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Homalanthus macradenius is endemic to the Philippines and is one of the seven species of the
genus utilised to treat various health problems in traditional medicine. This study was undertaken
to evaluate the safety of H. macradenius leaf ethanolic extract through acute oral toxicity in Swiss
albino mice per Organization for Economic Cooperation and Development (OECD) guidelines
423; determine the phytochemical constituents through High-Performance Thin-Layer
Chromatography; quantify the total phenolic and flavonoid content; and to assess its bioactivities

such as antioxidant, antibacterial, and anti-inflammatory potentials. Acute oral toxicity of H.
macradenius ethanolic extract at 300 mg/kg, 2000 mg/kg, and 5000 mg/kg revealed no mortality.
The HPTLC chromatogram displayed different colours of bands ranging from blue, purple,
yellow, green, and orange with an Rf value of 0.10 to 0.81, which indicates the presence of
different phytochemical constituents of the plant ethanolic extract. The total phenolic and
Copyright: © 2025 Mabolo et al. This is an open-  flavonoid contents were 8.07+0.01 mg GAE/g and 33.86+0.03 mg QE/g, respectively. Antioxidant
access article distributed under the terms of the  activity was found to be 15.68+0.02 mg AAE/g. The extract exhibited antibacterial activity with
Creative Commons Attribution License, which  minimum inhibitory concentrations against Enterococcus faecalis, Staphylococcus aureus, and
permits unrestricted use, distribution, and reproduction  Pseudomonas aeruginosa at 1.562+0.09 mg/mL, 12.5+0.15 mg/mL and 25+0.03 mg/mL,
in any medium, provided the original author and  respectively. The percent in vitro COX-2 inhibitory activity showed 92.30+0.73% at 100 ppm and

source are credited.

60.51+4.02 % at 10 ppm with a selectivity ratio (COX-2/COX-1) of at most 1.07. Based on the

findings, H. macradenius extract did not show oral toxicity in mice and possessed antioxidant,
antibacterial, and anti-inflammatory activities, revealing its potential for future drug development.
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Introduction

Plants have been used as medicinal materials since ancient
times, and several are globally recognised as medicine.! As the World
Health Organization suggests, traditional medicines and natural plant
products are the main sources of primary healthcare for most people
living in underdeveloped nations like the Philippines.? Plants have
medicinal properties due to their phytochemical components, which
have specific pharmacological effects on the human body.
Additionally, phytochemicals are recognised for their biological
activity, which significantly enhances the antimicrobial effectiveness of
plants.* Among the commonly used medicinal plants are the genus
Homalanthus from the Euphorbiaceae family. Homalanthus
macradenius is considered endemic in the Philippines® and it is one of
the seven Homalanthus species that have been utilised to treat various
health problems in traditional medicine.
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It is reported that some species of the genus show biological activities
such as antimicrobial, wound-healing properties, anti-HIV, anti-
protozoal, and estrogenic.® H. macradenius is typically utilised among
the Manobo community in Agusan, a province in Mindanao,
Philippines. The leaves cure cuts and wounds7 and alleviate diarrhoea,
stomach problems, and impetigo.? However, there is limited
information available on the biological activities of H. macradenius;
therefore, further research is needed to explore the specific biological
activities and potential medicinal uses of this species and further
examine its safety. According to the Organization for Economic
Cooperation and Development (OECD) guidelines, toxicological
studies are essential in animals like rats, mice, guinea pigs, rabbits, and
monkeys to establish the safety and efficiency of a new drug.
Toxicological studies help to decide whether a new drug should be
adopted for clinical use. Depending on the duration of drug exposure to
animals, there are three types of toxicological studies, namely, acute,
subacute, and chronic toxicological studies. This study was undertaken
to analyse the phytochemical constituents through high-performance
thin-layer chromatography and quantify the total phenolic and
flavonoid contents of the leaf extract of H. macradenius. It also
evaluated the safety through acute oral toxicity assay and its
antioxidant, antibacterial, and anti-inflammatory activities.
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Materials and Methods

Collection and Identification of Plant Sample

Samples of H. macradenius leaves were collected from a private farm
in Barangay Kahusayan, Kitaotao, Bukidnon, Philippines, on February
12, 2024 (Figure 1). The plant sample (Figure 2) was identified and
confirmed by the University Museum at Central Mindanao University,
University Town, Musuan, Maramag, Bukidnon, where herbarium
samples were deposited with accession number (CMU No. 00015806).

Kitaotao o
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Preparation of Leaf extract

Young leaves of H. macradenius were collected and washed thoroughly
with distilled water and air-dried for two weeks. The samples were
weighed, air-dried, and pulverised using an Osterizer blender. The leaf
powder (400 g) was soaked in 2L of ethanol (100%) for 72 hours. The
filtrate was obtained and concentrated using a rotary evaporator at 40°C.
The dried ethanolic extract of H. macradenius was stored at 4°C until
further use.
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Figure 1: The location where the specimen was collected, a) Map of the Philippines, b) Map of Bukidnon with Municipality of Kitaotao
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Figure 2: Actual photograph of H. macradenius. a) adaxial view, b) abaxial view of the leaves, and c) the stem and terminal bud of the

