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Abstract: Dissotis erecta is a shrubby herb belonging to the Melastomataceae
family, commonly found in Nigeria. It is widely recognized for its diverse
ethnomedicinal applications, including treating edema, diarrhea, stomach
discomfort, and rheumatism. Alongside other plant parts, its flowers, rich in
biologically active compounds, are valued for their aesthetic appeal and
potential health benefits. This study assessed the antioxidant properties, total
phenolic, total flavonoid, and bioactive contents of the methanolic extract of D.
erecta flowers. The antioxidant properties were determined by the DPPH radical
scavenging activity, ABTS radical scavenging activity, ferric reducing activity,
and metal chelating assay. The extract demonstrated strong DPPH radical
scavenging activity, ABTS radical scavenging activity, metal chelating ability,
and reducing power, with IC50 values of 79.84 + 0.64 ug/mL, 125.77 + 2.64
pg/mL, 87.89 = 0.91 pg/mL, and 71.71 £ 0.55 ug/mL, respectively.
Phytocompounds such as alkaloids, sterols, and terpenoids were present in the
flower extract, while phlobatanins and glycosides were absent. Total phenolic
content was 57.47 = 0.21 mg GAE/g, while total flavonoid content was 83.52 +
0.31 mg QE/g. Gas chromatography-mass spectroscopy (GC-MS) analysis
identified a-terpineol (86.53%), nerolidol (7.44%), campesterol (1.12%), and
neocurdione (1.29%) as the predominant components. These findings indicate
that D. erecta flowers contain a significant amount of phytocompounds with
antioxidative properties that could potentially be useful in managing diseases
related to oxidative stress.

Introduction

Reactive oxygen/nitrogen species (ROS/RNS) such as
hydroxyl radicals, nitric oxide radicals, hydrogen
peroxide, superoxide anions, lipid peroxides, and
various singlet oxygen molecules can damage nucleic
acids, proteins, enzymes, and other biomolecules
within the body, leading to loss of structure and
function and potentially resulting in oxidative stress
(1). These ROS are implicated in the pathogenesis of
numerous degenerative and chronic diseases, including
Parkinson's disease, arthritis, cancer, diabetes, aging,
heart disease, and various neurodegenerative
conditions (2). Synthetic antioxidants like butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
and propy! gallate (PG) can scavenge ROS. However,
some of these compounds are inaccessible,

unaffordable, and potentially carcinogenic, raising
safety concerns. This has prompted the search for
safer, more accessible, and more potent alternatives to
plant-based materials.

Dissotis erecta is a medicinal plant that grows
abundantly in Nigeria. Traditionally, it has been used to
treat various ailments such as colds, fever, dysentery,
edema, stomach discomfort, cough, and rheumatism.
Research on this plant species is limited, although
Soyinka et al. (3-4) reported its leaf extracts'
antioxidant and antimicrobial activity. Additionally,
Dissotis rotundifolia has been documented to possess
antimicrobial, antioxidant, analgesic, and anti-infective
activities (5-6). Chemical investigation revealed the
presence of C-glycosyl flavones in D. rotundifola (7-8).
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Flowers occur widely in nature and are known for
their beauty, fragrance, diversity, and medicinal and
culinary properties. Numerous health benefits have
been linked with edible flowers, including
hepatoprotective, anti-inflammatory, antidiabetic,
anticancer, cardioprotective, antihemolytic activities,
etc. These health benefits are attributed to their rich
content of bioactive compounds such as phenolic acids,
flavonoids, anthocyanins, carotenoids, tocopherol,
terpene compounds, etc (9-11). To the best of our
knowledge, there are no scientific studies on the
antioxidant properties and phytochemical constituents
of D. erecta flowers, which are also rich in
phytocompounds. This study investigated preliminary
phytochemical constituents, levels of phenolics and
flavonoids, and antioxidant activity of the methanolic
extract of D. erecta flowers was investigated using
various in-vitro models.

