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ABSTRACT
Indigenous Australians possess vast ethnopharmacological knowledge of native fora and have been using it for millennia. In a col-
laborative initiative to document and scientifcally validate this knowledge, the Tropical Indigenous Ethnobotany Centre, Australian
Tropical Herbarium and the James Cook University have been working closely with traditional custodians from the Iningai community
near Barcaldine, Queensland. This study aimed to evaluate crude leaf extracts from eightmedicinal plant species traditionally used by the
Iningai people, focusing on their phytochemical profle, antioxidant potential, cytotoxicity and anti-infammatory activity. Phytochemical
screening confrmed the presence of alkaloids, phenolics, favonoids and terpenoids. Antioxidant activity, assessed via the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging assay, showedmoderate to strong activity, with IC50 values ranging from 37.37± 1.01 μg/
mL to 206.50± 2.44 μg/mL. Cell viability assay using human peripheral blood mononuclear cells (PBMCs) showed that Pittosporum
angustifolium exhibited the highest cytotoxicity, resulting 73.97% cell death, suggesting potential toxicity to human cells. Anti-
infammatory activity was evaluated in lipopolysaccharide (LPS)-stimulated PBMCs. Seven of the eight plant extracts signifcantly
suppressed the release of proinfammatory cytokines, including tumour necrosis factor (TNF), interferon-gamma (IFN-γ), monocyte
chemoattractant protein-1 (MCP-1) and interleukin (IL)-23. Overall, this study provides scientifc validation for the traditional use of
these eightmedicinal plants by the Iningai people. The identifcation of key phytochemicals, antioxidant potential and anti-infammatory
properties supports their ethnopharmacological relevance. Further investigation is warranted to isolate and characterise the active
compounds from the most promising species for potential development into novel therapeutic agents.
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1 | Introduction

Medicinal plants and traditional medicine (TM) play an important
role in the management and prevention of many chronic diseases
[1], with about 50,000–70,000 plant species recorded as having
medicinal value [2]. More than 170 member states of the World
Health Organization (WHO) use various forms of TMs for treating
many lifestyle-related chronic diseases [2–4]. Those who practice
various forms of TMconstitute about 80% of the developingworld’s
population [2]. Recently, theWHOhas emphasised the importance
of TMs and held the frst-ever WHO TM global summit in con-
junction with the G20 Health Ministerial Meeting in 2023 in
Gujarat, India [5]. The WHO continues to support member states
in promoting or integrating TM with modern healthcare systems.
However, a lack of consolidated response from some member
countries has hindered the WHO’s eforts in TM promotion in
many countries, including Australia [6, 7].

Australian Indigenous people have inhabited the Australian
continent for at least 65,000 years [8] and currently constitute
3.3% of the Australian population [9, 10]. They connect deeply
with the local fora and fauna, using them for medicine, food,
clothing, shelter, tools and weapons [3, 11]. Their ethno-
medicinal knowledge is still vibrant, although frequencies of use
may difer amongst Aboriginal clan groups across Australia [12].
So far, about 1511 medicinal plants have been recorded in
Australia [13], and a recent review by Turpin et al. [3] identifed
135 medicinal plant species used by various Aboriginal com-
munities in the State of Queensland, including the Iningai Ab-
original community in central Queensland, for treating 62
diseases and conditions, including pain and infammations from
cuts and wounds [3]. Moreover, in our review [4] of 78 medicinal
plants used by Aboriginal communities in the tropics, extracts or
compounds from 45 species were found to have anti-
infammatory properties. However, the biological activities and
phytochemical contents of many other Queensland medicinal
plants, especially those used by the Iningai community in central
Queensland, have not yet been studied.

The Iningai community is one of the largest Aboriginal nations in
central western Queensland, and it is situated in the desert
uplands bioregion (Figure 1(a)). Bioregions are relatively large
defned areas based on common climate, geology, landform,
native vegetation and species information [15]. The desert up-
land bioregion has abundant Eucalypt woodlands, Spinifex
understorey and Acaciawoodlands growing on sandstone ranges
and sand plains [16] (Figure 1(b)). Iningai country spans 50,504
km2 from west of the Dividing Range to Longreach and north to
Aramac and Muttaburra. This community’s rich Indigenous
biocultural knowledge (IBK) remains little studied scientifcally
and could be a promising source of knowledge for the bio-
discovery of potential new medicines.

Recent research has shown that plants growing in arid zone en-
vironments exposed to diferent environmental stressors, such as
low rainfall and high ultraviolet exposure, remain an untapped
reservoir of potentially novel bioactive compounds [17]. The col-
laborative approach (cross-cultural or two-way) of IBK working
with modern science has proven to be one of the promising bio-
discovery strategies [4, 18, 19], with more than 25% of currently
available prescription drugs sourced from natural products asso-
ciated with IBK [20, 21]. Thus, Iningai medicinal plants used to
treat infammation and related diseasesmay ofer a new avenue for

developing natural antioxidant supplements or anti-infammatory
drugs. Therefore, this study aims to (i) to evaluate the phyto-
chemical composition of selected medicinal plants used by the
Iningai Aboriginal community, (ii) to assess the antioxidant and
anti-infammatory properties of selected plant crude extracts and
(iii) to support the validation and protection of IBK through col-
laborative research, while identifying promising plant species and
extracts for further lead compound isolation, and development of
evidence-based herbal or therapeutic products.

2 | Materials and Methods

2.1 | Ethics

Ethical and cultural clearance for research on medicinal plants
was obtained from the Iningai Aboriginal community. In vitro
assays with human peripheral blood mononuclear cells (PBMCs)
were conducted under Ethics Approval Number H8523, Human
Research Ethics Committee, James Cook University.

2.2 | Chemicals and Reagents

The chemicals and reagents used in this study were all of AR
grade. Aluminium chloride, ammonia, butylated hydroxytoluene
(BHT), Dragendorf reagent, ferric chloride, ferric sulphate,
Folin–Ciocalteu (F–C) reagent, gallic acid, glacial acetic acid,
hydrochloric acid (HCl), sodium carbonate, sulphuric acid and
2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from
Sigma-Aldrich (Melbourne, VIC, Australia). Chloroform, etha-
nol and methanol were purchased from ChemSupply (Gillman,
SA, Australia).