plant

High-Performance Thin-Layer Chromatography

An Automatic TLC Sampler (ATS 4) and an Automatic Developing
Chamber are features of the HPTLC system (CAMAG, Muttenz,
Switzerland). Software for analysis included visionCATS 2.5, ADC 2,
Scanner 4, TLC Visualizer, Immersion Device 3, and Plate Heater. The
method was adopted from Ang et al. (2022) wherein on an HPTLC
aluminium-backed plate (silica gel 60 F254; 20 x 10 cm; Merck),
precisely 2 pL, 3uL, and 4pL of sample extracts in methanol were
spotted separately under a nitrogen stream. Following sample
application, the plate was developed using ethyl acetate: formic acid:
water (80:10:10) as a mobile phase in a 20 x 10 cm twin trough glass
chamber that had been pre-saturated. The chromatogram was then
viewed in white and UV light at 254 nm and 366 nm, respectively. After

that, the plate was air-dried for five minutes under the fume hood,
submerged in the Natural Product (NP) reagent (immersion speed: 5
cm/s; dwell time: 1 s), and viewed under UV light at 366 nm. Natural
Product (NP) reagent contains 2-aminoethyl diphenyl borate and ethyl
acetate. 2° The experiment was performed in triplicate to ensure the
accuracy and reliability of the results.

Total Phenolic Content Determination

The total phenolic content (TPC) of H. macradenius ethanolic extract
was analysed following the method described by Hudz et al.,® with a
slight modification of the solvent used. A 200 pL test solution was
mixed with 200 uL of 10% Folin-Ciocalteu reagent and 800 pL of 10%
sodium carbonate in an Eppendorf tube. The tube was inverted five
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times to mix correctly. The reaction mixture was cooled to room
temperature after two (2) hours of incubation and then centrifuged for
3 minutes at 11000 rpm. The absorbance at 750 nm was obtained after
loading 200 pL of the reaction mixture into a 96-well microplate. The
standard calibration curve was plotted using gallic acid. From the
calibration curve, the amount of TPC was determined and reported in
milligram gallic acid equivalents per gram dry extract (mg GAE/g. The
extracts' total phenolics were estimated in triplicate samples, and the
results were averaged.

Total Flavonoid Content Analysis

Total flavonoid content (TFC) in H. macradenius ethanolic extract was
analysed with aluminium chloride reagent using the colourimetric
method adapted from Koley et al. (2018)*° with a slight modification in
the volume of extract used. Aliquot (50 uL) of each extract was placed
in a 96-well plate containing 10 pL of 10% aluminium chloride, 130 uL.
of 100% ethanol, and 10 pL of 1 M sodium acetate. The mixtures were
incubated for 40 minutes at room temperature in the dark. The
absorbance at 415 nm was measured using Spectramax. TFC was
expressed as mg of quercetin equivalents per gram of dry weight (mg
QE/g DW) through a calibration curve with quercetin. All samples were
performed in three replicates, and the results were averaged.

Total Antioxidant Activity

The Total Antioxidant Activity (TAA) of H. macradenius was
determined using the phosphomolybdenum assay method described by
Prieto et al.** with slight modification. The test solution was mixed with
600 pL phosphomolybdenum reagent (28mM sodium phosphate, 4mm
ammonium molybdate, 95% sulphuric acid), then incubated at 95°C for
90 minutes and cooled at room temperature before centrifuging for three
minutes at 11000 rpm. A 200 pL reaction mixture was loaded in a 96-
well microplate, and the absorbance was read at 695 nm. The calibration
curve was plotted using the ascorbic acid standard. The TAA was
expressed in ascorbic acid equivalents per gram (mg.AAE/g). The
estimation of total antioxidant activity in the extracts was carried out in
triplicate, and the results were averaged.

Acute Oral Toxicity

Acute oral toxicity assay was carried out as approved by the
Institutional Care and Use Committee (IACUC) with protocol number
2024-033D.

The Experimental Animals

The experiment was conducted on 12 healthy Swiss albino female mice
weighing 25 g to 35 g and aged 8 to 10 weeks.'2 Three (3) mice were
used in each test dosage. The mice were housed in cages, acclimatised
for 1 week, and maintained on a 12-h light/dark cycle at 23°C with
constant humidity. Drinking water and food were provided ad libitum,
except for the short fasting period, where only water and no food were
supplied 12 hours before treatment.

The crude extract was suspended in a vehicle (10% DMSO) instead of
water since the plant extract was not soluble in water. Following the
fasting period, the body weight of the mice was determined, and the
dose was calculated in reference to the body weight, as the volume of
the extract solution given to the mice was 1 mL/kg. The administration
of doses was performed according to paragraph 20 of Organization for
Economic Cooperation and Development (OECD) 423 guidelines,
wherein, when there is no information on a substance to be tested and
for animal welfare reasons, it is recommended to use a starting dose of
300 mg/kg body weight and that the onset, duration, and severity of
toxic signs determined the time interval between treatment groups.
Treatment of animals at the next dose was delayed until one was
confident of the survival of the previously dosed animals. After 300
mg/kg administration, a close observation was done in the experimental
mice. After a day, 2000 mg/kg was also administered and observed.
Paragraph 21 of OECD guideline 423 suggests that exceptionally, and
only when justified by specific regulatory needs, an additional upper
dose level of 5000 mg/kg body weight may be considered. This study
used three (3) different dosages (300 mg/kg, 2000 mg/kg, and 5000
mg/kg), and distilled water was also administered as a normal control.
Each treatment was performed in three (3) replicates, which means three
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(3) mice were subjected to each treatment and all the test substances
were administered in a single dose by gavage using a stomach tube.
After oral administration, food was provided to the mice after
approximately one to two hours. The mice were observed in detail for
any toxicity effect within the first six hours after the treatment period
and daily for 14 days. Surviving animals were weighed, and visual
observations were noted individually after 30 minutes, 4 hours, 24
hours, 48 hours, 1 week, and 2 weeks and the following parameters were
observed and recorded: respiration, alertness, grooming, pain, tremors,
pupils, salivation, food intake, water intake, urination, diarrhoea, skin
colour, skin fur, lacrimation, convulsion, coma, hyperactivity, sleep,
and mortality.*3