Materials and Methods

Materials

The materials used included Dissotis erecta flower
extract, beaker, stirrer, mechanical shaker, distilled
water, hydrochloric acid, iron (lll) chloride, potassium
iodide, sodium carbonate, mercury (llI) chloride,
chloroform, sulphuric acid, acetic acid, trolox, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), acetic anhydride,
2,2-azinobis -3-ethylbenzothiazoline-6-sulphonic acid
(ABTS), ethanol, sodium phosphate buffer, potassium
ferricyanide, ferrozine, iron (llI) chloride, ascorbic acid,
trichloroacetic acid, methanol, sodium nitrite, sodium
hydroxide, aluminum chloride, Folin- Ciocalteu reagent,
gallic acid and quercetin (Analytical grade, Sigma
Aldrich, USA).

Sample Collection

Fresh flowers of Dissotis erecta (Guill. & Perr.) Dandy
was collected from the wild in Uruan Local Government
Area, Akwa Ibom State, Nigeria, in July 2022 and was
authenticated by Prof. Margaret Bassey, a Taxonomist
from the Faculty of Biological Sciences, University of
Uyo, with voucher number UUYH 4573. The flowers
were dried in an oven at 40 °C to constant weight,
powdered with an electric blender (Silver Crest;
SC1589, China), and stored in an airtight container.

Solvent Extraction

The powdered material (200 g) was soaked in
methanol in a conical flask, and the flask was placed on
a mechanical shaker (KJ-210BD, China) and macerated
for 48 h at 26 °C. This was followed by filtration of the
resulting solution and evaporation of the solvent in-
vacuo (RE 52A, TOPTION Instrument Co., China) to
obtain the crude methanol (MDE) extract.

Phytochemical Analysis
The qualitative preliminary phytochemical analysis of

the extract was performed using standard protocol
(12-13).

Alkaloids

The extract (5 mL) in a test tube was concentrated to
yield a residue. The obtained residue was dissolved by
adding 1.5 mL of 2% (v/v) HCI and three drops of
Meyer’s reagent (0.679 g of HgCl, and 2.5 g of Kl in
50 mL distilled water). The formation of a white
precipitate indicated the presence of alkaloids.

Phenols

The extract was mixed with 2 mL of 2% FeCl; solution
and observed for the formation of blue, green, or black
coloration.

Flavonoids
The extract was mixed with a few pieces of
magnesium, followed by a dropwise addition of
concentrated HCI. After a few minutes, the formation of
a pink scarlet color indicated the presence of
flavonoids.

Tannins

2 mL of 5% FeCl, was added to 2mL of the flower
extract and observed for the formation of yellow or
brown precipitates.

Saponins

The extract was mixed with 5 mL of distilled water and
shaken vigorously. The formation of stable foam
indicated the presence of saponins.

Terpenoids
A small amount of the flower extract was dissolved in
chloroform, and an equal volume of concentrated
H,SO, was added. Reddish-brown coloration at the
junction of two liquids indicated the presence of
terpenoids.

Sterols

The extract (2 mL) was mixed with chloroform. Overall,
1-2 mL of acetic anhydride was added, followed by one
or two drops of concentrated H,SO, from the side of the
test tube. An array of red, blue, and green colors
indicated the presence of sterols.

Glycosides

2 mL of glacial acetic acid, one drop each of 5% FeCl,,
and concentrated H,S0O, were added to 5 mL of the
extract. The appearance of a brown ring indicated the
presence of glycosides.

Evaluation of Antioxidant Activity

The antioxidant activity of the extract was determined
by evaluating its DPPH, ABTS radical scavenging
activities, ferric reducing, and metal chelating
potentials.
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DPPH Free Radical Scavenging Activity

The solvent extract was prepared by dissolving 0.01 g
of the flower extract in 10 mL of methanol, and the
concentration was adjusted to 10 - 200 ug/mL.
Precisely, 1 mL of this extract at varying
concentrations was mixed with 1 mL of 0.004%
methanol solution of DPPH. The mixture was shaken
vigorously and allowed to stand for 30 min at room
temperature in the dark. The reduction of the DPPH
radical was determined by measuring the absorption at
517 nm (Jenway 7305 Spectrophotometer, UK). The
procedure was repeated for the blank and control. The
radical scavenging activity was calculated using
Equation 1.