2.3 | Instruments

To determine the total phenolic content (TPC) and antioxidant
activity of samples, absorbance was obtained using a microplate
reader (SPECTROstar Omega, BMG Labtech, VIC, Australia). To
determine the efect on cell viability and anti-infammatory
activity, samples were run through LSRFortessa X20 (BD Bio-
sciences), and the data (mean fuorescence intensity [MFI])
obtained were exported in the fow cytometry standard (FCS)
format for further analysis.

2.4 | Plant Material Collection

All plant species evaluated in this study were collected from
Iningai country in central Queensland, Australia, by the frst
author and Iningai Traditional Custodians in June 2022. Taxo-
nomic identifcation was confrmed by botanists at the
Queensland Herbarium (Index Herbariorum code: BRI). Her-
barium specimen numbers were assigned to each plant species
(Table 1), and voucher specimens were deposited at the Aus-
tralian Tropical Herbarium (Cairns). Fresh leaves were washed
under running tap water and dried in an oven (40°C) for
one week.

2.5 | Crude Extraction

For each plant species, 10 g of dried leaves was ground into
a coarse powder using a NutriBullet grinder (NutriBullet, Aus-
tralia), transferred to a clean fask, and 50mL methanol was
added. The mixture was constantly stirred for 20min (min) to
obtain the optimum extract. Fresh solvent was added every 20
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min (thrice with a total extraction time of 1 h). The three-cycle
extract was pooled and fltered using a Stericup quick vacuum-
driven disposable fltration system (0.22 μMPES, 500mL, Merck,
Kenilworth, USA), and the fltrate solvent was concentrated
using a rotary evaporator (Heidolph, Germany) to 16mL.

2.6 | Analysis for Major Classes of Phytochemicals

The 16mL of concentrated extract was divided into eight tubes,
with each volume of 2 mL to test for the absence or presence of
seven major phytochemical classes (Table 2) using a method
adapted from Wangchuk et al. [25], Iqbal et al. [26], Yeshi et al.
[27] and Shah and Hossain [28]. Briefy, qualitative phyto-
chemical analysis was conducted as follows.

2.6.1 | Alkaloid Test

1mL of Dragendorf reagent (1 mL) was added to 2mL of crude
extract, and the presence of alkaloid was confrmed by the de-
velopment of orange/white precipitate.

2.6.2 | Steroid Test

2mL of chloroform was added to 2mL of crude extract, followed
by a few drops of acetic anhydride. The test tube containing the
reaction mixture was heated in a water bath (40°C) for 10min,
followed by cooling on ice. Then, 1mL of sulphuric acid (conc.)
was added, and the presence of steroids was confrmed by
forming a brown ring at the junction and the upper green layer.

2.6.3 | Terpenoid Test

2mL of chloroform was added to 2mL of crude extract, followed
by a few drops of sulphuric acid (conc.). The presence of ter-
penoids was confrmed by the formation of a reddish-brown
colour at the interface of the reaction mixture.

2.6.4 | Tannin Test

A few drops of 10% ferric chloride (aqueous) were added to 2mL
of crude extract, and the presence of tannin was confrmed by the
formation of black precipitates/blue–green colour.

N

EW

Barcaldine
region

S

(a)

(b)

FIGURE 1 | (a) A map of Australia showing the state of Queensland with the shaded green area representing the Barcaldine region of the Iningai
Aboriginal community—labels and locations are added from a map of local government areas in QLD [14]. (b) A typical open woodland community on
sandy soil found in the Barcaldine region (photo courtesy: G. Turpin).
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2.6.5 | Saponin Test

The presence of saponin was confrmed by the formation of
persistent foam/froth after shaking with distilled water. The test
was considered negative when foam/froth disappeared after
warming in a water bath (37°C) for 5 min.

2.6.6 | Anthraquinone Glycoside Test

Dilute sulphuric acid (5%) and chloroform were added to 2mL of
crude extract. Then, a dilute ammonia solution was added to the
lower layer of the reaction mixture with slight shaking. The
formation of a rose-pink to red colour confrmed the presence of
anthraquinone glycoside.

2.6.7 | Cardiac Glycoside Test

2mL of glacial acetic acid was added to 2 mL of crude extract,
followed by a few drops of ferric chloride (10%) and dilute
sulphuric acid (5%). The presence of cardiac glycosides was
confrmed by the formation of a brown ring at the interface.

2.7 | Determination of TPC

2.7.1 | Determination of Maximum Absorption
Wavelength (λmax) and Optimum Reaction Time

The maximum absorption wavelength (λmax) and optimum re-
action time were determined following the methods (with slight
modifcations) described by Molole et al. [23] and Adusei et al.
[24] before evaluating the samples for the TPC. Briefy, 0.5 mL of
crude leaf extract samples (200 and 400 μg/mL) and the standard
gallic acid in methanol (50 and 100 μg/mL) were transferred to
clean test tubes. Then, 2 mL F–C reagent (diluted with distilled
water in a 1:1 ratio) was added to the sample/standard and
vortexed. After 3 min but not more than 8min, 4 mL of Na2CO3

(7.5% w/v in distilled water) was added and mixed well. The
reaction mixture (200 μL) was then transferred to a 96-well fat-
bottom plate (Falcon, Corning, NJ, USA), and the absorbance in
the wavelength range of 400–900 nm was measured at 5-min
intervals until 60 min. Methanol was used as a blank. The ab-
sorbance readings were used to determine the λmax and the
optimum reaction time.