Antimicrobial Susceptibility Testing

Antibacterial activity of the crude extract was tested against medically
important gram-positive and gram-negative bacteria obtained from the
Philippine  National Collection of Microorganisms (PNCM),
BIOTECH, University of the Philippines Los Bafios Laguna:
Staphylococcus aureus BIOTECH 1582, Enterococcus
faecalis BIOTECH 10348 and Pseudomonas aeruginosa 1335.
Bacteria were standardised to 0.5 McFarland standard before being used
in the assay. Briefly, an isolated colony from a 24-48 hours culture of
the test organisms was inoculated in 10 mL Miller's Luria broth tubes
and incubated at room temperature for 8-10 hours with continuous
shaking. After incubation, the optical density of the cultured organisms
was checked and adjusted to 0.08 to 0.13 at 625 nm in the microplate
reader. Blank subtraction was done if the optical density of the blank
wells was nearly close to the media wells.

Minimum inhibitory concentration was determined following the micro
broth dilution method of the Clinical and Laboratory Standards Institute
(CLSI) with some modifications. A 50 mg/mL extract stock solution
was prepared and diluted with 5% DMSO. The solution was then
serially diluted two-fold across eight dilutions, resulting in a
concentration range from 25 mg/mL as the highest to 0.195 mg/mL as
the lowest. Briefly, 100uL of the plant extract sample (50mg/mL) was
pipetted to Al. Then, 50 uL from Al was serially pipetted to the
subsequent 7 wells (A2—AR), initially containing 50 L of sterile broth.
Then, 50 uL from A8 was pipetted and discarded so that each well
contained 50 plL, after which 50 uL of the standardised bacteria were
added to A1-A8, increasing the final volume to 100 uL. This process
was repeated in B1, C1, and D1 for the replicates. Four controls were
observed: solvent extraction (10% DMSO), ampicillin as antibiotic
control, growth control (standardised inoculum), and sterility control
(Miller's LB broth) (Figure 3). The plate was incubated at 37°C for 24
hours. After overnight incubation, 10 upL of alamarBlue™
(ThermoFisher) dye reagent was added to the wells and incubated
further for one hour at 37°C. Colour changes in the wells were detected
visually and via fluorescence and absorbance. Blue indicates no cell
growth while pink indicates cellular growth.s

" 00000®0@  @O®
s 1| 00000000 HOO®
0000000 @ HO®OO
D L 100
E
F
a1 0 O0® @
QLICIOCICI T [T [OC)

- 7

: © Plant Extract Standardized Bacteria
g Solvent (10% DMSO) Broth (Sterility Control)
g @ Ampicillin

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

286



Trop J Nat Prod Res, January 2025; 9(1): 284 - 294

Figure 3: 96 well plate design in Minimum Inhibitory
Concentration

Cyclooxygenase (COX) Inhibition Assay

The COX inhibition assay was performed following the procedure
outlined by Bonner and Fry (2012) with minor modifications.* Initially,
5.18 mL of 100 mM Tris buffer at pH 8 was added to a clean vial.
Separately, 96 pL of COX-2 and COX-1 (SIGMA-ALDRICH)
enzymes (250 U/mL) and 480 pL of 20 uM Hematin (SIGMA-
ALDRICH) were mixed and combined with the buffer to create the
enzyme-cofactor solution. A volume of 120 pL of this enzyme-cofactor
mixture was transferred into each well that had previously received 50
pL of the same buffer. Subsequently, 10 pL of 10 pg/mL and 100
pg/mL plant extracts in DMSO were added to each well. For controls,
10 pL of 4mM indomethacin (SIGMA-ALDRICH) in 100% DMSO and
5% DMSO were used as positive and negative controls, respectively.
After incubating the mixture at 27°C for 15 minutes, 10 pL of 200 uM
Amplex Red (10-acetyl-3,7-dihydroxyphenoxazine)  (SIGMA-
ALDRICH) and 10 pL of 2000 pM arachidonic acid (SIGMA-
ALDRICH) were added to each well. The reaction mixture was then
mixed and purged with N.. The reaction was monitored for 3 minutes
using a microplate reader, with absorbance set at 535 nm and emission
at 590 nm. Fluorescence intensity was recorded every 12 seconds for 3
minutes. To determine the % inhibition, the average slope of each
replicate was calculated using the formula:

% Inhibition = Slope uninhibited — SIOPE inhibited % 100
Slope uninhibited
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, where the Slope uninhibited is the slope of the line from the
fluorescence vs time plot of the negative control group, and the Slope
inhibited is the slope of the line from the fluorescence vs time plot of
the samples/positive control.*

Statistical analysis

All experimental measurements were carried out in triplicate and are
expressed as the average of three analyses. The data were expressed as
the mean + SD. One-way analysis of variance (ANOVA) was used to
express the significance of differences (p<0.05) between means, and the
data was analysed using the Statistical Package for the Social Sciences
(SPSS) program.

