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Natural antioxidants found in plants have thus proven to be important potential therapeutic agents
against oxidative damage caused by free radicals. This study evaluated the antioxidant properties
and functional characteristics of the bioactive compounds in Syzygium cumini leaves via in vitro
and in vivo approach. The total phenolic content (TPC: 631.43 £+ 163.90 pg/mL) was found to be
higher than flavonoid content (TFC: 38.05 + 3.02 pg/mL). Based on the ICso values, ethanolic
fraction was shown to be most effective in quenching electron pairs of DPPH radicals (ICso: 0.02 £+
0.004 pg/mL), higher than methanolic extract (ICso = 1.49 + 0.90 ng/mL) and other fractions. The
total antioxidant potential was also high in ethanolic fraction (1327 + 5.89 pg/mL). Similarly, in
vivo studies in type 2 diabetic rat model showed a reduction in the activity of catalase and a
subsequent increase in malondialdehyde (MDA) content. However, S. cumini treatment abolished
this antioxidant imbalance in a dose-dependent manner. The 1000 mg/kg dose resulted in a 27.28 +
2.82 kU increase in catalase activity and a 0.67 £ 0.02 nmol/mg reduction in MDA content. The
FTIR spectroscopy revealed strong O-H stretching peaks around 3260 cm™ typical for phenolic
compounds. Additionally, peaks were observed for C=0, C-O, and N-H bonds. Interestingly, GC-
MS profiling further confirmed the presence of strong antioxidant phenolic compounds such as
catechol, 1,2,3-benzenetriol, and 3,4,5-trihydroxybenzoic acid methyl ester. Besides this, moderate
levels of antioxidants with lipid solubility were also found. Derivatives of linoleic acid, oleic acid,
and octadecadienoic acid belonged to this group. This indicates a combination of hydrophilic radical
scavenging capacity.

INTRODUCTION

occurring compounds such as flavonoids and other plant-derived
molecules [3]. Jamun, or Syzygium cumini (L.) Skeels, is a

Natural antioxidants have always remained in the limelight of
biomedical research because of their versatile roles in protecting
organisms from oxidative damage. A number of chronic
illnesses, including diabetes, heart disease, and cancer, are
significantly influenced by oxidative stress [1]. This occurs
because of the uncontrolled generation of reactive oxygen
species [2]. Natural antioxidants include a series of naturally

medicinal herb that is widely used in traditional medicine. The
leaves, seeds, and fruits of S. cumini have been reported to
contain phenolic acids, flavonoids, and biolipids having
antioxidant and antidiabetic qualities. Prior research has
demonstrated that S. cumini extracts can raise enzymatic
antioxidant levels and decrease oxidative biomarkers both in
vitro and in vivo [4,5]. This has established S. cumini as a
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potential novel therapeutic agent. Despite this data, a thorough
chemical profiling of identified fractions and their roles in
antioxidant activity has still not been fully ascertained. A
comprehensive assessment regarding the presence and associated
role of phytochemicals along with dedicated antioxidant assays
gives a better insight about a particular molecule that
significantly influences this observed phenomenon. Thus, this
particular study intends to examine the level of antioxidant
activity possessed by the fraction of S. cumini leaves along with
its major identified bioactive.

MATERIALS AND METHODS

Reagents and chemicals

The extraction process involved the use of the following solvents:
absolute methanol, chloroform, n-hexane, ethyl acetate, distilled
water and ethanol. The reagents used in the antioxidant activity
experiments include 2,2-diphenyl-1-picrylhydrazyl hydrate
(DPPH), iron (IIT) chloride, hydrochloric acid (HCI), distilled
water, acetate buffer at pH 3.6, gallic acid.

Collection and identification of plant material

The plant samples were collected from a home garden at Hotoro,
Tarauni Local Government Area of Kano state, Nigeria. The
plant sample was authenticated by a plant scientist in the
Department of Plant Biology, Bayero University Kano with a
voucher number of BUKHAN 0406. The sample was washed
under running tap water, air dried at room temperature for 7 days
and milled with a mechanical blender into fine powder and stored
under cool condition until use.

Extraction of crude plant material

The methanolic extract was prepared with some slight changes
according to the method described by [6]. First, 200 grams of
plant powder was placed in an ultrasonic bath and mixed with
1000 mL of methanol. The extraction took place for 40 minutes
at a temperature of 50 °C. Various experimental factors were
adjusted to improve the extraction process, including the liquid-
to-solid ratio, ultrasonic power level (ranging from 100 to 200
W), methanol concentration (95%), and extraction time (between
20 and 40 minutes). After the extraction was complete, the crude
extract was filtered using Whatman® filter paper (120 mm,
China), and then the solvent was allowed to evaporate at room
temperature. The resulting extracts were stored in a vacuum at
optimal temperature until they were analyzed [6].