2.7.2 | TPC

After obtaining λmax and the optimum reaction time, the TPC in
the crude extract of leaves from eight medicinal plants was de-
termined following the F–Cmethod described byMolole et al. [23],
Yeshi et al. [27] and Adusei et al. [24] with slight modifcations.
The TPC was determined in triplicate at two concentrations (500
and 1000 μg/mL). The standard calibration curve was prepared
using a gallic acid solution with concentrations from 0 to 150 μg/
mL in triplicate. The reaction mixtures were prepared as described
above, and the absorbance was recorded at previously determined
λmax (760 nm) and incubation time (30min). The average absor-
bance values were used to draw the calibration curve, and the R2

(coefcient of determination) value was used to evaluate the
linearity of the curve. The regression equation obtained from the
curve was used to calculate the gallic acid concentration in each
crude extract. Finally, the TPC was expressed in terms of milli-
grams of gallic acid equivalent per gram of dry extract (mg GAE/g
dry extract) using the equation below [29]:

C = C1 ×
V

m
, (1)

where ‘C’ is the TPC in mg GAE/g extract, ‘C1’ is the concen-
tration of gallic acid (in mg/mL) calculated from the calibration
curve, ‘V ’ is the extract sample volume (in mL), and ‘m’ is the
mass of the dry plant extract (g).

2.8 | Pharmacological Tests

2.8.1 | DPPH Free Radical Scavenging Activity

The potential to scavenge/reduce the DPPH free radical by the
leaf crude extracts of eight medicinal plants was determined
following the method described by Brand-Williams [30], Yeshi
et al. [27] and Molole et al. [23] with some modifcations. A
solution of 0.1 mM DPPH was prepared in a 25-mL volumetric
fask by dissolving 0.01 g of DPPH in methanol and further di-
luted to obtain 10, 20, 30, 40, 50 and 60 μM concentrations of
DPPH solutions. Then, 200 μL of DPPH from each concentration
was transferred to a 96-well fat-bottom plate (in triplicate) and
scanned over a 400–600 nm wavelength range against the blank
(methanol). The absorbance values obtained were used to de-
termine the λmax and the relationship between absorbance and
concentrations of the standards.

2.8.2 | Determination of Half Maximal Inhibitory
Concentration (IC50)

The 1mg/mL stock solutions of the crude leaf extract from eight
medicinal plants and standard compounds were prepared. Then,
the working solution was prepared with twofold serial dilutions
(13–500 μg/mL) in methanol. Subsequently, each sample/stan-
dard compound was mixed with 0.1 mM of DPPH solution (1:2
ratio vol/vol) in a 96-well fat-bottom plate and mixed well. The
control sample was prepared by mixing the methanol with DPPH
in the same ratio. The reactionmixture was then incubated in the
dark at room temperature for 1 hour. After 1 hour of incubation,
the absorbance was measured at the previously determined λmax
(517 nm). Finally, the percentage of DPPH free radical scavenged
in the reaction mixture was calculated using the equation below:

percentage (ϱ) of  DPPH scavenged =
A0 − As

A0
× 100, (2)

where A0 is the absorbance of the DPPH solution without an-
tioxidants and As is the absorbance of the sample [31]. The
obtained % of DPPH free radical scavenged was plotted against
the concentration of the samples in GraphPad Prism (v.10.2.2),
and IC50 values were determined by interpolating from a sig-
moidal standard curve, four-parameter logistic (4PL) regression
model, where ‘X’ is the concentration.

2.8.3 | Efect of Crude Extracts on Cell Viability and
Their Anti-Infammatory Activity

2.8.3.1 | Human PBMCs Culture and Sample Treatment.
PBMCs from a healthy donor (donor ID: BC970050, date of
frozen: 20201105) were isolated from bufy coats (supplied by the
Australian Red Cross Lifeblood) using the Ficoll-Paque PLUS
(GE Health) density gradient method described by the STEM-
CELL Technologies. PBMCs were then cryopreserved using
vapour phase nitrogen in fltered heat-inactivated foetal bovine
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serum (FBS) (Corning #35-076-CV) with 10% dimethyl sulfoxide
(DMSO, Sigma-Aldrich) until used. On the day of the experi-
ment, PBMCs were thawed in a water bath (37°C) and washed
with prewarmed sterile R-10 media (RPMI-1640, Gibco), con-
taining 10% heat-inactivated FBS, 100 U/mL penicillin and 100
μg/mL streptomycin (Gibco). Subsequently cells were counted
with the help of a CASY cell counter (Roche Innovatis, Germany)
and adjusted cell densities to approximately 1 × 106 cells in 100
μL of R-10media to be seeded per well in sterile 96-well U-bottom
culture plates (Falcon, Corning, NY, USA). Then, PBMCs were
activated with 10 ng/mL of bacterial-derived lipopolysaccharide
(LPS) (Sigma-Aldrich) and incubated at 37°C in a 5% CO2 in-
cubator for 2 h. After 2 h, LPS-activated PBMCs were treated in
triplicate with methanolic crude leaf extracts of eight medicinal
plants at 100 μg/mL concentration in R-10 media with 0.5%
DMSO. Dexamethasone (Dexa) (100 μg/mL in R-10 media) and
R-10 media with 0.5% DMSO were used as positive and negative
controls, respectively. The fnal culture volume in each well was
adjusted to 200 μL using the R-10media. Finally, the culture plate
was incubated overnight at 37°C in a 5% CO2 incubator. The next
day, the plate was centrifuged (277 × g force, 4°C for 5min), and
the supernatants were collected for cytokine analysis. Cells were
used for cell viability assay, as described in the subsequent
section.

2.8.3.2 | Efect of Crude Extracts on Cell Viability.
Before quantifying proinfammatory cytokines in the PBMC
culture soup, PBMCs were analysed for cell health/viability
(cytotoxicity) [27]. After harvesting the supernatant, PBMCs
were washed (1×) using a PBS with 2% FBS and then stained with
live/dead viability dye (LIVE/DEAD fxable near-IR dead cell
stain kit, for 633- or 635-nm excitation, Cat. No. L34975) fol-
lowing themanufacturer’s manual. Stained cells were kept on ice
in the dark for 30min. After 30 min, stained cells were washed
(2×) with PBS containing 2% FBS. Finally, cells were resus-
pended in 100 μL PBS bufer and run through a LSRFortessa X20
fow cytometer (BD Biosciences) to diferentiate live cells from
dead cells. The reactive dye binds to surface proteins on live cells,
giving a dim fuorescence. In contrast, in dead cells, due to the
loss of membrane integrity, dye enters inside the dead cell, binds
with interior proteins and fuoresces more brightly than in live
cells. To determine the percentage (%) of viable cell population,
cell viability data (in FCS format) from the fow cytometer were
determined using a FlowJo Version 10.8.1 software (Ashland,
OR, USA). Before the analysis, a forward scattering (FSC) gating
(FSC-H versus FSC-A) was applied to exclude doublet cells. After
knowing the efect of crude extracts on cell viability, the su-
pernatant of nontoxic crude extracts was further analysed for
proinfammatory cytokines/chemokines profle.