The sample concentration that provided fifty
percent inhibition (IC,,) was calculated from the graph
plotting the inhibition percentage against the extract
concentration. Trolox was used as a positive control.
(14).

ABTS Assay

In the ABTS assay, Li et al. (15) method was used with
minor modifications. Briefly, the ABTS radical was
generated by mixing 7 mM ABTS stock solution with
2.45 mM potassium persulfate, and the mixture was
left in the dark for 12-16 h at room temperature. The
resulting solution was diluted with distilled water to an
absorbance of 0.70 at 730 nm. 1 mL of different
concentrations of the flower extract (10-200 pg/mL)
was added to 4 mL of ABTS solution in labeled tubes,
and the tubes were incubated for 30 min, followed by
measuring the absorbance at 730 nm. Trolox was used
as a positive control. The radical scavenging activity
was calculated using Equation 1. The sample
concentration that provided fifty percent inhibition
(IC5,) was calculated from the graph plotting the
inhibition percentage against the extract
concentration.

Ferric Reducing Power

The ferric-reducing power was determined according to
a previously reported procedure (16). The sample (10 -
200 pg/mL) in ethanol (2.5 mL) was mixed with 2.5 mL
of 200 mM sodium phosphate buffer (pH 6.60) and 2.5
mL of 1% potassium ferricyanide. The resulting mixture
was incubated at 50 °C for 20 min. Thereafter, 2.5 mL
of 10% trichloroacetic acid (w/v) was added, and the
mixture was centrifuged at 200 g for 19 min. The upper
layer (5 mL) was mixed with 5 mL of deionized water
and 1 mL of 0.1% ferric chloride, and the absorbance

was measured at 700 nm against a blank. A higher
absorbance indicated a higher reducing power. IC,,
value (ug/mL) is the effective concentration at which
the absorbance was 0.5 for reducing power and was
obtained by interpolation. Ascorbic acid was used as
positive control.

Metal Chelating Activity

The metal chelating activity was determined according
to the method of Bouriche et al. (17) with some
modifications. Briefly, 0.5 mL of the extract was mixed
with 0.05 mL of 2 mM FeCl, and 0.1 mL of 5 mM
ferrozine. The total volume was diluted with 2 mL
methanol. Then, the mixture was shaken vigorously
and left at room temperature for 10 min. After the
mixture had reached equilibrium, the absorbance of
the solution was measured spectrophotometrically at
562 nm. The percentage inhibition rate of ferrozine -
Fe’* complex formation was calculated using Equation
2. A, = absorbance of ferrozine - Fe’* complex, and
A.npe = absorbance of sample. EDTA was used as a
positive control.

Determination of Total Phenolics

The extract's total phenolics concentration was
determined using the Folin - Ciocalteu reagent (18).
Briefly, 0.1 mL of extract was dissolved in 0.5 mL (1/10
dilution) of the Folin-Ciocalteu reagent, and 1 mL of
water/methanol (1:2) was added. The solution was
mixed and incubated at room temperature for 1 min.
After 1 min, 1.5 mL of 20% Na,CO, solution was added.
The final mixture was shaken and incubated for 2 h in
the dark at room temperature. The absorbance of the
extract was measured at 760 nm using a UV-Vis
spectrophotometer. Gallic acid was employed as the
standard, and the results were expressed in mg gallic
acid per gram (mg GAE/qg).

Determination of Total Flavonoids

A slightly modified version of the spectrophotometric
method was used to determine the total flavonoid
content of the extract. The extract (0.1 g) was mixed
with 20 mL of 80% aqueous methanol and filtered with
Whatman filter paper No. 42 to obtain a clear filtrate. A
0.5mL aliquot of this filtrate was taken in a test tube,
and 3 mL of distilled water and 0.3 mL of 0.5% sodium
nitrite were added. The solution was mixed and
allowed to stand at room temperature for 5 min. To this
solution, 0.6 mL of 10% aluminum chloride was added.
After 6 min, 2 mL of 1 M sodium hydroxide solution was
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added. The solution was then diluted with distilled
water to make the final volume up to 10 mL. The
absorbance was read at 510 nm. Flavonoid content
was calculated using a standard calibration curve
prepared from quercetin. (19).

