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Abstract
Background and objective: Aegle marmelos (L.) Corréa is a medicinal plant with a broad phytochemical profile, and its
leaves are used in traditional and homoeopathic practice. The present study evaluated the phytochemical and antioxidant
profiles of Aegle folia mother tincture (MT) and successive centesimal potencies (3C, 6C, 12C and 30C). Materials and
methods: Qualitative phytochemical screening was performed on MT and the successive potencies. LC-MS/MS profiling
was performed in positive and negative electrospray ionization modes to compare detectable molecular features across the
dilution series. Antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay,
with ascorbic acid used as the reference standard. Results: The MT showed positive reactions for the tested phytochemical
classes and yielded 19 compounds tentatively assigned by spectral-library matching in positive-ion mode. These signals were
not detected in the higher potencies under the analytical conditions used, except for the reported N-acetylneuraminic acid
derivative at 3C. Negative-ion mode showed 12 putatively annotated organic compounds in MT, 3C and 6C, whereas these
signals were not detected at 12C and 30C. DPPH inhibition was 98.78 + 0.45% for MT, 91.87 &+ 1.12% for 3C, 95.00 £+ 0.88%
for 6C, 7.11 + 1.05% for 12C and 14.00 + 0.95% for
30C. The ascorbic acid calibration curve showed good linearity (R? = 0.9854). Conclusion: Under the conditions of this in-
vitro investigation, measurable chemical signals were concentrated in the MT and lower potencies, while DPPH radical-
scavenging activity was retained at 3C and 6C and markedly reduced at 12C and 30C. The LC-MS/MS findings should be
interpreted as tentative compound assignments rather than confirmed structural identification, and further quantitative and
mechanism-oriented studies are warranted.
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evaluating radical-scavenging capacity because the
reduction of the stable DPPH radical can be followed
spectrophotometrically at 517 nm [5].
Homoeopathic preparations are produced by serial
dilution and succussion. From an analytical perspective,
an important question is whether source-derived chemical

Introduction

Medicinal plants contain diverse secondary metabolites
that contribute to their biological and pharmacological
properties. Aegle marmelos (L.) Corréa (family Rutaceae),
commonly known as bael, is widely distributed in the

Indian subcontinent and has been investigated for its
phytochemical and biological activities. Leaves of A.
marmelos contain several classes of secondary
metabolites, including alkaloids, coumarins, flavonoids,
glycosides, terpenoids and other phenolic constituents [1—
4].

Oxidative stress results from an imbalance between the
generation of reactive species and endogenous antioxidant
defences. Plant-derived compounds with radical-
scavenging  properties are therefore  frequently
investigated as potential sources of antioxidant activity.
The DPPH assay is a commonly used in-vitro method for
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constituents remain detectable across successive potency
levels and whether measurable biological activity changes
in parallel. LC-MS/MS provides molecular profiling
capability across complex mixtures and can be used to
compare detectable features between a mother tincture
and successive potencies.

The objective of the present study was to compare the
qualitative phytochemical profile, LC-MS/MS molecular
features and in-vitro DPPH radical-scavenging activity of
Aegle folia mother tincture and its 3C, 6C, 12C and 30C
centesimal potencies.
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1. Materials and Methods

1.1 Study design and samples

Aegle folia mother tincture (MT) and successive
centesimal potencies (3C, 6C, 12C and 30C) were
procured  from a  commercial  homoeopathic
pharmaceutical supplier. The mother tincture was
prepared according to  standard  homoeopathic
pharmaceutical procedures, and dispensing

alcohol was used as the vehicle. The analytical work was
performed in an institutional biotechnology laboratory.

1.2 Qualitative phytochemical screening
Qualitative phytochemical tests were performed on MT
and the successive potencies to assess selected classes of
secondary metabolites. Alkaloids were screened using
Mayer's and Hager's reagents. Flavonoids were evaluated
using the Shinoda and alkaline reagent tests. Glycosides
were assessed using Borntrdger's and Legal's tests.
Terpenoids were examined using the Salkowski test, and
saponins were assessed by the persistent-foam test.

1.3 DPPH radical-scavenging assay

Antioxidant activity was evaluated using the DPPH
radical-scavenging method, with ascorbic acid as the
reference standard. For the standard curve, 20, 40, 60, 80
and 100 pL of ascorbic acid were reacted with a fixed
concentration of DPPH in methanolic solution. Equal
volumes of MT and the 3C, 6C, 12C and 30C
preparations were similarly reacted with DPPH. After
incubation in the dark at room temperature, absorbance
was measured at 517 nm using a UV-—Visible
spectrophotometer against a methanol blank. Radical-
scavenging activity was calculated as:

% inhibition = [(Acontrol — Asample) / Acontrol] x
100

Measurements were performed in triplicate, and the
reported antioxidant results are expressed as mean =+
standard deviation.