2.8.3.3 | Quantifcation of Proinfammatory Cytokines
and Chemokines. Proinflammatory cytokines/chemokines in
the PBMC culture supernatant were quantifed (in pg/mL) using
a customised LEGENDplex multianalyte fow assay kit (Cat. No.
740808 and Lot No. B291817, BioLegend, USA) following the
manufacturer’s instructions. This assay is bead-based and en-
ables simultaneous analysis of 13 proinfammatory cytokines/
chemokines, including interleukin (IL)-1β, interferon (IFN)-α,
IFN-γ, tumour necrosis factor (TNF), monocyte chemoattractant
protein-1 (MCP-1), IL-6, IL-8 (CXCL8), IL-10, IL-12p70, IL-17A,
IL-18, IL-23 and IL-33 using the LSRFortessa X20 fow cytometer

(BD Biosciences). The data obtained from the fow cytometry (in
FCS format) were further analysed using cloud-based software
from BioLegend (San Diego, CA, USA), accessible from this link:
https://legendplex.qognit.com/user/login?next%3d;home. Fi-
nally, the quantity of each cytokine in the culture soup treated
with eight crude extracts was expressed as mean± standard
deviation (SD) in pg/mL.

2.9 | Data Analysis

All data were expressed as the mean± SD (standard deviation).
Statistical analysis was performed using GraphPad PrismVersion
10.2.2 (San Diego, CA, USA), whereby mean values of samples
were compared to the control using an unpaired t test (p < 0.05).

3 | Results

3.1 | Ethnopharmacological Uses of Eight Iningai
Medicinal Plants

Recently, we have documented Iningai bush medicine knowl-
edge and identifed 45 medicinal plants from the Barcaldine area
of the Iningai country. While some plants are common to other
regions of Queensland and are known for their strong antioxi-
dant and anti-infammatory activities (e.g., Pittosporum and
Corymbia species), we found that more than 14 uniquemedicinal
plants were used for treating bowel disorders and infammation.
These plants have never been studied from a Western scientifc
perspective, which adds novelty to this project. Building on the
feld results and in consultation with the Iningai community and
the Tropical Indigenous Ethnobotany Centre (TIEC), we col-
lected eight Iningai medicinal plants (Table 1) from the Bar-
caldine region by engaging the Iningai community and evaluated
their phytopharmaceutical properties using various approaches.
These species are TB75, TB79, Pittosporum angustifolium, Gos-
sypium australe, Velleia macrocalyx, Petalostigma pubescens and
Santalum lanceolatum (Figure 2).

3.2 | Qualitative Screening for Major Classes of
Phytochemicals in Crude Extracts

Plants generally produce diverse classes of phytochemicals, and
most possess interesting biological activities [32]. The diversity
and intensity of a plant’s biological activities may be related to the
diversity and quantity of the chemicals it contains. Thus, we
assessed crude leaf extracts of eight medicinal plants for the
presence of the six major classes of phytochemicals.

Of the eight medicinal plants tested, D. tenuifolia tested positive
for all six major classes of phytochemicals, namely, alkaloid,
favonoid, tannin, steroids, saponin and glycoside (Table 2). Four
of the six classes were detected in the following species: TB75
(alkaloid, favonoid, saponin and glycoside), TB79 (alkaloid,
favonoid, tannin, saponin), P. pubescens (alkaloid, favonoid,
tannin, saponin) and S. lanceolatum (alkaloid, favonoid, steroids
and tannin). V. macrocalyx showed the least positive results, with
only a weak presence of favonoids, steroids and saponins. Crude
extracts of S. lanceolatum and G. australe showed a strong
presence of steroids. Only TB75, G. australe and D. tenuifolia
tested positive for glycosides. Except for G. australe and
V. macrocalyx, crude extracts from all medicinal plants tested
positive for alkaloids, with a strong positive result for TB79.
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3.3 | TPC and Antioxidant Activity of Crude
Extracts

3.3.1 | TPC

The F–C method is a widely used assay for quantifying total
(poly)phenols in food [33]. The F–C reagent is a complex mixture
of phosphomolybdic and phosphotungstic acids, which the
phenolic compounds reduce, forming blue complexes with
maximum absorbance (λmax) at 765 nm [34–36]. However, λmax
may vary depending upon how the F–C reagent responds to the
compounds/substrates, as polyphenols (antioxidants) are of di-
verse chemical structures [37, 38]. Such variations in the
wavelength of maximum absorption may afect the quantitative
estimation of total (poly)phenolic compounds. Therefore, crude
leaf extracts from eight medicinal plants were compared with the
standard compound, gallic acid, to determine λmax. All eight
crude leaf extracts showed a similar absorption spectrum (Fig-
ure 3(a)). The maximum absorption (λmax) lies between 700 and
800 nm, as shown in Figure 3(a). Moreover, there were in-
signifcant variations (coefcient of variation, CV,≤ 3.67%) in the
absorbance values between 700 and 800 nm, as shown in Table 3.
Thus, to determine the TPC, a wavelength (λmax) of 760 nm was

chosen in accordance with previous study [27] and other studies
[23, 38, 39].

After selecting the maximum absorption wavelength (760 nm), the
optimum time required by the crude leaf extracts to develop/
change the colour (from yellow to blue) with the F–C reagent was
determined at the selected wavelength. The reaction kinetics
showed an increase in the absorption by all samples from 10 to 40
min and then became steady or dropped progressively, as shown in
Figure 3(b). For all samples, including the gallic acid, the optimum
response was observed between 30 and 40min, indicating that at
least 30min of incubation is required before measuring the ab-
sorbance. Our result was consistentwith other similar optimisation
studies on the F–C method [23, 37, 38]. Thus, λmax of 760 nm and
an optimum reaction time of 30min were used to determine the
TPC in the crude leaf extracts of eight medicinal plants.