Results and Discussions

This study highlights the significant role of phytochemical compounds
in enhancing the antioxidant, antibacterial, and anti-inflammatory
properties of H. macradenius leaf ethanolic extract. HPTLC
chromatogram results revealed the colour and location of the bands after
the derivatisation with the natural product reagent, as indicated by Rf
values ranging from 0.10 to 0.81 (Figure 1 & Table 1). A chromatogram
with an excellent resolution of neighbouring peaks was obtained by
optimising the chromatographic conditions. Different solvent systems
consisting of ethyl acetate, formic acid, water, and acetic acid in various
ratios were tested to separate the compounds. The best resolution of
peaks was obtained from the ternary solvent solution containing ethyl
acetate: formic acid: water (80:10:10) and with this solvent system or
mobile phase, a preeminent separation with distinct Rf difference and a
successful baseline separation of the bands was obtained.

Table 1. HPTLC profile of the H. macradenius ethanolic extracts using Ethyl Acetate: Formic Acid: Water (80:10:10) under 366 nm as mobile phase and

Natural Product as a derivatising agent.

Range of R¢ 2uL 3uL 4nL
Values
R¢ Color Rt Color R¢ Color
0.00-0.20 0.10 Blue 0.09 Blue 0.09 Blue
0.21-0.40 0.17 Yellow 0.17 Yellow 0.16 Yellow
0.21-0.40 0.26 Yellow 0.26 Yellow 0.25 Yellow
0.30 Blue 0.30 Blue 0.30 Blue
0.33 Yellow 0.33 Yellow 0.33 Yellow
0.36 Dark Blue 0.36 Dark Blue 0.36 Dark Blue
0.41-0.60 0.42 Blue 0.42 Blue 0.42 Blue
0.50 Orange 0.49 Orange 0.48 Orange
0.55 Yellow 0.55 Yellow 0.55 Yellow
0.61-0.80 0.62 Green 0.61 Green 0.61 Green
0.81-1.00 0.81 Purple 0.81 Purple 0.81 Purple
0.93 Red 0.92 Red 0.92 Red
0.96 Red 0.95 Red 0.95 Red
0.97 Red 0.97 Red 0.97 Red

The peaks with Rf values ranging from 0.92 to 0.97 are assumed to be
the plant chlorophyll content. Different phytochemicals may be
represented by bands of differing colours at different Rf values. The Rf
value showed the position at which a substance is located in the
chromatogram. Moreover, the densitogram obtained in this study
illustrated that fourteen peaks were present in H. macradenius ethanolic
extract when the mobile phase containing ethyl acetate: formic acid:
water (80:10:10) and derivatisation with Natural Product reagent was
used (Figure 5). Three (3) out of the fourteen (14) peaks are said to be
chlorophyll, and therefore, eleven (11) peaks are considered to be

secondary metabolites of the plant extract. The peaks indicate the
presence of phytoconstituents, and each peak on the chromatogram
represents a component that is separated from the mixture based on its
affinity for the stationary and mobile phases.

Phenolic acids and anthocyanins are responsible for the blue
fluorescence and purple bands, while flavonoids show up as orange or
yellow bands and chlorophylls are fluorescing brilliant red,
respectively.'®7 Based on the present result, the HPTLC chromatogram
of the ethanolic extract of H.macradenius may contain phenolic acids,
flavonoids, and anthocyanins. HPTLC analysis of H. macradenius
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revealed the presence of phenolics and flavonoids, which is consistent
with their known presence in plants of this family. This finding aligns
with the previous report of Jafaar et al.'®, in which flavonoids and
phenolic acids were detected in analysed fractions using ethyl acetate
and n-butanol as solvent solutions. Quercetin and rutin were the main
flavonoids identified in ethyl acetate/n-butanol fraction before
hydrolysis; quercetin was the main detected aglycone in acidic
hydrolysed fractions. Chlorogenic acid and caffeic acid are only

detected in n-butanol fractions. Another study by Rajasudha and frond ethanolic extract of D. esculentum, which displayed the

Manikandan®® on Euphorbia hirta using acetone, chloroform, ethyl distinctive colour of purple and blue could include phenolic acids and
acetate, methanol, and hydro-alcohol (70% Methanol) as extraction anthocyanin.?
<+— Anthocyanin

0.94
084
0.74
064
sl ] Flavonoids
044
0.3
024
0.14
1 2 3 4 5 6 7 8 9

solvents and employed for phytochemical screening reported that all the
concentrates demonstrated and revealed the presence of flavonoids in
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that the HPTLC chromatogram of the frond ethanolic extract of D.
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According to Francis and Anderson?!, many HPTLC methods have
been created and effectively used to separate polyphenols from other
plant extract constituents as well as from one another.?! HPTLC
chemoprofile accurately and efficiently confirms the presence of
constituents, and it is highly sensitive scanning densitometry for rapid
chromatogram evaluation and documentation.?? Since medicinal plants
produce many secondary metabolites, it is necessary to have dependable
methods for efficiently analysing and separating them. The HPTLC
technique has emerged over the last 20 years as a crucial tool for the
identification, quantification, and quality assessment of secondary
metabolites in medicinal plants?® and understanding the chemical
components of plants is vital because it may provide new sources of
compounds and precursors for the creation of new chemical
constituents that can be utilised in pharmaceuticals.?*

Meanwhile, in the quantitative screening of the extract, the Total
Phenolic content (TPC) was found to be 8.07+0.01mg GAE/g, whereas
it was found that the flavonoid content of the plant extract in 1000 ppm
was the same as the concentration of the TPC and TAC and was found
to be 33.86+0.03mg QE/g. These numbers provide insightful
information regarding the concentration of phenolic and flavonoids.
Moreover, total Antioxidant Activity (TAA) was 15.68+0.02mg
AAE/g.

