 20.17 (CH,, C-12), 20.17 (CH,, C-17), 19.89
(CH;, C-24), 9.81 (CH;, COCH,-CHj;). Additionally, the
ESIMS data indicated m/z 502 [M+H] ¥, and the posi-
tive ion HRESIMS data showed m/z 502.031 (calculated
for C35Hz,O, [M+H] T, 502.031), further corroborating
the findings. In summary, the 3C-NMR results clearly
revealed the presence of 32 non-equivalent carbon
atoms in the S-2 compound, characterizing its structural
composition.

Distortionless enhancement by polarization transfer
(DEPT-135)

The S-2 compound’s "H NMR and *C NMR assignments
were determined through the DEPT-135 experiment,
which distinguishes between carbon signals associated
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with different types of proton environments. In this
experiment, —-CH- and —CH, groups produce positive
signals, while —CH,— groups yield negative signals. The
DEPT-135 spectrum displayed 16 signals correspond-
ing to carbon atoms connected to odd protons (—-CH-
or —CHj) and six signals associated with carbon atoms
bonded to even protons (—CH,—). This revealed the pres-
ence of a total of 23 distinct carbon atoms, with 17 linked
to odd protons (§ values: 128.21, 115.96, 115.57, 98.55,
73.43,72.99,70.36, 63.77, 29.97, 26.63, 24.25, 23.60, 22.96,
20.17, 19.89, and 9.81) and seven connected to even pro-
tons (0 values: 57.71, 54.99, 49.00, 48.86, 34.9, 32.28, and
20.17) within the molecular structure (See Fig. 5).

The DEPT-135 spectrum displayed fewer signals
than a standard 3C NMR spectrum because DEPT-135
exclusively detects carbons bonded to protons, omit-
ting those without proton attachments. Carbon atoms
linked to —OH groups (possibly hydroxyl) at § 136.28,
cyclohexane-linked aromatic carbons at § 130.02 and

128.72
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128.21, two olefinic carbons at § 129.30 and 128.49, and
a keto carbonyl carbon at § 172.33 were all confirmed
from the DEPT-135 spectrum. Furthermore, four peaks
observed in the *C NMR spectrum at & values 29.68,
128.21, 68.45, and 65.42 were absent in the DEPT-135
spectrum, indicating that these carbons are classified as
quaternary carbons. After a comprehensive analysis of
the spectroscopic data, including 'H-NMR, 3C-NMR,
DEPT-135, IR, and UV spectra for the S-2 compound
isolated from the root of D. fastuosa and following a
meticulous comparison with reference data and phy-
tochemical compounds identified using GC/MS in
the NIST Library (Search Libraries: D:\MassHunter\
Library\NIST11.L), it was determined that the S-2
compound closely aligns with a phytochemical com-
pound documented in the NIST Library. As a result, it
is proposed and strongly suggested that the structure of
compound S-2 is in good accordance with the structure
provided in Fig. 6.
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Fig.5 DEPT-135 NMR spectrum of S-2 compound from Datura fastuosa root extract
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Fig. 6 Proposed structure of S-2 compound from methanol root extract of Datura fastuosa

Discussion

The methanol root extract of D. fastuosa underwent
phytochemical screening procedures and GC/MS analy-
sis, revealing a diverse array of major compounds (see
Tables 1 and 3). These include phenolics, flavonoids,
alkaloids, steroids, fatty acids, esters, hydrocarbons, alde-
hydes, and ketones, most of which are known for their
pharmacological properties. Previous studies have recog-
nized their antioxidant, antibacterial, anti-inflammatory,
anticancer, and antiviral effects [19, 20]. Additionally, the
study unveiled specific components in the extract, such
as fatty acid esters like hexadecenoic acid methyl ester
and octadecenoic acid methyl ester, carboxylic acids
like hexadecenoic acid and (Z,Z)-9,12-octadecenoic
acid, and palmitic acid esters such as hexadecenoic acid
methyl ester. These compounds exhibit a broad spec-
trum of bioactivities. Notably, compounds like octade-
cenoic acid methyl esters have previously been reported
for their antibacterial, antifungal, and anticancer prop-
erties [21, 22]. Saturated fatty acids, including palmitic
acid esters, have demonstrated a wide range of activities
such as anticancer, antimicrobial, antioxidant, and anti-
hemolytic effects [23]. Another significant compound,
2-methoxy-4-(2-propenyl) phenol, has been identified
for its antibacterial, antimicrobial, antiseptic, anesthetic,
and anticancer properties [24]. The presence of these
bioactive compounds in the methanol root extract of
D. fastuosa suggests its therapeutic potential in treating
various ailments. The diverse range of identified com-
pounds underscores the plant’s pharmacological signifi-
cance in traditional medicine. The UV-Vis spectroscopy
analysis affirms the presence of aromatic and other
organic chromophores within the isolated compound.
However, it is essential to recognize the limitations of
UV-Vis spectrophotometry when dealing with complex
media. The challenge of attributing absorption peaks to
specific constituents within the system is inherent. Thus,
to ensure accurate characterization and identification