To quantify the TPC in crude leaf extracts, a calibration curve was
plotted using the reference compound, gallic acid, with con-
centration ranging from 0 to 150 μg/mL. The obtained R2 (co-
efcient of determination) value of 0.9988 (y= 0.004x+ 0.0084),
approximated perfect linearity. The TPC was measured at two
diferent concentrations (500 and 1000 μg/mL). The results were

(a) (d)

(b) (e)

(c) (f)

FIGURE 2 | Medicinal plant species included in the study with their aerial parts: (a) Dodoneae tenuifolia; (b) Gossypium australe; (c) Petalostigma
pubescens; (d) Pittosporum angustifolium; (e) Santalum lanceolatum; (f) Velleia macrocalyx. Photographs of two species, which have been coded as TB75
and TB79, were excluded due to intellectual property (IP) sensitivity (photo courtesy: G. Turpin).
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expressed as mg gallic acid equivalent (GAE)/g dry crude extract,
as shown in Figure 4. At both low (500 μg/mL) and high con-
centrations (1000 μg/mL), S. lanceolatum had the highest phe-
nolic content (51.95± 2.38 and 89.87± 3.02 mg GAE/g extract,
respectively), followed by P. pubescens (46.21± 2.01 and 87.45±

2.36 mg GAE/g extract). TB75, G. australe and P. angustifolium
had almost equivalent TPC at 1000 μg/mL concentration
(37.46± 4.95, 37.84± 1.02, 37.69± 1.00 mg GAE/g extract, re-
spectively). However, at a lower concentration (500 μg/mL),
P. angustifolium had a higher content (22.39± 1.94 mg GAE/g

extract), followed by TB75 (20.89± 1.22 mgGAE/g extract). TB79
had the lowest phenolic content at both concentrations
(Figure 4).

3.3.2 | DPPH Free Radical Scavenging Activity

The DPPH is a widely used free radical to assess the antioxidant
properties of crude extracts from diferent parts of plants. The ability
of plant extracts to scavenge DPPH free radical is mostly determined
spectrophotometrically by measuring the absorbance at a specifc

0.8
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D. tenuifolia
TB79
V. macrocalyx
G. australe

P. angustifolium
S. lanceolatum
P. pubescens
Gallic acid

(a)
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V. macrocalyx
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P. pubescens
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FIGURE 3 | Maximum absorbance (λmax) and optimum reaction time for total phenolic content: (a) absorption spectra (400–850 nm) of the product
of the reaction of the Folin–Ciocalteu (F–C) reagent with crude leaf extracts of eight medicinal plant species (400 μg/mL) and gallic acid (100 μg/mL); (b)
change in absorbance with a reaction time of the F–C reagent with crude leaf extracts of eight medicinal plant species and gallic acid.

TABLE 3 | The absorbance of solutions of leaf crude extracts of eightmedicinal plant species and gallic acid after 30min of reactionwith F–C reagent
in a wavelength range of 740–770 nm.

Sample Conc. (μg/mL)
Absorbance at the wavelength (nm) of

CV (%)
740 745 750 755 760 765 770

D. tenuifolia 200 0.151 0.145 0.145 0.145 0.145 0.146 0.144 2.73
400 0.195 0.195 0.196 0.197 0.198 0.196 0.194 0.66

TB75 200 0.185 0.171 0.173 0.173 0.173 0.174 0.172 1.60
400 0.217 0.214 0.216 0.215 0.214 0.216 0.213 0.69

G. australe 200 0.136 0.131 0.131 0.13 0.13 0.13 0.129 3.67
400 0.167 0.161 0.163 0.164 0.163 0.165 0.162 1.46

V. macrocalyx 200 0.132 0.126 0.126 0.127 0.131 0.125 0.125 1.81
400 0.179 0.18 0.182 0.183 0.181 0.181 0.18 0.56

TB79 200 0.14 0.127 0.128 0.128 0.126 0.128 0.129 2.26
400 0.154 0.148 0.151 0.15 0.148 0.148 0.15 0.74

P. angustifolium 200 0.165 0.157 0.159 0.158 0.157 0.158 0.157 0.36
400 0.244 0.232 0.236 0.235 0.235 0.234 0.231 0.68

P. pubescens 200 0.267 0.252 0.255 0.257 0.257 0.257 0.256 1.76
400 0.386 0.381 0.381 0.383 0.38 0.38 0.381 1.22

S. lanceolatum 200 0.266 0.265 0.266 0.266 0.268 0.266 0.267 1.81
400 0.391 0.391 0.397 0.396 0.393 0.392 0.39 1.80

Gallic acid 50 0.297 0.293 0.294 0.298 0.294 0.295 0.293 0.66
100 0.488 0.486 0.489 0.491 0.489 0.489 0.485 0.42

Note: Coefcient of variance (CV, %) was calculated by dividing the standard deviation (σ) by the mean (μ) of absorbance values of each sample between 740 and 770 nm
wavelength multiplied by 100% (CV = σ/μ × 100ϱ) [23].
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wavelength [23, 40]. Thus, it is crucial frst to determine the max-
imum absorption wavelength and instrumental response to the
various DPPH concentrations for the assay. As shown in Figure 5(a),
the maximum absorption was at 517 nm wavelength (λmax). There
was also a linear relationship between the DPPH free radical con-
centrations and their respective absorbance at 517 nm (Figure 5(b)).

In this study, the antioxidant activity of crude leaf extracts was
evaluated by measuring their absorbance at 517 nm in line with
other studies [30, 41] at various concentrations between 50 and 400
μg/mL. Gallic acid was used as a reference compound. The DPPH
free radical scavenging efect of all crude extracts increased as their
concentration was increased (Figure 6). The DPPH free radical
scavenging activity of crude leaf extracts of eight medicinal plants at
a concentration of 400 μg/mL was ordered as follows: V. microcalyx

(77.09± 0.26%)> TB75 (75.28± 1.42%) > P. angustifolium (74.35 ±

0.95%) > S. lanceolatum (72.23 ± 2.57%) > P. pubescens (71.83 ±

3.59%) > TB79 (70.96 ± 0.45%) > D. tenuifolia (67.91± 4.03%) >
G. australe (66.97± 5.01%). The reference compound, gallic acid,
showed only 76.60± 1.18% at 400 μg/mL of the initial DPPH
concentration. Unlike all crude samples except for V. macrocalyx,
gallic acid showed high and consistent scavenging activity
throughout the concentrations (Figure 6).