Solvent-based fractionation using column chromatography
Fractionation of the methanolic extract of S. cumini was carried
out using column chromatography, which is based on the
principle of separating compounds according to their polarity and
differential affinity between a stationary phase (silica gel) and a
mobile phase (solvents of varying polarity). A chromatographic
column was carefully packed with silica gel and pre-conditioned
with a non-polar solvent to ensure an even bed and eliminate air
pockets. About 5-10 g of the crude extract was mixed with a
small amount of silica gel, dried to form a free-flowing powder,
and gently layered onto the column.

Elution was performed sequentially with solvents of
increasing polarity: n-hexane to remove lipophilic substances
such as fats, oils, waxes, and terpenes; chloroform to extract
chlorophylls, alkaloids, and other medium-polar compounds;
ethyl acetate to isolate flavonoids, tannins, and phenolics; ethanol
for glycosides, phenolics, and certain sugars; and distilled water
to collect highly polar constituents such as polysaccharides,
amino acids, and organic acids [7]. Each solvent was added
slowly in sufficient volume (50-150 mL) to ensure complete

elution, and the fractions were collected separately, evaporated,
and later subjected to FTIR and GC-MS characterization as well
in vitro antioxidant testing [8,9].

Determination of antioxidant activity of S. cumini

Total flavonoid content

Using the method outlined by [10], the total flavonoid content
was measured. The crude extract (0.5 mL) was mixed with 0.5
mL of 2% AICI solution in ethanol. The mixture was allowed to
stand for one hour at room temperature, after which, the
absorbance was read at 420 nm with a spectrophotometer. A
yellow color indicated that flavonoids were present. The
concentration of the extract was calculated to be 1 mg/mL using
the formula from the calibration curve: y = 0.025x + C; R? =
0.9812, where x represented the concentration and was
equivalent to quercetin.

Total phenolic content

The total phenolic content of the extract was measured using a
modified Folin-Ciocalteu method as described by [11]. For this
determination, a crude extract solution at a concentration of 1
mg/mL was prepared and combined with 5 mL of Folin-
Ciocalteu reagent followed by the addition of 4 mL of sodium
carbonate solution. The resulting mixture was vortexed for about
15 seconds to ensure proper mixing and then incubated at 40 °C
for 30 minutes to allow color formation. The absorbance of the
developed solution was subsequently recorded at 765 nm using a
spectrophotometer. The total phenolic content was expressed as
mg/mL equivalent to gallic acid by using this equation based on
the calibration curve: y = 0.1216x, where x represents the
concentration as gallic acid equivalent (mg/mL).

DPPH assay

The DPPH radical scavenging activity of the various samples and
fractions was assessed using the method described by [12] with
some minor modification. A freshly prepared 0.1 mM DPPH
solution in methanol was combined with about 2 mL of 4 mg/mL
crude extract and fractions. After incubation in the dark for 30
minutes at room temperature, the absorbance of the different
samples was measured at 517 nm, using gallic acid as a positive
control.

% of antioxidant activity = [(Ac—As) +Ac] x 100

Where;
Ac—Control reaction absorbance
As—Testing specimen absorbance.

Catalase (CAT) Assay

To determine catalase activity a sample was incubated with an
H>0: standard solution, and the decrease of H2O> concentration
in the sample was measured. The assay was run in two reactions.
The serum samples were incubated in reaction A with 65 mM
H20:, and the reaction was stopped by sodium azide addition.
This remaining H202 concentration was measured through an
enzyme-linked colorimetric detection method in reaction B: that
produces quinoneimnine dye which was read at 540 nm to
determine the rate of decomposition of H202 as index of catalase
activity [13].

Superoxide Dismutase (SOD) Assay

The serum samples were used to assay for superoxide dismutase
(SOD) activity. The superoxide radicals reacted with a colorless
substrate to form a yellow-colored product. This product was
measured for absorbance at 450 nm. The higher the levels of SOD
in the sample, the less the amount of the yellow product, and
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hence the greater enzyme activity. These were added to the wells
and xanthine oxidase was added. After 20 minutes at room
temperature, the reaction was read in absorbance. The rate of
inhibition calculation was done to determine the SOD activity
and check for appropriate blanks for accurate measurement [14].