The results of measuring the absorbance of gallic acid standard
solutions with a concentration series of 0 - 16.5mg/mL were obtained
in the form of a calibration curve with a linear regression equation, y =
0.0645x + 0.0226 R2 = 0.9959 (Figure 6). The extract samples (Table
2) have a total phenolic content of 8.07+0.01 mg GAE/g. According to
this finding, there were 8.07mg of phenolic compounds in every gram
of H. macradenius crude leaf extract at 1000 ppm. Phenolic compounds
are secondary metabolites and have been recently widely studied due to
their biological effects, which could benefit human health.?® Our study
revealed that the phenolic content was lower compared to the findings
of Munthe et al.?’, where the total phenolic contents of 276.96
mgGAE/g and 294.96 mgGAE/g, employing a plant extract
concentration of 1000 ppm in the 70% ethanol extract of P. americana
seeds.?” Conversely, the present data indicates a lower phenolic content
compared to a study on Homalanthus nutans, which reported a
quantitative estimation of phytochemicals, specifically phenolic
content, is said to be at 20 mg/g.?® A concentration series of 0 - 25
mg/mL, the standard quercetin absorbance measurements' results were
achieved as linear regression, with y = 0.0394x - 0.0031 and a value of
R2=10.9996 (Figure 7). Table 3 showed that the extracted sample had a
total flavonoid content of 33.86+0.03 mg QE/g.

Table 2: Total Phenolic Content of H. macradenius extract at

1000ppm
Replicate Concentration TPC Absorbance
GAEmg/g.
1 1000 ppm 8.02
2 1000 ppm 8.05
1000 ppm 8.12
X £ RSD 8.07+0.01mg
GAE/g

*x= mean value, RSD= relative standard deviation (the absolute value
of the coefficient of variation)

Table 3: Total flavonoid Content of H. macradenius extract at
1000ppm

TFC Absorbanc
QEmg/g.

Replicate Concentration
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1 1000 ppm 33.08
1000 ppm 33.55
1000 ppm 43.95

X+ RSD 33.86+0.03mg
QE/g

*x= mean value, RSD= relative standard deviation (the absolute value
of the coefficient of variation)

This result indicates that 8.07 mg of quercetin is present in every gram
of H. macradenius crude leaf extract at 1000 ppm. The present study
showed the presence of flavonoids and its derivatives. Flavonoids are
compounds found naturally in plants that are thought to benefit human
health. Flavonoids have been shown to have antibacterial, antiviral,
anti-inflammatory, anticancer, and anti-allergic properties. A study by
Bravo (1998) stated that flavonoids are highly effective scavengers of
most oxidising agents, including singlet oxygen and other free radicals
implicated in multiple illnesses. The principal components of medicinal
plant polyphenols, flavonoid chemicals, have been extensively studied
as one of many medicinal plants' most essential antioxidant elements.?
These findings are consistent with the study of Rizk®, highlighting the
prevalence of flavonoids, particularly flavones and flavonols, within the
Euphorbiaceae family. These compounds are commonly found as
methyl ethers of 0- and C-glycosides. Numerous taxa within the family
exhibit significant quantities of the well-known flavonols quercetin and
kaempferol, along with their respective glycosides.*
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Figure 6: Calibration Curve of the Gallic Acid Standard for
Total Phenolics
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Figure 7: Calibration Curve of the Quercetin Standard for Total
Flavonoids

The phosphomolybdate method is quantitative for determining the total
antioxidant content (TAC), expressed as gallic acid equivalents. This
approach provides a composite estimate of the antioxidant content of
the ethanolic and methanolic extract's chemically varied phenolics and
flavonoids.®* This study measured TAC through ascorbic acid as
standard with a concentration series of 3 - 27 mg/mL. The standard
ascorbic acid absorbance measurements were achieved as linear
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regression, with y = 0.0096x - 0.0109 and a value of R2=0.9949 (Figure
8). Table 4 shows that the extracted sample had a total antioxidant
content of 15.68+0.02mg AAE/g. The data further indicates that 15.68
mg of ascorbic acid is present in every gram of H. macradenius crude
leaf extract at a concentration of 1000 ppm (Table 4).