of the constituents, findings from UV-Vis spectroscopy
were augmented with other analytical techniques such
as IR, GC/MS, and NMR. This comprehensive approach
enhances the precision of characterizing the compound.
Moreover, in addition to all the other functional groups
detailed in the result section and depicted in Table 4, the
FT-IR analysis of the S2 compound reveals the presence
of phenolic and flavonoid functional groups, indicated by
the O-H stretching, alongside phenols, alkaloids, flavo-
noids, and terpenes functional groups characterized by
C-H asymmetric stretching. However, the accuracy of
indicating terpenes through C-H asymmetric stretch-
ing is questionable since they were not detected in the
phytochemical screening test of the methanol extract.
Although other solvent extraction methods such as ethyl
acetate and chloroform have suggested the presence
of terpenoids in the root extract (data not included), It
remains justifiable to deduce that the S2 compound is
a phenolic compound and may well be a derivative of a
diterpenoid.

The 'H-NMR, "C-NMR, and DEPT-135 detection
spectra of the S-2 compound exhibited a remarkable sim-
ilarity, showing a 99% correspondence to the suggested
compound structure in the NIST library. This structure is
identified as 1-(7-(3-hydroxyphenyl)-1,1,4a,5,6,9,10a,10b-
octamethyl-1,2,3,4,4a,4b,6a,7,8,9,10,10a,10b,11,12,
12a-hexadecahydrochrysen-2-yl) propan-1-one, with a
chemical formula of C4;H;),O,. The proposed structure
likely represents a phenol and keto-containing bioactive
compound. Therefore, based on the extensive spectro-
scopic data, chemical formula, and structural similarity,
it is reasonable to conclude that the S2 compound aligns
with the proposed structure in Fig. 6.

Conclusion

This investigation has successfully identified 49 potential
bioactive chemical constituents within the methanolic
root extract of D. fastuosa. Among these compounds,
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one has been isolated, purified and its structure eluci-
dated. The presence of these bioactive substances in D.
fastuosa reinforces its traditional medicinal use across
diverse global communities, highlighting its potential
significance in the development of novel drugs based on
the structure of these isolated compounds. Datura fas-
tuosa, with its array of bioactive constituents, shown as
a plant of substantial phytopharmaceutical significance.
Nonetheless, further research is imperative to assess the
toxicity profile, biological activities, and pharmacologi-
cal relevance of the isolated and identified phytochemical
compounds.

Experimental

Plant sample collection, preparation, and extraction

Fresh roots of D. fastuosa were obtained from the Konso
zone within the Southern Regional state of Ethiopia and
the taxonomic verification of the plant was conducted.
The freshly collected D. fastuosa roots were washed,
rinsed with distilled water, and subsequently subjected
to a 3-month period of shade drying in a well-ventilated
laboratory. After drying, the plant material was finely
ground to a particle size of 500 mill mesh using a com-
bination of a local mortar and pestle as well as an electric
blender, following the methodology outlined by Kiruthika
and Sornaraj [25]. The resulting powdered sample was
securely packed in aluminum foil and stored at room
temperature in preparation for the extraction process. To
initiate extraction, 140 g of dried D. fastuosa roots were
submerged in 750 mL of colorless needles containing
99.97% MeOH. The soaking process extended over 72 h,
during which periodic agitation occurred on an orbital
shaker at 250 rotations per minute. Following the soak-
ing period, the mixture was meticulously filtered using a
Whatman #1 filter paper with a diameter of 320 mm and
subsequently concentrated under reduced pressure using
a rotary vacuum evaporator bath at 40 °C. The concen-
trated mixture was then preserved in a vial and stored in
a labeled glass dish inside a refrigerator set at 4 °C until
it was ready for further analysis, as outlined by Yaschilal
et al. [26].