Malondialdehyde (MDA) Assay

A reaction of malondialdehyde (MDA) with thiobarbituric acid
(TBA) formed an MDA-TBA: adduct absorbing at 532 nm and
this was subjected to the MDA assay. Butylated hydroxytoluene
(BHT) and EDTA were added to the sample to prevent artificial
lipid oxidation. To minimize lipid hydroperoxide decomposition,
the reaction mixture temperature was controlled. All wells were
prepared as standard, blank and sample and the detection reagents
were added. The plate was washed multiple times at 37 °C and
incubated. A blue color change was observed in addition to a
substrate solution followed by a yellow color change on the
addition of stop solution. Immediately, MDA concentration was
determined by measuring absorbance at 450 nm [15].

Characterization of S. cumini fractions
The bioactive in S. cumini solvent fractions were characterized
based on FTIR and GCMS.

Fourier Transform Infrared (FTIR) Spectroscopy

The Fourier transform infrared (FTIR) spectroscopy method,
based on [16] with some minor changes, was used to find the
functional groups in the fractionated extracts of S. cumini. About
1 mg of each dried sample fraction was mixed with 100 mg of
potassium bromide (KBr) in an agate mortar to create a smooth
powder. Next, the mixture was pressed into a clear disc using a
hydraulic press under vacuum. The prepared KBr pellets was
scanned in the mid-infrared area using an FTIR spectrometer
(Shimadzu FTIR-8400S or equivalent). The wavelength range
was from 4000 to 400 cm™!, and the resolution was set at 4 cm™!,
averaging 32 scans for each spectrum to enhance the signal-to-
noise ratio. The spectra obtained were compared with standard
functional group frequencies to find the key peaks and identify
the types of compounds present [16].

Gas chromatography-mass spectrometry (GC-MS) analysis

The separation and identification of sample constituents were
carried out through gas chromatography coupled with mass
spectrometric detection. The analysis utilized a Thermo
Scientific Trace GC Ultra system integrated with an ISQ
quadrupole detector. A capillary column composed of fused
silica (TG-5MS type, 30 m length, 0.25 mm internal diameter,
and 0.1 um film thickness) facilitated compound separation.
High-purity helium functioned as the carrier medium at a uniform
flow rate of 1 mL per minute. A 1 pL aliquot of each sample was
introduced into the instrument.

The ionization of analytes occurred under an electron
impact energy of 70 eV. Both the injector and the transfer line
were thermostatically regulated at 280 °C. The oven temperature
programming began at 40 °C, maintained for three minutes, then
progressively increased at a rate of 5 °C per minute until reaching
280 °C, where it was held constant for an additional five minutes.
To quantify all identified components, the percent relative peak
area was calculated.

Compounds were tentatively identified by comparing their
relative retention times and mass spectra with those found in the
NIST and Wiley libraries associated with the GC-MS system
[17].

RESULTS

Total phenolics and flavonoids contents of S. cumini

The mean total phenolics and flavonoids contents of the leaves
of S. cumini were presented in Table 1. It was found that the
leaves contain significantly high (p<0.05) total phenolic than
flavonoid content.

Table 1. Total phenolics and flavonoid contents of S. cumini methanolic
extract.
Antioxidants Leaves (ug/mL)
Total Phenolic (TPC) 631.43 +16.39"
Total Flavonoid (TFC) 38.05+3.02"

Results are mean + S.D of triplicate, values in the same raw bearing same superscript are
significantly different at p<0.05.

2,2-diphenyl-1-picrylhydrazyl (DPPH) antiradical property
of S. cumini

The result of the DPPH radical scavenging activity of S. cumini
expressed as pg/mL was presented in Fig. 1. It was shown that
the crude extract and various solvent fractions of the leaves
revealed diverse antioxidant activity. Ethanol fraction of the
leaves showed highest antioxidant activity indicated by the least
ICs0 of 0.02 + 0.004 pg/mL compared to all other solvent
fractions. The significantly lower (p<0.05) lower ICso of the
gallic acid standard than all the solvent fractions of the leaves
indicate higher antioxidant activity.

m Standard (gallic acid)
@ Crude extract
B Aqueous
1.49 Ethanol
4.78Ethyl-acetate
B Chloroform
@n-hexane

| 4.34

0.0001

Fractions | 0.02

8.9

3.01

4 6 10
ICs (Mg/mL)

Fig. 1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity
of S. Cumini. Data are presented as mean = SD (n=3).