Table 4: Total Antioxidant Content of H. macradenius extract
at 1000ppm

Replicate Concentration TAC Absorbance
mg AAEmg/g.
1 1000 ppm 15.35
2 1000 ppm 15.98
3 1000 ppm 15.72
X+ RSD 15.68+0.02mg
AAE/g
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*x= mean value, RSD= relative standard deviation (the absolute value
of the coefficient of variation)

Several studies have demonstrated a link between antioxidant activity
and total phenolics or flavonoid contents. Plant extracts with high
phenolic content also have high flavonoid content, as observed for other
plant species.®? A study on Euphorbia's antioxidant activity, specifically
E. hirta, demonstrated notable antioxidant activity across various
conditions. The free radical scavenging ability was evaluated using the
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. The results revealed that
the E. hirta ethanol extract at a 0.5 mg/mL concentration exhibited
61.19% +* 0.22% antioxidant activity.>® The presence of several
bioactive chemicals in plants' roots, leaves, and flowers has been shown
in multiple research conducted globally.®* The results suggested that
phenolic and flavonoids may be the key contributors to H. macradenius
antioxidant activity, based on findings in the literature for other plant
extracts. Phenolic compounds are essential plant constituents with
redox properties responsible for antioxidant activity, and flavonoids are
secondary metabolites with antioxidant activity, the potency of which
depends on the number and position of free OH groups.®In the oral
acute toxicity study, during the 14-day experimental period, results
showed no mortality and no indication of toxicity among the tested
animals (Table 5).

Table 5: Summary of Gross Behavioral Observations in Mice Following Administration of Water and Plant Extract at Doses of 300

mg/kg, 2000 mg/kg, and 5000 mg/kg

Wellness Water 300 mg/kg 2,000 mg/kg 5,000 mg/kg

Parameters 30mins- 14Days 30mins- 14Days 30mins- 14Days 30mins- 14Days
1Hour 1Hour 1Hour 1Hour

Respiration Normal Normal Normal Normal Normal Normal Normal Normal
Alertness Normal Normal Weak Normal Weak Normal Weak Normal
Grooming Normal Normal Normal Normal Normal Normal Normal Normal
Pain Absent Absent Absent Absent observed Absent Observed Absent
Tremors Absent Absent Absent Absent Absent Absent Absent Absent
Pupils Normal Normal Normal Normal Normal Normal Normal Normal
Salivation Normal Normal Normal Normal Normal Normal Normal Normal
Food intake Normal Normal Increased Normal Increased Normal Increased Normal
Water Intake Normal Normal Normal Normal Increased Normal Increase Normal
Urination Normal Normal Normal Normal Normal Normal Normal Normal
Diarrhea Absent Absent Absent Absent Absent Absent Absent Absent
Skin Color Normal Normal Normal Normal Normal Normal Normal Normal
Skin Fur Normal Normal Normal Normal Normal Normal Normal Normal
Lacrimation Absent Absent Absent Absent Absent Absent Absent Absent
Convulsion Absent Absent Absent Absent Absent Absent Absent Absent
Coma Absent Absent Absent Absent Absent Absent Absent Absent
Hyperactivity Absent Absent Absent Absent Absent Absent Absent Absent
Sleep Observed Normal Observed Normal Observed Normal Observed Normal
Mortality Absent Absent Absent Absent Absent Absent Absent Absent

Data indicates that the one observable behaviour within the control
group was sleep, occurring between 30 minutes to one-hour post-
administration. This observation may be considered a typical response,
given that the experiment was conducted during the daytime, and mice,
being nocturnal creatures, naturally exhibit heightened activity at night,
often sleeping during the day. Additionally, a 2000 mg/kg dose resulted
in increased food and water intake during the one hour following

administration. However, mice respiration, alertness, grooming, pupils,
salivation, food and water intake, urination, mice skin colour, and fur
all exhibit expected results in all groups. Moreover, observations did
not detect pain, tremors, diarrhoea, lacrimation, convulsion, coma,
hyperactivity, and mortality. Studying these wellness parameters in
mice is essential for assessing health status, maintaining data quality,
and detecting adverse effects of the administered extract at different
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doses. Based on observation, treated mice showed discomfort upon
receiving the plant extract doses in their mouths, likely due to the
extract's distinct smell compared to water. Based on the findings, it is
evident that the plant extract administered at 300 to 5000 mg/kg remains
non-toxic, and the dose level of the plant extract is well-tolerated by the
mice, further indicating its potential safety.

03
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0.25 R?=0.9949
*
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Figure 8: Calibration Curve of the Ascorbic Acid Standard for
Total Antioxidant

The effects of different dosages of a test substance on the body weights
of mice (Table 6) showed that the control group's mean body weight
remained consistent from day 0 (23.67 £ 0.58 g) to day 14 (23.67 £ 0.58
g), indicating no significant weight change (0 + 0.67 g). The same was
observed with the 300 mg/kg group, with a mean weight of 24.0 + 0.0
g resulting in a negligible weight change (0 + 0.10 g) and the 5000
mg/kg group, with the mean weight remaining at 24.67 + 0.58 g, and no
significant weight change was observed (0 + 0.38 g). Conversely, the
2000 mg/kg group exhibited a slight but statistically significant increase
from 24.0+1.73 g on day 0 to 25.0 + 1.0 g on day 13, corresponding to
a weight gain of 1+1.4 g (p<0.05). These findings are similar to the
study of Porwal et al.®, where they used an ethanolic extract
of Marsdenia tenacissima (MTE), which produced no toxic effect on
the behavioural responses of the treated rats (dosed once) and observed
for 14 days at a dose 5000 mg/kg.% Jothy et al.*? also reported that the
crude extract of C. fistula at the highest dose of 5000 mg/kg resulted in
no mortalities or evidence of adverse effects, implying that C. fistula is
nontoxic.