Phytochemical screening

The root extracts of D. fastuosa underwent a compre-
hensive phytochemical analysis following the established
protocols outlined by Evans [27]. This analysis aimed to
identify a spectrum of phytoconstituents, including alka-
loids, phenolics, tannins, flavonoids, triterpenoids, terpe-
noids, saponins, and steroids within the plant material.

Gas chromatography-mass spectrometer (GC/MS) analysis
A 7820A gas chromatograph coupled to a 5977A inert
mass detector from Agilent was employed for GC/MS
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analysis. This analytical technique was used to examine
the phytochemical compounds responsible for various
pharmacological activities in the given extract. The anal-
ysis was conducted on an Hp-5ms ultra-inlet capillary
column (25 mx250 um and 0.25 pm). Helium gas with
a purity of 99.999% served as the carrier gas, flowing at a
rate of 1 mL min~. The obtained analytical results were
processed and interpreted using Mass Hunter Chem-Sta-
tion. The separation process in the GC involved a tem-
perature program starting at 60 °C for 0 min, it increased
at a rate of 60 °C per minute to 240 °C, held for 1 min,
and then increased at a rate of 100 °C per minute to
260 °C for 2 min. The GC oven was maintained at 290 °C,
and the injection port temperature was held at 250 °C,
with a solvent cut time of 2.50 min. The Mass Spec-
trometer program initiated at 3.00 min and concluded at
40.00 min, with an event time of 0.50 s and a scan speed
of 1666 pL/s. All injections were made with a volume of
1 pL in splitless mode. The mass detector operated in full
scan mode, covering the range m/z 50-550. The entire
GC/MS analysis process took 40 min. The relative per-
centage of the extract was calculated by normalizing peak
areas, following a previously reported method Aisha et al.
[28].

Chromatographic methods

Column chromatography and thin-layer chromatogra-
phy (TLC) were employed to isolate and purify bioactive
molecules from the methanol root extract. The objec-
tive of this procedure was twofold: first, to determine the
number of components present in the crude extract, and
second, to assess the chemical proximity of these compo-
nents. Additionally, it aimed to establish suitable solvent
systems for column chromatography, as described by
Popova et al. [29]. The methanol extract derived from D.
fastuosa roots was applied to thin-layer chromatographic
plates using a solvent system with an n-hexane to metha-
nol ratio of 6:4.

Thin-layer chromatography (TLC) profile

A thin-layer chromatographic plate measuring 5x20 cm
with a thickness of 0.5 mm was utilized, following the
method described by Abdurohaman [2]. The extract
was dissolved in methanol and manually applied to the
plate using a capillary tube. The plate underwent devel-
opment in #-hexane: methanol, employing varying trial
ratios to increase the polarity of the solvent mixtures,
including 10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 7:3, 8:2, 9:1,
and 0:10, as outlined by Hemavathy et al. [30]. Further-
more, this method was applied to the sample using alter-
native mixed solvent systems, namely n-hexane:ethyl
acetate:methanol:formic acid (4:3:2:1), n-hexane:ethyl
acetate:acetic acid glacial (4:4:2), and #n-hexane:
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methanol: chloroform (6:3:1), following the procedures
as detailed by Ahamed et al. [31]. Subsequently, the spots
were visualized under UV light at wavelengths of 254 nm
and 365 nm. The solvent combination that displayed the
best separation, i.e., n-hexane:methanol (6:4), was chosen
for column chromatographic analysis. Data pertaining
to the n-hexane:methanol (6:4) system was recorded on
a datasheet by measuring the distance traveled by each
individual spot and the distance covered by the solvent.
Following visualization and labeling of the spots, the Rf
was calculated using the formula: (Rf)=(Distance from
the starting point to the center of the substance spot)/
(Distance from the starting point to the solvent front).
Consequently, the n-hexane:methanol (6:4) ratio was
determined to be the appropriate column eluent for fur-
ther analysis.

Column chromatography (CC)
The initial crude extract underwent fractionation via
column chromatography using silica gel (60-120 mesh).
In this process, a glass column with a cylindrical shape
containing silica gel as the stationary phase was gradually
filled from the top. A mobile phase consisting of #n-hex-
ane: methanol in a 6:4 polarity ratio flowed down the col-
umn under the influence of gravity and external pressure.
The methanol extract, weighing 4 g, was absorbed into
20 g of silica gel and applied to the top of the column. The
solvent was allowed to travel downward through the col-
umn, commencing with a combination of lower polarities
and incrementally increasing their polarities, mirroring
the TLC method. This approach enabled the compounds
within the crude extract to interact differently with the
stationary phase (silica gel) and the mobile phase, leading
to their separation at distinct time intervals.
Consequently, the separation of compounds from
the mixture was successfully accomplished, resulting in
the collection of 22 individual fractions from the crude
extract, all obtained using the n-hexane: methanol (6:4)
ratio. The purity potential of each fraction was verified
through TLC analysis. The individual compounds were
subsequently analyzed and stored in a refrigerator at 4 °C
for future structure elucidation, as described by Vivek
et al. [32].