GC-MS Analysis

A GC (Agilent 190915-433, Agilent Technologies, USA)
interfaced with a mass spectrometer, and a capillary
column (length, 30 m; thickness, 0.25 m; diameter,
0.25 mm) was employed to analyze the sample. Helium
gas (99.999%) was the carrier gas at 1 mL/min, and a
sample injection volume of 1 yL was at a split ratio
(10:1). The oven temperature progressed from 80 °C,
with an increase of 5 °C/min, to 250 °C and maintained
at 325 °C. The ion source was set at 230 °C, and the
ionization voltage was at 70 eV. Interpretation of GC-
MS was conducted using the National Institute of
Standard Technology database. The mass spectrum of
the unknown compound was compared with the
spectrum of the known compound available in the NIST
library (20).

Statistical Analysis

All experiments were performed in triplicate. Results
were presented as mean x SD. IC,, values were
calculated by non-linear regression. Pearson’s
correlation analysis between variables was performed
using Statistical Package for the Social Sciences (SPSS
Version 20.0, IBM Corp, USA).

Result and Discussion

Interest in finding naturally occurring antioxidants from
plants that can retard the development of oxidative
stress-related maladies has been on the increase in
recent years. Synthetic antioxidants are limited
because they are expensive, toxic, and carcinogenic
(21). Therefore, identifying natural, safe, and readily
accessible alternatives from plants becomes
imperative. Plants are rich sources of bioactive
phytoconstituents with pharmacological activities,
including antioxidant capabilities, which can retard the
development of oxidative stress-related maladies (2-3).
Research has indicated that antioxidant activity should
not be established on a single experimental model.
Rather, several experimental models should be taken
into consideration (3). In this study, we evaluated the
content of phytochemicals and antioxidant activity of
the methanolic extract of D. erecta flowers by
measuring its DPPH and ABTS radical scavenging
activities, metal chelating ability, and ferric-reducing
potential.

Phytochemical analysis of the extract (Table 1)
revealed the presence of alkaloids, flavonoids,
saponins, sterols, phenols, tannins, and terpenoids,
while phlobatannins and glycosides were absent. These
findings agree with previous reports on the ethanolic

flower extracts of Delonix elata and Tagetes minuta
(22-23). Similarly, a study on the methanolic flower
extract of Bromelia laciniosa (Bromeliaceae) identified
anthraquinones, coumarins, flavonoids, and tannins as
the phytocmpounds present (24). Furthermore,
phytochemical analysis of Eichhornia Crassipes
methanolic flower extract revealed the presence of
flavonoids, saponins, and terpernoids, while alkaloids
and steroids were absent. (25). The presence of
alkaloids, flavonoids, tannins, phenols, sterols, and
terpenoids in D. erecta flowers suggests potential
therapeutic benefits, as these secondary metabolites
are known for their diverse biological activities,
including anti-inflammatory, antidiabetic, antioxidant,
and anticancer properties ( 24-26).

Table 1. Qualitative phytochemical analysis of
methanolic extract of D. erecta flowers.

Test type Extract

Alkaloids +
Flavonoids +
Saponins +
+
+

Sterols
Tannins
Phlobatannins
Glycosides
Phenols
Terpenoids

+
+

In the DPPH assay, the scavenging effect of the
extract on the DPPH radical increased in a dose-
dependent manner (Figure 1A), with the extract
scavenging 40.2% of the DPPH radical at 10 pg/mL and
75.4% at 200 pg/mL respectively. However, this was
lower than the scavenging ability of the standard
Trolox, which scavenged 92.85% of the radical at 200
ug/mL.