Table 6: Mean Body Weight of Mice Before and After Acute Oral Toxicity Testing

Body Weight Day 0 Day 3 Day 6 Day 9 Day 12 Day 14 Weight
(9) gain(g) in 14
Treatment days
Water 23.67+0.58 24+1 2441 23+0.58 23+0.58 23.67+0.58 0+0.67
300mg/kg 24+0 24+0 2440 23.3+0.58 2440 24+0 0+0.10
2000mg/kg 24+1.73 24+1.73 24+1.73 24+1.73 24.6+0.58 25+1 1+1.40°
5000mg/kg 24.6+0.58 24+0 2440 24.6+0.58 24.6+0.58 24.6+0.58 0+0.38

Data Provided as mean+SEM(n=3); *p<0.05 treated groups versus control group

Study from Mufioz et al.*’, reported that oral doses of Bignay fruit
extracts ranging from 500 mg/kg to 2000 mg/kg showed no mortality.%’
As per the toxicity classification system, compounds falling between 1
and 5 g/kg are generally regarded as low-toxic, and those over 5.0 g/kg
are generally regarded as non-toxic.®*The advent of bacteria that are
resistant to antibiotics presents a severe threat to world health and calls
for ongoing research into new antimicrobial medicines. In this study,
the antibacterial activity of H. macradenius crude leaf extract against
Enterococcus faecalis BIOTECH 10348, Staphylococcus aureus
BIOTECH 1583, and Pseudomonas aeruginosa BIOTECH 1335 was
investigated. These bacterial strains were selected based on their
clinical significance and frequency in infections linked to healthcare
facilities. Common organisms known to cause infections ranging from
serious bloodstream infections to urinary tract infections include
Enterococcus faecalis and Staphylococcus aureus. Conversely,
Escherichia coli and Pseudomonas aeruginosa are well-known for their
involvement in gastrointestinal tract infections and opportunistic
infections in persons with impaired immune systems, respectively.
Table 7 shows that the extract exhibited antibacterial activity against E.
faecalis, S. aureus, and P. aeruginosa with MIC values of 1.563mg/mL,
125 mg/mL, and 25mg/mL,  respectively, based on
absorbance. Moreover, the MIC values based on a colour change in
plates for E. faecalis, S. aureus, and P. aeruginosa were 1.63 pg/mL,
6.25 pg/mL, and 0.39 pg/mL, respectively. Minimum inhibitory
concentration (MIC) is defined as the lowest concentration of an
antimicrobial agent that prevents the visible growth of organisms as
detected by lack of visible turbidity. The clarity of the solution (absence
of turbidity) indicates the inhibition of microbes. However, it was
challenging to distinguish between the turbidity caused by the bacteria's
development and the turbidity of the plant extract itself.3® Therefore,

aside from visual observation of the colour change, measurement
through absorbance in a spectrophotometer was used to calculate the
lowest extract concentration necessary to destroy the microorganisms.
P. aeruginosa showed significant discrepancies between absorbance
and colour change measurements. In this case, absorbance is generally
more precise and dependable than the colour change, which can be
influenced by the observer's perception and lighting conditions.

The collaborative actions of many phytochemical constituents found in
the plant may be responsible for the antibacterial characteristics of the
crude extracts.?® This study also revealed the presence of phytochemical
constituents within plant extracts, notably including phenols,
flavonoids, and antioxidant activity. Plants contain significant
quantities of polyphenols and flavonoids, which contribute to their
potent antioxidant activity, consequently providing various defensive
and disease-fighting properties.

H. macradenius crude leaf extract may possess antibacterial properties
against various microorganisms that cause various infectious illnesses
in humans. These studies validate the plant's usage in several traditional
medical procedures to cure different diseases. This data also aligned
with the previous antibacterial studies of the genus Homalanthus. The
methanolic extracts of members of the genus Homalanthus
demonstrated moderate activities against M. fortuitum (nervosus) and
S. epidermidis (nervosus and novoguineensis).*® Another study tested
the ethanolic extract of Homalanthus nutans leaves on bacterial
pathogens associated with infected skin injuries. This extract
demonstrated inhibitory effects against Pseudomonas aeruginosa and
clinical isolates of Staphylococcus aureus at a minimum inhibitory
concentration (MIC) of 4 pg/mL.* The ability of the ethanolic extracts
from the leaves of H. macradenius to inhibit the enzyme activity of
cyclooxygenase (COX) in vitro was determined. It was found that H.
macradenius leaf ethanolic extract at 10 ppm inhibited 60.51+1.55% of
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COX-2 enzyme activity and 58.1+0.63% for COX-1 (Figure 9). This is
a significant activity, being above 50%. The selectivity ratio, however,
was just 1.04, which means it is selective to COX-2. At a higher
concentration of 100 ppm, H. macradenius leaf ethanolic extract
inhibited 92.3+0.73% of COX-2 enzyme activity and 86.5+0.65% for
COX-1. The selectivity ratio was 1.07. Anti-inflammatory drugs that
inhibit more COX-2 than COX-1 are preferred because they have fewer
gastrointestinal and cardiovascular side effects, and COX-2 inhibitors
have also recently been used as chemotherapeutic agents.?* %

Table 7: Minimum Inhibitory Concentration of H. macradenius
Extract Based on Absorbance and Visual Color Change
Observations