Structural elucidation of isolated compound
Spectroscopic methods were employed to establish the
structure of the purified compound. The following tech-
niques were utilized for this purpose: UV, FT-IR, 3C
NMR, and 'H NMR spectroscopy.

UV-Vis spectroscopic analysis
A methanol-based solution containing an isolated sam-
ple at a concentration of 200 parts per million (ppm) was
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prepared for UV-Vis analysis. This initial sample was
subsequently diluted at a 1:10 ratio using the same sol-
vent. The resulting solution was then subjected to UV—
Vis spectrophotometry, with a wavelength scan ranging
from 300 to 800 nm to identify the Amax. During the
analysis, characteristic peaks were identified, and the
peak value of the UV-Vis spectrum was documented.

FT-IR spectroscopic analysis

Fourier-transform infrared spectroscopy (FT-IR) was
employed to identify the distinctive functional groups
within the D. fastuosa extract. A small quantity of the
extract was blended with dry potassium bromide (KBr),
and the resulting mixture was meticulously homogenized
in a mortar. This blend was then subjected to a pressure
of 6 bars within 2 min to create a thin KBr disc. Subse-
quently, the KBr disc was positioned in a sample cup
designed for diffuse reflectance measurements. The IR
spectrum was acquired using a Bruker Vertex 70 infrared
spectrometer from Germany. The sample was scanned
over a range from 4000 to 400 cm ™', and the peak values
in the FT-IR spectrum were recorded.

Nuclear magnetic resonance (NMR) spectrophotometric
analysis

The '*C NMR and 'H NMR spectra were acquired using
a Bruker WM-400 UltraShield spectrometer, employing
deuterated methanol (MeOD). The results are presented
in § ppm, utilizing tetramethylsilane (TMS) as the inter-
nal reference standard. In the '"H NMR spectra, splitting
patterns were denoted as g for quartet, ¢ for triplet, d for
doublet, and s for singlet. Approximately 10 mg of the
purified compound was dissolved in methanol (MeOD)
and utilized for the analysis. The chemical shifts (§) for
both 'H NMR (MeOD, 500 MHz) and "*C NMR (MeOD,
100 MHz) spectra were recorded, and subsequent inter-
pretation of the spectra was conducted.

DPPH free radical scavenging activity

To assess DPPH free radical scavenging activity, a
0.1 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) solution
was prepared by dissolving 4 mg of DPPH in 100 mL
of methanol and stored in a dark bottle. Varying con-
centrations of plant extracts and ascorbic acid in meth-
anol were prepared. In cuvettes, 200 puL of the DPPH
solution and 20 pL of the plant extract or ascorbic acid
were added, with 20 puL of methanol used for controls.
The solutions were mixed well, incubated in the dark
at room temperature for 30 min, and absorbance was
measured at 517 nm using a UV-Vis spectrophotom-
eter. The percentage inhibition was calculated using the
formula Inhibition (%)=A niro1 — Asample/Acontrol X 100,
where A is the absorbance of the DPPH solution

control
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with methanol and A, . is with the extract. The IC50
value was determined by plotting the inhibition per-
centage against extract concentrations.

Abbreviations

cC Column chromatography

13C-NMR Carbon-13 nuclear magnetic resonance spectroscopy
D.fastuosa  Datura fastuosa

MeOD Deuterated methanol

DEPT-135 Distortionless enhancement by polarization transfer-135
D. species Datura species

FT-IR Fourier-transform infrared.

"H-NMR Proton nuclear magnetic resonance spectroscopy
GC/MS Gas chromatography/mass spectrometry

IUPAC International Union of Pure and Applied Chemistry
NIST National Institute of Standards and Technology
NMR Nuclear magnetic radiation spectrometry

RDA Representational difference analysis

Rf Retention factor

SNK Student Newman Keuls

TLC Thin-layer chromatography

TMS Tetramethylsilane

UV-Vis Ultra-violet visible spectrophotometry

KBr Potassium bromide

S-2 Pure compound isolated from crude

DPPH 2-Diphenyl-1-picrylhydrazyl
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