The current study also determined the inhibitory concentration that
scavenged 50% of the initial DPPH free radical concentration (IC50
values). The antioxidant capacity of the substance is indirectly
proportional to its IC50 value [30]. That means the substance with
a lower IC50 value has better antioxidant activity. Amongst the crude
extracts from eight medicinal plant species, V. macrocalyx had the
lowest IC50 value of 37.37± 1.01 μg/mL, followed by
P. angustifolium (48.33± 1.07 μg/mL), TB75 (119.90± 1.11 μg/mL)
and S. lanceolatum (134.30± 2.49 μg/mL) (Table 4). D. tenuifolia
had the highest IC50 value of 206.50± 2.44 μg/mL (Table 4).

3.3.3 | Correlation Between TPC and Antioxidant
Activity

Antioxidant activity is attributed to the phenolic and favonoid
contents. We conducted a Pearson correlation coefcient (PCC,
Pearson r) using GraphPad Prism (v.10.2.2) between TPC and
DPPH free radical scavenging activity (IC50 values) (Figure 7).
There was a signifcant correlation (p value = ∗∗< 0.0027) be-
tween TPC and antioxidant activity of crude leaf extracts from
eight medicinal plant species.

3.4 | Cell Viability and Anti-Infammatory Activity
of Crude Leaf Extracts

3.4.1 | Cell Viability

Of the eight medicinal plants tested, the crude leaf extract of
P. angustifolium afected the viability of PBMCs (73.97% dead
cells), whereas the remaining seven samples did not (mean dead
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FIGURE 4 | Total phenolic content (TPC) of crude leaf extracts from
eight medicinal plant species at two concentrations (500 and 1000 μg/
mL). Data were expressed as mean± SD [n (instrumental × sample
replicate) = 9].
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FIGURE 5 | (a) Absorption spectra (400–800 nm) for solutions containing 10, 20, 30, 40, 50 and 60 μM DPPH free radical and (b) the linear
relationship between diferent concentrations of DPPH free radical and their absorbance measured at 517 nm.
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cells < 37%) (Figure 8) when compared to the stimulated (21.2%)
and unstimulated (19.0%) controls. Therefore, the culture
supernatants from these seven species were further analysed to
quantify proinfammatory cytokines.

3.4.2 | Anti-Infammatory Activity

The inhibitory efect of crude leaf extracts (100 μg/mL) from
seven species on 13 proinfammatory cytokines and chemokines
in the supernatant of LPS-stimulated PBMCs was investigated
using a LEGENDplex fow assay described in the Methods
section. Out of the 13 proinfammatory cytokines and chemo-
kines tested (IL-1β, IFN-α, IFN-γ, TNF, MCP-1, IL-6, IL-8
(CXCL8), IL-10, IL-12p70, IL-17A, IL-18, IL-23 and IL-33), the
crude leaf extracts of seven plant species (Figure 9) signifcantly
reduced the production of IFN-γ (Figure 9(a)), TNF (Figure 9(b)),
MCP-1 (Figure 9(c)) and IL-23 (Figure 9(d)). Except for the crude
extract of D. tenuifolia, the remaining plant species signifcantly
suppressed at least four proinfammatory cytokines. Dexa-
methasone (Dexa) was used as the positive control drug. Based
on the signifcant suppression (p values) of four cytokines

(Figure 9), the overall anti-infammatory efect of seven me-
dicinal plant species tested ordered as follows: TB75 >G. australe
> V. microcalyx > S. lanceolatum > TB79 > P. pubescens >
D. tenuifolium. The crude leaf extracts of TB75, G. australe and
V. microcalyx were the three most active, followed by
S. lanceolatum and TB79 (Figure 9). D. tenuifolium was the least
active of all seven species tested.

4 | Discussion

Manymedicinal plants and other native plants and herbs used by
the Aboriginal people of Australia have exhibited antioxidant
and anti-infammatory potentials [4, 22, 27, 42, 43]. The anti-
oxidant potential of medicinal plants is mainly attributed to
polyphenols, including phenolic acids, favonoids, stilbenes and
lignans [44–46]. These antioxidant compounds are capable of
preventing or minimising the generation of free radicals in living
cells [47–49], as excessive free radicals are toxic and cause
damage to important biomolecules, such as DNA, lipids and
proteins [49, 50]. If the body’s antioxidant defence system fails to
control the production of free radicals, it may lead to oxidative
stress, which can gradually result in infammation [51–53] and
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FIGURE 6 | The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging efect of methanolic leaf crude extracts from eight medicinal
plant species, gallic acid and butylated hydroxytoluene (BHT). The re-
sults were expressed as mean± SD of three means (n= 3).

TABLE 4 | The IC50 values for the antioxidant activity of eight me-
dicinal plant species and standard antioxidants.

Samples IC50 (μg/mL)
TB75 119.90± 1.11
D. tenuifolia 206.50± 2.44
TB79 176.30± 2.26
P. pubescens 102.30± 2.35
V. macrocalyx 37.37± 1.01
S. lanceolatum 134.30± 2.49
G. australe 149.90± 3.59
P. angustifolium 48.33± 1.07
Gallic acid 218.90± 1.83
BHT 174.90± 4.11

Note: IC50 values were obtained from the GraphPad four-parameter logistic (4PL)
regression model.
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FIGURE 8 | The percentage of dead cells in lipopolysaccharide (LPS)-
stimulated human PBMCs treated with themethanolic leaf crude extracts
(overnight) obtained from eight medicinal plant species at a 100 μg/mL
concentration. Data were expressed as mean± SD (n= 3). Statistical
signifcance was determined by the unpaired t test using GraphPad Prism
(v.10.2.2), where ∗∗∗∗p < 0.0001. Dexamethasone (Dexa) was used as
a positive drug control. The % of dead cells < 50% was considered
nontoxic to the cells [27].
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multiple diseases, including neurodegenerative diseases [54, 55],
cancer [56], diabetes [57, 58], arthritis [59, 60], atherosclerosis
[61] and fast ageing [62, 63]. Under such conditions, supple-
mentary antioxidants are required to support the body’s defence
mechanism. There has beenmore interest in natural antioxidants
over synthetic ones in recent years due to possible side efects
associated with the latter [64, 65].