Bacterial Strain MIC(Absorbance) MIC (Color
Change)

Enterococcus 1.563mg £ 0.09 1.563mg

faecalis

Staphylococcus 12.5mg + 0.15 6.25 mg

aureus

Staphylococcus 25mg + 0.03 0.39mg

aureus

MIC- Minimum Inhibitory Concentration *(-) not observed

A selectivity ratio > 1.00 indicates the relative selectivity of the sample
extract towards the COX-2 enzyme. The ethanolic extract of H.
macradenius exhibited a selectivity ratio of 1.04 in 10 ppm and 1.07 in
100 ppm, suggesting it is both active against COX-2 and selective for
these enzymes. In comparison, indomethacin at 4 mM concentration,
serving as a positive control, COX-2 inhibition was 81.96+1.47%, and
COX-1 inhibition was 78.93 + 1.07%, which exhibited a ratio of 1.04.
Indomethacins are non-COX-2 selective. Samples that gave > 50%
COX-2 inhibition and > 1.00 COX-2/COX-1 ratio are considered active
and COX-2 selective.?® According to Vane (1996), medications
exhibiting greater potency against COX-2 and an improved COX-
2/COX-1 activity ratio are likely to possess significant anti-
inflammatory effects while causing fewer adverse effects in the stomach
and kidneys.** COX-2 selective drugs are specifically employed to
alleviate acute pain following dental surgery and primary
dysmenorrhea, as well as for managing conditions such as rheumatoid
arthritis and osteoarthritis.** The results suggest that the ethanolic
extract of H. macradenius, which exhibits potent inhibitory activity
against the COX-2 enzyme, could be a valuable resource for developing
NSAIDs (Non-Steroidal Anti-Inflammatory Drugs). Moreover, the
plant extract represents a promising source of COX-2 selective anti-
inflammatory compounds that may be developed into pharmaceutical
drugs in the future.
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Figure 9: Percentage Inhibition of COX-2 and COX-1 Activity
by H. macradenius Leaf Ethanolic Extract (10 ppm and 100
ppm) Compared to Indomethacin as a Positive Control

The observed anti-inflammatory property of H. macradenius in the
COX inhibition assay may be attributed to phytochemicals inhibiting
enzymes involved in the inflammatory process. Specifically, these
phytochemicals may target key enzymes such as COX-2, thereby
suppressing the production of pro-inflammatory mediators like
prostaglandins.*® This mechanism of action supports its traditional use
in treating inflammatory conditions and emphasises its potential as a
natural source for developing novel anti-inflammatory therapies.
Recently, numerous research has shown promising data about the
medicinal efficacy of herbs.*¢ Certain bioactive substances found in
herbs have also been demonstrated to have anti-inflammatory
properties. Plants containing flavonoids are known to have good anti-
inflammatory properties. The anti-inflammatory properties of
flavonoids are significantly influenced by their structure. Their
hydroxyl group locations are essential to imparting the characteristic,
and they have a planar ring structure with unsaturation at C2-C3.
Without the hydroxyl groups at the B-ring's 3' and 4' positions, the
compound's anti-inflammatory properties are gone. A study by Liu et
al. (2014) noted that numerous flavonoids reduce the expression of pro-
inflammatory cytokines such as IL-6, IL-8, TNF-«, IL-15, and
monocyte chemoattractant protein-1 (MCP-1) in RAW macrophages,
peripheral blood mononuclear cells, and Jurkat T cells.” In another
study, many flavonoids can reduce inflammatory cytokines such as
TNF-a, IL-6, IL-8, IL-15, IL-17, and IFN-y. They also efficiently
reduce enzymes such as iNOS, COX-2, glucuronidase, and lysozyme.
In a study by Kang et al. (2010), luteolin from Lonicera
japonica Thunb. inhibited ERK1/2, c-Jun N-terminal kinases (JNK)1/2,
and NF-xB pathway and also inhibited IL-6, TNF-o, and COX-2
expression.*® Anthocyanins also show anti-inflammatory properties and
reduce  pro-inflammatory  cytokines.  Anthocyanins  reduce
Inflammatory Bowel Disease (IBD) by minimising the expression of
IL-6, IL-9, INF-y, MPO, TNF-q, IL-18, IL-17A, iNOS, and COX2.%

Conclusion

This study marks the first investigation into the phytochemical profile,
acute oral toxicity, antioxidant, antibacterial, and anti-inflammatory
activities of H. macradenius. The findings imply that phenolics and
flavonoids are present and are likely to play significant roles in the
antioxidant properties of H. macradenius. The absence of mortality and
toxicity signs following a single oral administration of H. macradenius
crude leaf extract suggests a favourable safety profile at the tested
doses. However, more investigation is necessary to evaluate its safety
and effectiveness fully for possible medicinal uses. Furthermore, H.
macradenius's antibacterial activity through MIC shows moderate
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antibacterial properties against various microorganisms that cause
various infectious illnesses in humans, such as Enterococcus faecalis,
Staphylococcus aureus, and Pseudomonas aeruginosa. The plant also
showed significant anti-inflammatory activity through in-vitro
inhibition of cyclooxygenases. Based on the findings, H. macradenius
extract may be safe in mice and possess antioxidant, antibacterial, and
anti-inflammatory activities, revealing its future drug development
potential.
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