1.4  LC-MS/MS profiling

Molecular profiling was performed using a SCIEX
QTRAP 4500 mass spectrometer equipped with a Turbo
V ion source. Data were acquired in both positive (ESI+)
and negative (ESI-) electrospray ionization modes. The
ion-spray potentials were +5500 V and —4500 V,
respectively.  Collision-induced  dissociation  was
performed using high-purity nitrogen as the collision gas,
with collision energy varied around 35 + 15. Retention
time and mass-to-charge ratio (m/z) were recorded for
detected features. The source temperature was 500 °C;
ion-source gases | and 2 were maintained at 50 psi and
curtain gas at 30 psi. Data processing, peak alignment and
blank subtraction were performed using SCIEX OS
software (version 3.0).

Putative compound annotations were assigned by
comparison of product-ion spectra with entries in the
NIST tandem mass spectral library. Because library

IJDDT Volume 16 Issue 84s 2026

matching was used, the annotations should not be
interpreted as confirmed structural identification without
authentic standards and orthogonal confirmation.

1.5 Statistical analysis

The DPPH assay was performed in triplicate and results
are presented as mean + SD. The ascorbic acid standard
curve was evaluated by linear regression and the
coefficient of determination (R?) was calculated. No
inferential p-values are presented in this manuscript
because the source dataset supplied for revision did not
include the individual replicate observations required to
independently verify an ANOVA comparison.

2. Results

2.1 Qualitative phytochemical screening

The mother tincture showed positive reactions for
alkaloids, flavonoids, glycosides and saponins. With
increasing potency, most reactions became trace or
negative. The qualitative findings are summarized in
Table 1.

Table 1. Qualitative phytochemical screening of Aegle
folia preparations.

IPhytochemical test M1l 3C  lschizcBoc
IAlkaloids (Mayer's) + _ I
Flavonoids (Shinoda) + |+ (trace)| — | — | -
Glycosides (Legal's) + |+ (trace)| + | — | -
Saponins (foam test) N I N I

Fig.1 (Alkaloid

test-Magers Reagent)

Fig.3Terpenoids Test (Salkowshi Reagent)

2.2 DPPH radical-scavenging activity
The MT showed the highest DPPH radical-scavenging
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activity (98.78 + 0.45%). Activity remained high at 3C
(91.87 £ 1.12%) and 6C (95.00 + 0.88%). A marked
reduction was observed at 12C (7.11 £ 1.05%) and 30C
(14.00 £ 0.95%). The non-monotonic difference between
12C and 30C indicates that the observed antioxidant
activity did not decrease in a strictly linear manner across
the entire dilution series.

Table 2. DPPH radical-scavenging activity of Aegle
folia preparations.

Preparation Absorbance at | DPPH inhibition
517 nm (%)
Mother tincture 0.011 98.78 £ 0.45
3C 0.073 91.87+1.12
6C 0.045 95.00 + 0.88
12C 0.836 7.11+1.05
30C 0.774 14.00 £ 0.95

The ascorbic acid standard curve showed a linear
relationship between volume and DPPH inhibition: y =
0.8505x + 5.660, with R* = 0.9854, supporting the
suitability of the reference standard over the tested range.

% Inhibition vs Ascorbic acid

Absorbance % Inhibition

8% INHIBITION

Figure 1. Ascorbic acid calibration curve for DPPH
radical-scavenging assay.

Figure 2. DPPH radical-scavenging activity of Aegle
folia mother tincture and successive centesimal
potencies.

2.3 LC-MS/MS profiling in positive-ion mode
Positive-ion LC-MS/MS profiling produced 19 molecular
features tentatively assigned by spectral-library matching
in the mother tincture. Most were not detected in the 3C—
30C preparations under the stated analytical conditions.
The compound names, m/z values, retention times and
library-match scores reported in the source dataset are
presented in Table 3.