Based on this study, our extract exhibited lower
DPPH scavenging activities (IC;, = 78.84 = 0.64 ug/mL)
(Table 2) than the methanolic extract of
Pyrostegiavenusta flowers (IC;, = 0.026 = 0.40 mg/mL)
(21). Still, it was higher than various cultivars of
Chrysanthemum morifolium (IC;, = 1.2 + 0.1 mg/mL to
7.1 =+ 0.2 mg/mL) and Citrus aurantium (IC,, = 87
ug/mL) flowers (27-28). Factors such as the content of
phytocompounds in flowers, climate, soil composition,
and plant species may be responsible for this variation
in DPPH activity (29).

Similar to the DPPH assay, the ABTS radical
scavenging assay is widely used to assess the radical
scavenging activity of compounds and extracts. In this
assay, antioxidants neutralize the ABTS radical by
transferring either electrons or hydrogen atoms to the
ABTS chromophore. Methanolic extract of D.
erecta flowers were rapid and effective scavengers of
ABTS radical in a concentration-dependent manner
(Figure 1B).
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Figure 1. (A) DPPH radical scavenging, (B) ABTS radical scavenging, (C) metal chelating, and (D) ferric reducing
activities of methanolic extract of Dissotis erecta flowers in various concentrations.

Table 2. Total phenolics, flavonoids, and antioxidant activity of methanolic extract of D. erecta flowers.

Controls
Parameter Extract Trolox** Trolox*" Ascorbic acid* |EDTA*
DPPH assay* 79.84 £ 0.64 13.52 £ 0.13
ABTS assay* 125.77 £ 2.64 7.69 = 0.29
Metal chelating activity* 87.89 + 0.91 11.82 £0.15
Reducing power* 71.71 £ 0.55 7.34 £0.12
Total phenolics® 57.47 £ 1.29
Total flavonoids® 8352 +1.14
Note: *IC,, (ug/mL) is the effective concentration where DPPH and ABTS radical is scavenged by 50%, ferrous ion is
chelated by 50% and the absorbance is 0.5 for reducing power. IC,, was obtained using the regression equation. °DPPH
assay, "ABTS assay; ‘mg GAE/g; °‘mg QE/g.

Generally, our extract exhibited better ABTS
scavenging abilities (IC,, = 125.77 + 2.64 ug/mL) than
flowers of Targetespatula (IC5, = 0.684 + 0.015 TEAC
mM/g) and Rosarugosa (ICy, = 1036.75 + 8.82 uM TE/qg)
while higher scavenging ability was reported for
flowers of Calendulaofficinalis (ICy, = 0.124 + 0.22
TEAC mM/qg), Violatricolor (IC;, = 0.454 = 0.44 TEAC
mM/g) (30-31).

The metal chelating activity of the extract was also
evaluated. This is important as transition metals such
as iron can catalyze hydroperoxide decomposition and

Fenton-type reactions. Therefore, the ability of an
extract to chelate or deactivate transition metal may
be regarded as an important antioxidant mechanism
(32). In this study, the chelating ability of the D. erecta
flower extract increased with increasing extract
concentration. At a 200 pg/mL concentration, the
extract exhibited a 73.2% metal chelating ability
(Figure 1C). This was, however, lower than that of the
standard EDTA, with a chelating ability of 94.25% at
the same concentration. Lower values were also
reported for Melaleuca cajuputi flowers (33).
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Like the DPPH assay, the reducing power of the
extract also increased in a dose-dependent manner
(Figure 1D). The result from this study indicated that
the extract had a stronger reducing ability (IC,, =
71.71 pg/mL) than Cocusnucifera ethanolic flower
extract (IC;, = 89.84 pg/mL), suggesting a greater
ability of the extract to break the free radical chain by
hydrogen donation (34).

The total phenolic and total flavonoid content of the
extract showed that the extract was a rich source of
phenolic compounds (57.47 = 1.29 mg GAE/g and
83.52 = 1.14 mg QE/qg, respectively). Phenolics are
powerful antioxidants whose activity is structure-
related. They scavenge reactive species, chelate
transition metals, and initiate deleterious free radical
reactions (35). The phenolic content in this work was
higher than reports for edible flower extracts from
Portugal (36).