Total antioxidant capacity (TAC) of S. cumini

The total antioxidant capacity (TAC) of S. cumini extract and
fractions expressed in pg/mL was presented in Fig. 2. It was
found that different solvent fractions of the leaves revealed varied
total antioxidant power. The ethanol fraction of the leaves
showed the highest TAC with 1327 + 5.89 pg/mL, while the
chloroform fraction showed the least TAC (217.8 +3.80 pg/mL).
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Fig. 2. Total antioxidant capacity (TAC) of S. cumini. Data are presented
as mean = SD (n=3).

Effect of S. cumini on serum MDA and antioxidant enzymes
The effect of S. cumini on the serum malondialdehyde and
antioxidant enzymes was presented on Table 2. The result shows
that serum catalase activity was highest in the drug control group
(33.56 £5.46kU), followed by the normal control
(30.25+4.08kU), and lowest in the diabetic control
(16.78 £3.68 kU). Among the extract-treated groups, the high
dose (1000 mg/kg) recorded 27.28 +2.82 kU, the medium dose
(500 mg/kg) had 24.87 +2.79 kU, and the low dose (250 mg/kg)
showed 24.48 +4.25 kU. Superoxide dismutase (SOD) activity
was 0.44 £ 0.03 U/ml in the normal control and 0.44 + 0.01 U/ml
in the drug control. The diabetic control showed
0.61+0.03U/ml. The extract-treated groups recorded
0.55+0.02 U/ml at both low and medium doses, while the high
dose showed 0.84 £ 0.02 U/ml.

Similarly, the serum malondialdehyde (MDA) levels were
0.64 + 0.01 nmol/mg protein in the normal control and elevated
to 0.92 +0.05 nmol/mg in the diabetic control. The drug control
group had 0.65+0.03 nmol/mg. The low, medium, and high
extract doses recorded MDA levels of 0.72+£0.04, 0.68 +0.03,
and 0.67 + 0.02 nmol/mg protein, respectively.

Table 2. In vivo antioxidant effect of S. cumini in diabetic rat model.

Group Catalase SOD Activity MDA (nmol/mg
Activity (kU) (U/mL) protein)

I (Normal Control) 30.25 +4.08 0.44 +0.03 0.64 +0.01

11 (Diabetic 16.78 £3.68" 0.61 £0.03" 0.92 £0.05"
Control)

I (Drug Control) 33.56 +5.46 0.44 +£0.01 0.65+0.03
IV (250 mg/kg) 24.48 +4.25 0.55+0.02" 0.72 +0.04
V (500 mg/kg) 24.87+2.79 0.55+0.02" 0.68 +£0.03
VI (1000 mg/kg) 27.28 +2.82 0.84 +0.02" 0.67 +£0.02

Values are presented as mean + standard deviation (n = 6). Within each column, means with
different numbers of asterisks are significantly different (p < 0.05).

FTIR characterization of ethanol fraction of S. cumini leaves
Table 3 presented the FTIR spectral data that reveal the types of
functional groups present in the ethanol fraction of S. cumini
leaves. The presence of a strong, broad O-H stretches and H-
bonded band at 3260 cm™ typically indicates the presence of
alcohols and phenols (Fig. 3). The medium intensity C-H
stretching vibrations at 2925 cm™ and 2854 cm ™!, along with the
C-H rocking at 724 cm™, confirm the presence of alkane
(aliphatic) structures. A weak absorption band at 2117 cm™
indicates the possible presence of alkynes (—C=C-). A strong
absorption band at 1693 cm™ is characteristic of a C=0 stretch,
specifically pointing towards alpha, beta-unsaturated aldehydes
or ketones.

The medium intensity N-H bending vibration at 1611 cm™
suggests the presence of primary amines, while the C-N stretch
at 1197 cm™ indicates aliphatic amines. A strong N-O
asymmetric stretch at 1514 cm™ suggests the presence of nitro
groups. A strong C-O stretch at 1320 cm™ signifies the presence
of alcohols, carboxylic acids, esters and ethers. Medium intensity
C-Cl stretch absorption bands at 821 cm™ and 769 cm™ suggest
the presence of (alkyl halides).