Therefore, in this study, we evaluated the antioxidant and anti-
infammatory properties of medicinal plant species used by the
Iningai Aboriginal people of central Queensland, Australia, for
treating pain and infammation and diseases associated with
oxidative stress, such as arthritis. Methanolic leaf crude extracts
of eight medicinal plant species were initially investigated for the
major phytochemical classes and total (poly)phenolic content.
The extracts tested positive for favonoid and alkaloid except for
G. australe (which tested negative for favonoid and alkaloid) and
V. microcalyx (which tested negative for alkaloid). Such test
results may vary based on the polarity of extract solvents used, as
diferent solvents have varying afnity with secondary metab-
olites [66–68]. For instance, ether is recommended to extract
alkaloids and chloroform for favonoids and terpenoids [69, 70],
and alcohols are mostly preferred for extracting polar secondary
metabolites [71]. Irrespective of the extract solvents used in this

study, studies have indicated that alkaloids are least present/
investigated in the Australian native species under the Good-
eniaceae family [72]. The saponin test was positive for fve of the
eight species; P. angustifolium and S. lanceolatum tested negative.
Although a few studies have reported saponins from seeds of
Pittosporum species [73–75], in our study, P. angustifolium tested
negative for saponins and steroids. The amount and distribution
of saponins amongst plants and within tissues and organs of
individual plants greatly vary based on their functions/matu-
ration process and seasonal fuctuations [76], mostly synthesised
in the underground organs [77–79]. Thus, the qualitative
screening of results of such phytochemicals may be afected by
the parts of plant used for the test and other factors, such as
collection season and plant maturity.

Based on the qualitative phytochemical screening results, we
next searched for the literature on these eight medicinal plants
and reviewed whether they had been explored for their bio-
discovery potential. Out of eight species, only P. angustifolium
has been studied. A total of 30 compounds (28 triterpene gly-
cosides and 2 triterpene saponins) have been isolated from the
leaves and seeds of P. angustifolium [80–82]. Additionally, 20
secondary metabolites have been identifed from leaves and
stems by gas chromatography-mass spectrometry (GC-MS/MS)
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FIGURE 9 | Inhibitory efects of methanolic crude leaf extracts (100 μg/mL) obtained from seven medicinal plant species on the secretion of
proinfammatory cytokines: (a) interferon-gamma (IFN-γ), (b) tumour necrosis factor (TNF), (c) monocyte chemoattractant protein-1 (MCP-1) and (d)
interleukin 23 (IL-23) by human peripheral blood mononuclear cells (PBMCs) stimulated with bacterial-derived lipopolysaccharide (LPS) after
overnight incubation. Data were expressed as mean± SD (n= 3). Statistical signifcance was determined by the unpaired t test using GraphPad Prism
(v.10.2.2), where ∗p = 0.0332, ∗∗p = 0.0021, ∗∗∗p = 0.0002, ∗∗∗∗p < 0.0001. TB75, Dodonaea tenuifolia (TB76), TB79, Petalostigma pubescens (TB81),
Velleia macrocalyx (TB84), Santalum lanceolatum (TB87), Gossypium australe (TB88) and Pittosporum angustifolium (TB89). Dexamethasone (Dexa)
was used as a positive control drug.
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[83]. Some of these compounds were tested for antimicrobial and
DNA-topoisomerase I inhibitory activity [84]; however, they
were least studied for their anti-infammatory activity.

All eight medicinal plants tested showed the presence of (poly)
phenols in the quantitative TPC assay. Based on this result, we
next evaluated their capacity to scavenge DPPH free radical, as
the antioxidant potential of medicinal plants is mainly attributed
to the presence of polyphenols [44–46]. They showed a per-
centage DPPH free radical scavenging capacity ranging from
66.97% to 77.09% and IC50 values between 37.37± 1.01 and
206.5± 2.44 μg/mL. Based on the IC50 values, V. macrocalyx
(Goodeniaceae) and P. angustifolium (Pittosporaceae) showed
the best DPPH free radical scavenging activity with IC50 values of
37.37± 1.01 and 48.33± 1.07 μg/mL, respectively. However,
V. macrocalyx had a very low TPC, while S. lanceolatum showed
the highest TPC but only moderate antioxidant activity, sug-
gesting that nonphenolic compounds or certain structural fea-
tures of phenolics present in these plants may be responsible for
their potent free radical scavenging property. Thus, the TPC is
a useful but not defnitive predictor of antioxidant capacity. A
signifcant positive correlation (∗∗p < 0.0027) was observed be-
tween DPPH IC50 values and TPC. Moreover, fve polyphenolic
compounds, including rutin and isoquercitrin, were also isolated
from the chloroform extract of leaves of P. angustifolium [85],
which could be responsible for the scavenging efect, as many
studies [86–88] have reported excellent DPPH free radical
scavenging efect by these two compounds.

However, the TPC was highest in the leaf crude extracts of
P. pubescens and S. lanceolatum, which showed higher IC50
values for DPPH free radical scavenging assay with 102.30± 2.35
and 134.30± 2.49 μg/mL, respectively, than the two medicinal
plants showing the highest antioxidant activity. Such variations
in the antioxidant activity amongst the plant species may be due
to their diferent phenolic profles and their nature of interaction
with DPPH free radical. Antioxidant phenolics mostly quench
DPPH free radical by transferring electrons or donating hydrogen
atoms [89, 90], and phenolic compounds with more hydroxyl
groups possess better scavenging capacity [91]. Variations in the
antioxidant activity of crude plant extracts may also be attrib-
utable to the synergistic efects of mixtures of compounds present
in the crude extracts. For instance, when Joshi et al. [92] com-
pared the DPPH free radical scavenging efect of fve phenolic
compounds, rutin hydrate and resveratrol showed better scav-
enging activity than other combinations. The moderate to
promising antioxidant activity shown by all medicinal plants may
be related to the traditional usage of these medical plants by
Aboriginal people in central Queensland. Although Aboriginal
people have rigorous detoxifcation strategies before using any
medicinal plants [4], they deserve scientifc validation, as any-
thing toxic could be harmful for consumption/application. Thus,
the cytotoxicity of the crude leaf extracts of eightmedicinal plants
was determined through their efect on the viability of human
PBMCs after overnight incubation.