Overall, the extract exhibited strong antioxidant
activity (IC;, <150 ug/mL) in the various in-vitro models
and could work through a variety of mechanisms,
including scavenging radicals by either hydrogen
donation or transfer of electro, sequestering transition
metals, decomposing hydrogen peroxides, quenching
active pro-oxidants and enhancing endogenous
antioxidant defense (37-38).

The correlation between the antioxidant assays and
phenolics was also evaluated, as depicted in Table 3.
Total phenolics showed a good correlation with DPPH

OH OH
HO o) O
HO © |
x S = OH
M)
HO
@ ©

)]

OH O

activity (R* = 0.85), ABTS activity (R* = 0.71), metal
chelating capacity (R* = 0.98), and reducing power (R’
= 0.95). A similar result was observed for total
flavonoids. This result is in agreement with reports that
antioxidant activity is related to the content of
phenolics. Similarly, there was a positive correlation
between total phenolics and total flavonoids,
suggesting phenolics' importance in the extract's
observed antioxidant activity (32, 39).

Table 3. Correlation between antioxidant assays, total
phenolics and total flavonoid.

DPPH|ABTS(MC (RP |TP |TF
DPPH|1
ABTS[0.79 |1
MC 10.98 (0.77 |1
RP  [0.95 |0.83 |0.89]|1
TP 0.85 |0.71 (0.92]0.68]|1
TF 0.96 |0.78 (0.91]0.99|0.71|1

GC-MS analysis (Figure 2) revealed the presence of
a-terpineol, nerolidol, campesterol, and neocurdione as
the major components. B-sitosterol, kaempferol,
aminocaproic acid, piperidine, 1,1'-thiobis,
a-panasinsen, 1-(piperidin-1-yl) tetradecane-1-one and
quinoline-2(1H)-one,1,1-di(hydroxymethyl)- were also
identified in trace amounts. a-terpineol is a volatile
monoterpenoid alcohol found in several aromatic
plants with wide applications in medicine and industry.

()

S
CCL
HNﬁ i :
OH OH
(1)

0
NN NN NN N i
O N~~~y
(m

(19)

Figure 2. Major compounds identified from GC-MS analysis of methanolic extract of Dissotis erecta flowers. Note: (1)
Nerollidol, (2) alpha-terpineol, (3) kaemperol, (4) campesterol, (5) neocurdione, (6) beta-sitosterol, (7) quinolin-2(H)-
one-1,1-di(hydroxymethyl)-, (8) piperine-1,1'-thiobis, (9) (-)alpha-panasinsen, (10) 1-(piperidin-1-yl)-tetradecane-1-one,
and (11) amino caproic acid.
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Notable biological activities exhibited by this
compound include antioxidant, anticancer,
anticonvulsant, antiulcer, antihypertensive,
antinociceptive, anti-bronchitis, insecticidal, and skin
penetrating enhancing activities (40). Nerolidol,
kaempferol, B-sitosterol, and piperidine, 1,1’ thiobis
have shown numerous pharmacological activities,
including antioxidant, antitumor, anti-inflammatory,
cardioprotective, antidiabetic, anti-arthritis,
antibacterial, and antidepressant activities (41-43).
These phytocompounds in the D. erecta flower extract
may be responsible for the observed antioxidant
properties.

Conclusion

The methanolic extract of D. erecta flowers
demonstrated potent antioxidant activity across
multiple in-vitro models and was rich in
phytocompounds. The GC-MS analysis identified a-
terpineol, nerolidol, campesterol, kaempferol, B-
sitosterol, and neocurdione as the key compounds
responsible for the extract’s antioxidant properties.
This study indicates that flowers could be an excellent
source of alternative and sustainable plant-based
antioxidants, potentially playing a crucial role in
managing diseases related to oxidative stress.
Additionally, the findings highlight the future potential
of D. erecta in pharmaceutical, nutraceutical, and
cosmetics applications, encouraging further research
into its bioactive composition and therapeutic benefits.
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