GC-MS Analysis ethanol fraction of leaves

The GC-MS analysis of the ethanolic leaf fraction revealed
several bioactive constituents with documented antioxidant
relevance (Table 4). Phenolic compounds dominated the profile,
notably catechol and 1,2,3-benzenetriol, both of which are
recognized for strong radical-scavenging activity. A methylated
trihydroxybenzoic acid derivative, consistent with a gallic acid
ester, was also detected and further supports the phenolic
contribution to antioxidant potential.

In addition to these high-activity phenolics, the extract
contained multiple unsaturated fatty acid derivatives, including
linoleic acid ethyl ester, 9-octadecenoic acid methyl ester, and
several peaks corresponding to 9,12-octadecadienoic acid (Figs.
4 to 11). These compounds are known to provide lipid-phase
antioxidant effects. Oleic acid and n-hexadecanoic acid were also
present and may offer secondary protective activity. Together,
the profile indicates that both phenolic constituents and
unsaturated fatty acids contribute to the antioxidant properties of
the S. cumini ethanolic leaf fraction.

Table 3. FTIR Identified functional groups in ethanol fraction of S.
cumini leaves.

Absorbance Class of compound Functional group Intensity
(cm™)
3260 O-H stretch, H- Alcohols, phenols Strong,
bonded broad
2925 C-H stretch Alkanes Medium
2854 C-H stretch Alkanes Medium
2117 -C (triple bond) C- Alkynes Weak
stretch
1693 C =0 stretch Alpha, beta- Strong
unsaturated
aldehydes, ketones
1611 N-H bend Primary amines Medium
1514 N-O asymmetric Nitro compounds Strong
stretch
1320 C-O stretch Alcohols, Strong
carboxylic acids,
esters, ethers
1197 C-N stretch Aliphatic amine Medium
821 C-Cl stretch Alkyl halides Medium
769 C-Cl stretch Alkyl halides Medium
724 C-H rock alkanes Medium

Transmittance _

T T T T T T T T T T T [ T T T T [ T T T T [ T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (em-1

Fig. 3. FTIR spectrum of ethanolic fraction of S. cumini leaves.
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Table 4. GC-MS identified compounds from ethanolic leaves fraction of

S. cumini.

Peak Compound RT Area (%) MW

(min) (g/mol)

1 Catechol 5.1 2230706.21 110.11

2 1,2,3-Benzenetriol 6.7 61963670.43 126.11

3 3,4,5-Trihydroxy 115 1378446.53 184.15

benzoic acid methyl
ester
4 Linoleic acid ethyl 12.6 7318041.63 308.51
ester
5 9-Octadecenoic acid 12.7 5899501.46 296.50
methyl ester
6 9,12- 135 55188669.73 280.45
Octadecadienoic
acid (Z,2)

7 Oleic acid 13.8 7238524.82 282.47

8 n-Hexadecanoic acid 113 20460473.25 256.43
100 110

OH
OH
50 N
64 )
27 8‘1 ‘
I MIETTRar~"aar-rans~ vy ane=t sy ansen aay

Fig. 4. Chromatogram of catechol with a retention time (RT) of 5.1

minutes.

100 126

50 52
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108
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(|83
ol da d LA P P
o 40 80 120 160 200

HO.

OH

OH

Fig. 5. Chromatogram of 1,2,3-benzenetriol with a retention time 6.7

minutes.

79
28 51 107 ‘
R e

a0 a0 120 160 T200

oM

Fig. 6. Chromatogram of Benzoic acid, 3,4,5-trihydroxy-, methyl ester
with a retention time (RT) of 11.5 minutes.
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Fig. 7. Chromatogram of Linoleic acid ethyl ester with a retention time

(RT) of 12.6 minutes.

HO
a1
69 ©
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83 —
29 \
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40 0 12 160 200 240 280 320 360 400 440 480

Fig. 8. Chromatogram of oleic acid with a retention time (RT) of 13.8
minutes.
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Fig. 9. Chromatogram of 9-octadecenoic acid (Z)-, methyl ester with a
retention time (RT) of 12.7 minutes.
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Fig. 10. Chromatogram of 9,12-Octadecadienoic acid (Z,Z) with a
retention time (RT) of 13.5 minutes.
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Fig. 11. Chromatogram of n-hexadecanoic with a retention time (RT) of
11.3 minutes.