Table 3. Putatively annotated compounds detected in
Aegle folia mother tincture by positive-ion LC-
MS/MS.
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Libra
N Compound Class m/z RT: ry
o. (mi g ore
n) (%)
1 Skimmianine Alkaloid [260.0(8.4|91.3
400 | 9
2 Scopoletin Coumarin {193.0|11.|87.0
333 134
3| 7-Methoxyflavanone | Flavanone |253.0(9.0|93.6
800 | 7
4| Kaempferol-3-O- Flavonoid |595.1(6.8|98.2
rutinoside 607 | 6
5 Delphinidin-3- Anthocyanin |611.1(6.6]99.9
rutinoside 282 1 9
341.0
6 (+) Pinoresinol Lignan 400 |13.]84.3
/92
341.1
600
7| Epoxyfarnesic acid | Sesquiterpene |248.1|5.4{100.0
methyl ester 609 | 5
8 Adenosine Purine 268.013.8100.0
nucleoside | 002 | 2
9 4- Anthocyanidin|285.2|11.]93.6
Methoxypelargonidin 400 |86
cation
10 N-Oleoyl-D- Sphingolipid |566.5(6.9 | 98.4
erythrosphinganine 027 | 7
11 Picroside-I Iridoid 475.316.8(100.0
glycoside | 200 | 8
12| Phenolic glycoside Lignan 653.2|14.|73.9
800 |30
13 écziltjf:rfj;’fyl % Phosphatidylch| 788.6 | 11. | 87.1
hosphocholine oline >19 116
1-(1,2-
14Di0ctanoy(1)£>hosphatid Phosphatidylin 609.213.|88.3
ylinositol ositol 832 |38
15 Genipin Iridoid 227.1159(79.9
aglycone 250 | 0
16 Leiocarposide Phenolic  {653.2|14.|73.9
glycoside 800 |30
17 Coptisine Isoquinoline |{320.0{8.5{100.0
alkaloid 400 | 5
e s Benzophenant
18 Nitidine hridine 348.019.9]90.1
alkaloid 6342
IN-Acetylneuraminic [Monosaccharid
19¢id derivative e derivative 27?'2 8§8 879

2.

4 LC-MS/MS profiling in negative-ion mode

Negative-ion profiling showed 12 putatively annotated
organic compounds in the MT, 3C and 6C preparations.
These features were not detected in 12C and 30C under
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the stated analytical conditions.

Table 4. Putatively annotated compounds detected by

negative-ion LC-MS/MS.

Scopoletin + | - - | -
7-Methoxyflavanone + | - - | -
Kaempferol-3-O-rutinoside | + | — e
Delphinidin-3-rutinoside + | - e
(+) Pinoresinol + | - e
Epoxyfarnesic acid methyl + | - - | -
ester
Adenosine + | - i
4-Methoxypelargonidin cation | + | — - | -
IN-Oleoyl-D-erythrosphinganine| + | — e
Picroside-1 + | - i
Phenolic glycoside + | - - | -
1-Octadecanoyl-2-octadecenoyl
. + | - - | -
iphosphocholine
1-(1,2- L= L
Dioctanoyl)phosphatidylinositol
Genipin + | - - | -
Leiocarposide + | - - | -
Coptisine + | - e
Nitidine + | - i
IN-Acetylneuraminic acid
+ |+ - | -

derivative

Table 6. Distribution of negative-ion LC-MS/MS
features across the dilution series.

Librar
No, Compound m/z | RT y score Class
d (n;in (%)
. Dipeptide
1 Aspartic acid 2471.27 6.56| 934 fragment
Dipeptide
2 | Aspartyl-glutamate 2619.27 6.94| 92.7 fragment
3| Jasmonic acid |209.21|7.18| 77.2 |Plant oxylipin
8
1z Hydroxy f
4 |Hydroxydodecanoic|215.24(8.19| 96.5 }',d oxy fatty
acid 8 act
Tripeptide
5 Gly-Pro-Ala 24%).29 8.38| 96.0 fragment
Heneicosapentaenoi Long-chain
6 1. acid 31%.33 1(;.4 926 bUFA
Saturated
7 [Heptadecanoic acid 2699.29 1%7 100.0 f;tyrchd
1o Hydroxy f
8 | Hydroxyhexadecan 271.37|10.9| 97.3 [ VT atty
oic acid 5 0 act
linolen; 112 Polyunsaturat
9 Gamma—.hno enic 2771.30 8. 90.7 ed fatty acid
aci
cis-5,8,11- Polyunsaturat
10 Eicosatrienoic acid 3056.30 1%)'4 89.8 ed fatty acid
> Hydroxylated
11[Hydroxyoctadecano|299.36/11.7| 86.7 [ydroxylate
ic acid 9 4 fatty acid
: Plant
12| 1,4-D-Xylobiose 2811.36 131.6 100.0 disaccharide
2.5 Distribution of LC-MS/MS features across
potencies

Table 5. Distribution of positive-ion LC-MS/MS
features across the dilution series.