Except for the crude extract of P. angustifolium (73.97% dead
cells), none of the species caused more than 50% cell death.
Several studies have isolated and reported cytotoxic saponins
from Pittosporum species [73–75]. Recently, Bäcker et al. (2024)
[75] have isolated seven saponins/triterpene glycosides from
seeds, and all compounds showed cytotoxicity against three

cancer cell lines, namely urinary bladder carcinoma (5637),
breast cancer (MCF7) and glioblastoma IV (LN18) with IC50
values between 1.7± 0.1 and 34.1± 2.3 μM. The high percentage
of dead PBMCs caused by the methanolic leaf extract of
P. angustifolium indicates that the extract may contain other
cytotoxic compounds, as it tested negative for saponins and
glycosides. Thus, this plant should be used with caution for
consumption or treatment, including prior detoxifcation.

Antioxidants can suppress the expression of transcription factors
that induce the secretion of proinfammatory cytokines and
chemokines [93–95]. When crude extracts (except for
P. angustifolium) were tested for anti-infammatory activity using
the LPS-stimulated human PBMCs assay, the crude extracts from
V. microcalyx, TB79 and TB75 most signifcantly suppressed the
release of proinfammatory cytokines, namely TNF, IFN-γ, MCP-
1 and IL-23. TNF is a key cytokine that orchestrates in-
fammatory responses by directly triggering infammatory gene
expression or indirectly inducing cellular apoptosis [96, 97].
Excessive expression of TNF is associated with several
infammatory-related diseases, including infammatory bowel
diseases (IBDs), rheumatoid arthritis and ankylosing spondylitis
[98, 99]. Currently, biologics such as adalimumab, certolizumab
and golimumab that neutralise TNF or block its production are
considered the most efective drugs for treating infammatory
and autoimmune diseases [96, 97]. Many studies have reported
the inhibition of TNF by crude extracts from medicinal plants
[100–102]. Interferon-gamma (IFN-γ) is a pleiotropic cytokine
with a function similar to TNF and additionally induces the
production of nitric oxide (NO) free radicals [103]. All crude
extracts also signifcantly suppressed interleukin (IL)-23, and one
of the main roles of IL-23 in infammation is in the expression/
diferentiation of Th17 (T helper type 17) cells [104, 105]. The
promising anti-infammatory exhibited by all crude extracts is
intriguing; however, it will be difcult to pinpoint the exact cause
of suppression of these cytokines, as crude extracts contain
a mixture of several compounds. Thus, future research should
focus on purifying and characterising pure compounds from anti-
infammatory crude extracts of promising medicinal plant spe-
cies identifed in this study, including TB75, G. australe and
V. macrocalyx. These three medicinal plants are traditionally
used for infammation, cuts, sores and digestive disorders; thus,
they have a high potential for yielding novel anti-infammatory
molecules for treating infammatory-related diseases, including
IBDs, which currently have no cure.

5 | Conclusions and Future Perspectives

As an initial collaborative work towards scientifcally validating
the IBK of the Iningai Aboriginal community in central
Queensland, this study evaluated the crude extracts from eight
medicinal plants for the phytochemical content and antioxidant
and anti-infammatory properties. Four (D. tenuifolia, TB75,
TB79 and P. pubescens) out of eight medicinal plants tested
positive for alkaloids, favonoids and saponins. Except for
G. australe (which tested negative for favonoids), all plant
species contained favonoids and phenolics. All tested species
showed moderate to promising antioxidant activity through
scavenging DPPH free radical, with IC50 values ranging from
37.37± 1.01 μg/mL to 206.50± 2.44 μg/mL. V. macrocalyx
exhibited the highest antioxidant activity (IC50 = 37.37± 1.01 μg/
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mL), followed by P. angustifolium (48.33± 1.07 μg/mL) and TB75
(119.90± 1.11 μg/mL). In the human PBMC viability test, crude
extract from P. angustifolium caused the highest cell death
(73.97% dead cells), indicating potential toxicity to human cells.
Other plants tested did not show high cell death (dead cells <
50%) and may therefore be safe to use naturally.

Seven medicinal plants also exhibited promising anti-
infammatory activity (P. angustifolium was not tested due to
the cell viability results) by suppressing the release of four
proinfammatory cytokines (viz. TNF, IFN-γ, MCP-1 and IL-23)
by the LPS-activated human PBMCs. Based on the signifcance
level of cytokine suppression, TB75,G. australe and V. microcalyx
were the three most active species. Two species—TB75 and TB79
—are currently under investigation to identify novel drug lead
molecules for treating IBDs. For these kinds of studies, estab-
lishing standardised extraction protocols, phytochemical profles
and bioactivity benchmarks would enhance reproducibility and
regulatory acceptance. Such standardisation could facilitate the
development of reliable, evidence-based herbal products suitable
for broader clinical and commercial applications. The results
from the current study highlight strong potential for the targeted
isolation and characterisation of antioxidant and anti-
infammatory lead compounds for the development of novel
therapeutics. Future studies should also focus on comprehensive
metabolite profling of selected bioactive crude extracts to
identify marker compounds responsible for the observed bio-
activity and cytotoxicity.

The study benefted researchers and traditional custodians by
establishing collaboration, partnerships, engagement and re-
lationship ties through a research codesign process. The immediate
benefts to the Iningai people include reinvigorating knowledge,
supporting the passing of IBK from elders to the younger gener-
ation, engagingwith researchers to discover scientifc value in their
IBK and, thus, protecting Iningai intellectual property.
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