DISCUSSION

Syzygium cumini has been reported to have high phenolic
component and antioxidant capacity [18]. The higher phenolic
content than flavonoid found in this study suggests that the leaves
are a rich reservoir of phenolic compounds, which encompass a
vast array of phytochemicals known for their free radical
scavenging capabilities, metal chelation, and enzyme inhibition
properties [19,20]. Studies consistently highlight that plant
phenolics are key contributors to the overall antioxidant capacity
of plant extracts [21]. Similarly, the leaves also show a slightly
high mean total flavonoid. Flavonoids, a prominent subgroup of
phenolic compounds, are well-established for their diverse
pharmacological activities, including potent antioxidant, anti-
inflammatory, and antidiabetic effects [22]. The slightly elevated
flavonoid content in the leaves reinforces their potential as a
source of these beneficial compounds. These findings shows that
the higher TPC and TFC in the leaves suggest that this plant part
possess a greater inherent antioxidant potential [23].
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Assessment of the free radical (DPPH) scavenging
capacities of various solvent fractions from the leaves of S.
cumini revealed a lower ICso value indicating stronger
antioxidant activity. The ICso value serves as an exceptionally
potent positive control for comparison. The ethanol fraction of
the leaves displayed exceptionally potent DPPH radical
scavenging activity, a value outstandingly low, nearing the
potency of the standard and suggesting that the ethanol-soluble
compounds in the leaves are highly effective radical scavengers.
The n-hexane, ethyl-acetate and crude leaves extract also show
good activity. However, the chloroform and aqueous leaves
fractions were less potent.

Recent investigations on the DPPH radical scavenging
activity of S. cumini extracts consistently report strong
antioxidant properties, particularly from leaf extracts. The ICso
of the leaf extracts of methanol, ethyl-acetate and hexane are
almost inactive, compared to standard ascorbic acid, indicating
methanol fractions are in the very powerful category [24]. The
solvent-dependent nature of antioxidant activity is a widely
recognized phenomenon, with polar solvents, ethanol and
methanol for extracting phenolic and flavonoid compounds
responsible for DPPH scavenging [25].

Specific ICso values vary across studies due to differences
in plant origin, processing, extraction methodologies, and assay
conditions, the general trend of S. cumini exhibiting potent
radical scavenging activity is well-established [23]. Antioxidant
compounds in S. cumini are diverse and vary in polarity,
requiring different solvents for optimal extraction. In this study,
the ethanol fraction from the leaves stands out as having an
exceptionally high total antioxidant capacity, with a remarkably
mean TAC value. This suggests the presence of extremely potent
antioxidant compounds soluble in ethanol within the leaves. The
crude leaf extract also shows good antioxidant capacity.

Other leaf fractions, such as n-hexane, chloroform, ethyl-
acetate, and aqueous, exhibit varying, generally lower, capacities
compared to the ethanolic fraction. Overall, the leaves are
valuable antioxidant sources but their active compounds differ
significantly in solubility and extractability [26]. Recent works
on the antioxidant capacity of S. cumini extracts generally
support the concept of solvent-dependent activity and often
confirm the potent antioxidant properties of leaf extracts [27].
Many studies reported the leaves as a rich source of antioxidants,
consistent with the high activity of the ethanolic leaf extract
observed here [28]. Research frequently correlates TAC values
with the content of specific phytochemicals like phenolics and
flavonoids, which are known to be extracted differentially by
various solvents [29]. Variations in TAC values across published
works are common due to differences in extraction protocols,
plant material origin, maturation stage, and the specific TAC
assay employed [30].

Additionally, findings of the in vivo antioxidant effect of S.
cumini in this study showed that the catalase activity of the
diabetic control group was markedly reduced (16.78 +3.68 kU),
reflecting oxidative stress and compromised antioxidant defense
in the absence of treatment. Conversely, catalase activity was
restored significantly in the drug control group (33.56 + 5.46 kU)
and was also elevated in the S. cumini-treated groups in a dose-
dependent manner, with the highest catalase activity recorded in
the high-dose group (27.28+2.82kU). These results align
closely with previous studies that reported an increase in catalase
activity following the administration of S. cumini. For instance,
[18] demonstrated that rats administered with S. cumini extract
for 21 days showed a significant dose-dependent improvement in

catalase activity, attributed to the presence of flavonoids and
other phenolic compounds in the extract. Similarly, [31]
suggested that the polyphenolic compounds in S. cumini may
upregulate the expression of catalase and other antioxidant genes
through modulation of cellular signaling pathways like the Nrf2-
ARE (nuclear factor erythroid 2-related factor-2 antioxidant
response element) pathway.