Compound

MT

3C | 6C |12C|30C

Compound MT | 3C | 6C | 12C | 30C
Aspartic acid + + + - _
Aspartyl-glutamate + + + - —
Jasmonic acid + + + — _
12-
Hydroxydodecanoic acid| + + + — —
Gly-Pro-Ala + + + - _

Skimmianine

+
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Heneicosapentaenoic
. + + + - -
acid
Heptadecanoic acid + + + - -
16-
Hydroxyhexadecanoic | + + + - -
acid
Gamma-linolenic acid | + + + - -
cis-5,8,11- N . . _ _
Eicosatrienoic acid
3.
Hydroxyoctadecanoic | + + + - -
acid
1,4-D-Xylobiose + + + - -

Pharmacological Activity Distribution

2.3%4.5%

Pharmacological Activity
Antioxidant
Anti-inflammatory
Antimicrobial
CNS-active
Hepatoprotective
Antidiabetic
Vasodilator

Wound healing
Anticancer
Immunomodulatory

INRnnnnnii

29 5%

3. . Discussion

The present investigation combined qualitative
phytochemical screening, LC-MS/MS profiling and
DPPH radical-scavenging assessment to compare Aegle
folia mother tincture with successive centesimal
potencies. The MT contained the largest number of
detectable chemical constituents, consistent with the
expectation that the starting preparation contains the
highest concentration of source-derived material. The
qualitative phytochemical results similarly showed the
more pronounced positive reactions in MT, with most
classes becoming trace or undetectable as potency
increased.

Positive-ion LC-MS/MS  generated 19 tentative
compound assignments in MT, including alkaloidal,
flavonoid, coumarin, glycoside and lipid-related features.
In contrast, negative-ion mode detected a different set of
12 putative organic constituents in MT, 3C and 6C. The
complementary behaviour of the two ionization modes is
analytically important because different chemical classes
have different ionization efficiencies. Therefore, absence
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of a signal in one mode does not establish absolute
absence of a compound from the sample.

The DPPH findings showed high radical-scavenging
activity in MT, 3C and 6C, followed by a marked
reduction at 12C and 30C. The persistence of negative-
mode molecular features through 6C occurred in parallel
with the retention of higher DPPH activity. This temporal
association is compatible with a relationship between
detectable source-derived constituents and measured
antioxidant activity; however, the present study does not
establish causality. The rise from 91.87% at 3C to 95.00%
at 6C also demonstrates that the antioxidant response was
not simply proportional to dilution.

Several reported negative-mode features, including
unsaturated fatty acids and hydroxy fatty acids, contain
functional groups that can participate in redox chemistry.
Such chemical plausibility may help explain antioxidant
activity in the lower potencies, but the present LC-
MS/MS workflow did not quantify individual compounds
or establish which constituent(s) were responsible for the
DPPH response. Similarly, library-match scores alone are
insufficient for confirmed compound identification.

The marked reduction in both detectable LC-MS/MS
features and DPPH activity at 12C and 30C is an
important observation within the experimental system.
Nevertheless, the results should not be interpreted as
proof of a specific molecular mechanism of homoeopathic
action or as evidence of clinical efficacy. Analytical non-
detection is dependent on sample preparation, matrix
effects, ionization efficiency and instrument sensitivity.
Future studies should include authenticated standards,
quantitative LC-MS/MS methods, independent sample
replicates, matrix-matched controls and additional
biological assays.

4, Limitations

° The LC-MS/MS annotations were based on
spectral-library matching and were not confirmed using
authentic reference standards.

° The study provides qualitative LC-MS/MS
profiling rather than validated quantitative concentration
measurements.

° Individual replicate LC-MS/MS data and
complete inferential statistical outputs were not available
in the source dataset.

° The DPPH assay is an in-vitro chemical assay
and does not by itself establish clinical antioxidant
efficacy.

° The study evaluated a single plant preparation
and a limited potency range; broader reproducibility
studies are required.

S. Conclusion

Aegle folia mother tincture showed the broadest
qualitative phytochemical profile and the highest DPPH
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radical-scavenging  activity. LC-MS/MS  profiling
demonstrated distinct positive-and negative-ion molecular
patterns across the dilution series. Twelve negative-mode
features were detected in MT, 3C and 6C, while these
features were not detected at 12C and 30C under the
analytical conditions used. DPPH activity was retained at
3C and 6C but was markedly lower at 12C and 30C.
These findings support further analytical investigation of
Aegle folia preparations, while the present results should
be considered preliminary and in-vitro rather than
evidence of clinical efficacy.
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