Research [32] also reported similar improvements in
catalase levels in diabetic rats treated with S. cumini pulp extract,
highlighting the plant’s potential to stimulate endogenous
antioxidant systems. In this study, while the catalase activity did
not statistically differ across groups, the numerical trend suggests
a meaningful biological impact, particularly at the medium and
high doses of S. cumini. The pattern observed with SOD activity
further reinforces the antioxidative role of S. cumini. In diabetic
conditions, the overproduction of superoxide radicals
overwhelms the antioxidant system, often leading to the
inactivation of SOD. In this study, the diabetic control group
recorded a moderately elevated SOD activity (0.61 +0.03 U/ml),
possibly due to an adaptive response to increased oxidative load.
However, treatment with S. cumini significantly improved SOD
activity, particularly in the high-dose group, which showed a
peak activity of 0.84 £0.02 U/ml, well above both the diabetic
and normal controls.

These findings are corroborated by the work of [33], who
observed enhanced SOD activity in diabetic rats administered
with S. cumini seed extract, again citing the antioxidative
phytoconstituents as the primary agents responsible for the
improved enzymatic response. Similarly, [34] found that SOD
activity was significantly restored in streptozotocin-induced
diabetic mice after oral administration of S. cumini extract.
Enhanced SOD activity, as seen in this study and others, suggests
the extract’s ability to improve mitochondrial function and
reduce oxidative burden. In another relevant study by [25], rats
fed with S. cumini leaf extract showed significant increase in both
SOD and catalase activities, further supporting the notion that
different parts of the plant, seeds, leaves, and pulp, possess
bioactive compounds that target oxidative stress. Given that the
high-dose extract in this current research produced an even
greater SOD activity than drug control, it can be inferred that S.
cumini’s antioxidant capacity may, in certain contexts, rival or
complement that of standard pharmaceutical interventions.

MDA is a final product of polyunsaturated fatty acid
peroxidation and serves as a robust marker of oxidative damage.
As expected, MDA levels were significantly elevated in the
diabetic control group (0.92 + 0.05 nmol/mg protein), indicating
increased lipid peroxidation under diabetic stress. Notably, S.
cumini administration brought about a dose-dependent reduction
in MDA levels, with the high-dose group reaching near-normal
values (0.67 = 0.02 nmol/mg protein), closely comparable to the
normal control (0.64 £0.01 nmol/mg). These results agree with
the observations of [35], who reported that diabetic rats treated
with S. cumini seed oil showed significantly reduced MDA
levels, demonstrating decreased lipid peroxidation and improved
antioxidant defense. Similarly, [32] found that aqueous extract of
S. cumini seeds effectively reduced MDA concentrations in the
liver and kidneys of diabetic rats. The consistent decrease in
MDA across extract doses in this study reflects the protective
effect of S. cumini against membrane damage and oxidative
injury. Fourier-transform infrared (FTIR) spectroscopy analysis
is a qualitative technique provides valuable insights into the types
of chemical bonds and functional groups present in the ethanol
fraction of S. cumini leaves. This qualitative technique is
fundamental for phytochemical profiling, as it identifies the
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characteristic chemical bonds and functional groups present in
the extract. Table 3 lists specific absorbance wavenumbers
(cm™), the corresponding class of compound, the identified
functional group, and its intensity (e.g., strong, medium, weak,
strong, broad). The most prominent feature is the strong and
broad O-H stretch absorption band at 3260 cm™, which strongly
indicates the abundant presence of alcohols and phenols. These
classes of compounds are well-established for their potent
antioxidant properties, acting as free radical scavengers, metal
chelators, and reducing agents. The strong signals for these
groups provide a robust chemical basis for the high antioxidant
capacity observed in S. cumini leaves. This is a crucial finding,
as phenolic compounds (including flavonoids and tannins) are
well-known for their significant biological activities [18].

The C-H stretching vibrations at 2925 cm ™ and C-H rocking
at 724 cm! confirm the presence of alkane (aliphatic) structures.
These are common components of fatty acids, waxes, and the
carbon backbone of various organic molecules, including the
aliphatic chains within more complex secondary metabolites. A
weak -C=C- stretch absorption band at 2117 cm™ suggests the
possible presence of alkynes (compounds containing a carbon-
carbon triple bond). While less common, some specialized plant
metabolites can possess alkyne functionalities. A strong C=0
stretch absorption band at 1693 cm™, specifically suggesting
alpha, beta-unsaturated aldehydes or ketones. These functional
groups are found in various secondary metabolites, including
some pigments, terpenes, and volatile compounds, many of
which are biologically active. The medium intensity N-H
bending vibration at 1611 cm™ indicates primary amines, while
the C-N stretch at 1197 cm™ suggests aliphatic amines. These
groups are characteristic of amino acids, peptides, and alkaloids,
which are important nitrogen-containing compounds often with
pharmacological properties.

A strong N-O asymmetric stretch absorption band at 1514
cm™! points to the presence of nitro groups. Their strong intensity
indicates they are a significant component of this extract, and
their biological roles can be diverse. A strong C-O stretch
absorbance at 1320 cm™ broad category includes alcohols
(consistent with the O-H stretch), carboxylic acids, esters, and
ethers. This peak likely represents the contribution of various
oxygenated compounds prevalent in plant extracts, such as
carbohydrates, phenolic compounds, and organic acids. Many
phenolic acids, flavonoids, and other compounds containing the
identified functional groups (e.g., carbonyls, amines) possess
significant anti-inflammatory properties. They can modulate
inflammatory pathways, inhibit pro-inflammatory enzymes, and
reduce the production of inflammatory mediators. The presence
of these compounds supports the plant's antioxidant and anti-
inflammatory potential.

The medium intensity C-Cl stretching vibrations at 821 cm™
suggest the presence of carbon-chlorine bonds (alkyl halides).
Recent FTIR studies and broader phytochemical analyses of S.
cumini leaf extracts, particularly those using ethanol or
hydroalcoholic solvents, consistently report the dominant
presence of O-H groups (from phenols and alcohols), C-H
stretches (from alkanes), and various C-O stretches and aromatic
signals. These findings align well with the known richness of S.
cumini leaves in polyphenols (flavonoids, tannins) and
carbohydrates [36]. While the specific appearance of alkynes,
nitro compounds, or alkyl halides might be less universally
reported, their detection here suggests unique constituents or the
influence of specific environmental or genetic factors. Variations
in peak intensities and the presence of minor peaks are common

across studies due to differences in plant origin, maturity,
extraction protocols, and analytical conditions [37].

The GC-MS profile of the ethanolic leaf fraction revealed a
chemical composition consistent with strong antioxidant
potential, driven primarily by phenolic constituents and
supported by unsaturated fatty-acid derivatives. Catechol and
1,2,3-benzenetriol (pyrogallol) were among the major phenolics,
both of which are well-established radical scavengers due to their
hydroxyl-rich aromatic structures that readily donate hydrogen
atoms and stabilize resulting phenoxyl radicals. Their antioxidant
behavior is consistent with classical structure—activity studies
showing that ortho- and tri-hydroxylated phenolics exhibit some
of the highest electron-donating efficiency among simple
phenolic acids [38,39]. The presence of a trihydroxy-benzoic
acid methyl ester, structurally related to gallic acid, further
supports this interpretation, as both gallic acid and its esters show
potent reducing and metal-chelating activity across multiple
antioxidant assays [40].

The extract also contained several unsaturated fatty-acid
derivatives, including linoleic acid ethyl ester, 9,12-
octadecadienoic acid, and oleic-acid analogues. Although these
compounds are not as potent as phenolics on a per-molecule
basis, unsaturated fatty acids can mitigate oxidative damage by
slowing lipid peroxidation and interacting with lipid-phase
radicals, contributing to broader antioxidant protection in
biological systems [41,42]. The presence of palmitic and oleic
acids may also provide mild membrane-stabilizing or
cytoprotective effects under oxidative conditions, as reported in
plant-based antioxidant studies.

Taken together, the chemical profile indicates that the
antioxidant activity of the S. cumini ethanolic leaf fraction is
likely driven by the synergistic interaction of high-activity
phenolics with lipid-phase antioxidant contributions from
unsaturated fatty acids. This pattern aligns with previous
investigations demonstrating that S. cumini leaves are enriched in
phenolic acids, flavonoids, and bioactive lipids that collectively
enhance oxidative stability and biological antioxidant responses.

CONCLUSION

Syzygium cumini leaves demonstrate strong antioxidant potential
driven by their high phenolic content, potent free-radical
scavenging activity and a diverse profile of bioactive compounds
confirmed by FTIR and GC-MS. The ethanolic fraction showed
the highest activity, reflecting its enrichment in catechol,
pyrogallol and other tri-hydroxylated phenolics. /n vivo, the
extract restored catalase activity and reduced lipid peroxidation
in diabetic rats, indicating effective protection against oxidative
stress. These findings support S. cumini leaves as a promising
natural source of antioxidant agents with relevance for managing
oxidative stress-related conditions.
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