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Bioprospecting plant natural products has yielded significant success in
the development of symptomatic treatment of neurodegenerative diseases,
including the two most common, Alzheimer's and Parkinson’s diseases (PD).
Dysregulation of iron has been strongly implicated in the pathophysiology
of these serious intractable diseases. A series of Nigerian endemic plants’
methanolic extracts were explored using a Ferrozine binding iron chelation
assay. This identified Spondias purpurea L. (SP) leaves as a potential therapeutic
candidate and this was determined by evaluation of oxidative stress in
6-hydroxydopamine (6-OHDA)-exposed monoamine cell culture and
Drosophila models of PD and vanadium neurotoxicity. SP treatment protected
CAD cells against 6-OHDA toxicity and improved survival in PINK-1 mutant flies,
though it had little effect on motor deficits. Furthermore, SP treatment reduced
the vanadium-induced reactive oxygen species, and notably, staggered SP
treatment significantly extended lifespan in vanadium-treated flies. Overall,
Spondias purpurea L. leaf methanolic extract exhibited iron-chelating,
antioxidant, neuroprotective, and life-extending properties, relevant to
Parkinson’s disease and vanadium-induced toxicity.
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1 Introduction

Globally, there is an ongoing demographic shift toward increased life expectancy.
Compared to the 1950s when old people (people > 65 years of age) accounted for about
5% of the world population, it is projected that by 2050 the figure will be around 16.7% (1).
While advances in technology and medicine are helping to increase human lifespan, there
has not been a corresponding improvement in “healthspan”— the number of years spent in
good health (2). As a result, age associated diseases such as cancer, diabetes, cardiovascular
diseases, dementia, etc. are gaining prominence worldwide. Age is a major risk factor in
the development of neurodegenerative diseases (NDs) such as Alzheimer’s disease (AD)
and Parkinson’s disease (PD) (3), with about 70% of people living with dementia being
above 75 years of age (4).

Beyond age, exposure to environmental pollutants, such as heavy metals, represents
another significant risk factor in the development of PD (5, 6). Vanadium is one such
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heavy metal of particular concern (7)—a metal widely distributed in
the earth crust and a major contaminant in fossil fuels. Vanadium
exposure can occur in occupational settings within vanadium-
allied industries or through environmental pollution arising from
gas flaring, crude oil spills or other crude oil exploration related
incidents (8, 9). Studies in humans and experimental animal
models have demonstrated vanadium’s neurotoxic properties as
reviewed by (10), including its ability to cause earlier onset of
aging-associated neuropathologies (11). Via its ability to inhibit
phosphatases, vanadium is able to induce hyperphosphorylation
of tau at serine394, and this has been proposed as a potential
mechanistic link between vanadium exposure and tauopathies (12).

Parkinson’s disease is the fastest growing, and second most
common ND worldwide (13). The early clinical presentation
involves motor impairments (bradykinesia, muscle rigidity, and
resting tremor) and cognitive decline at latter stages of the disease
(14). The pathological hallmark of PD is the progressive loss
of dopaminergic neurons in the substantia nigra pars compacta
(SNpc), accompanied by abnormal intraneuronal accumulation
of Lewy bodies in the SNpc and other brain regions (15).
Currently, there is no cure for PD—only symptomatic treatments
are available, and these do not ultimately slow disease progression
(16, 17). Despite the association of most NDs with accumulation
of misfolded protein aggregates, therapeutic strategies targeting
clearance of such aggregates are yet to give satisfactory results.
This has prompted continued investigation into alternative
therapeutic targets.

Iron accumulates regionally in the aging brain and has been
specifically shown to accumulate in brain regions associated with
PD (18, 19). This iron accumulation contributes to oxidative stress
and cellular damage (20), with iron levels in the SN correlating
with disease severity in PD patients (21, 22). Iron can induce
the conformational transformation of a-synuclein—the principal
protein implicated in PD—from its a-helix form to the B-sheets
typically found in Lewy bodies (23-25). a-synuclein mRNA has a
putative iron regulatory element (IRE) at its 5/ untranslated region,
suggesting that intracellular iron levels may regulate its translation,
although this relationship is yet to be conclusively demonstrated
(26). Furthermore, several proteins involved in iron metabolism
are reportedly dysregulated in PD. Ferritin levels in the SN of PD
patients are significantly lower than in age-matched controls (27),
while divalent metal transporter 1 (DMT1) expression is increased
in the SN of PD patients (28). These changes may contribute to
the elevated iron content in the brains of PD patients and could
contribute to the disease progression.

Iron has also been implicated in mitochondrial dysfunction—
an important pathophysiological feature of PD. The relationship
between iron and mitochondria dysfunction is bidirectional:
excess iron can cause mitochondrial fragmentation (29), while
mitochondrial dysfunction can promote iron accumulation via
increased iron regulatory protein 1 (IRP1) activity and elevated
expression of DMT1 and transferrin receptor 1 (TfR1) (30). The
importance of iron in PD pathogenesis is increasingly being
recognized, as evidenced by recent successes of iron chelating
therapies in PD experimental models and clinical trials (31). Iron
plays a central role in multiple pathological processes associated
with PD, including a-synuclein aggregation, oxidative stress, and
mitochondrial dysfunction (26). Additionally, iron modulates
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vanadium toxicity (10, 32, 33). Given these interconnected
mechanisms, we investigated three plants used medicinally in
Nigeria (Carpolobia lutea G. Don, Phyllanthus muellerianus
(Kuntze) Exell and Spondias purpurea L.), for their iron chelating
properties and therapeutic potential in cell culture and Drosophila
models of PD and vanadium neurotoxicity. These plants were
selected based on their documented antioxidant, anticholinesterase
and neuroprotective properties (34-36).

2 Results

2.1 Iron chelation

Using a ferrozine binding assay, we compared the ability of
the selected medicinal plant extracts to chelate iron II relative to
Ethylenediaminetetraacetic acid (EDTA) as a standard. Of the three
plants tested, Spondias purpurea leaf extract (SP) had the highest
chelation efficacy with 23% chelation property at 1 mg/ml and
11% at 0.2 mg/ml, respectively. In contrast, Carpolobia lutea bark
and C. lutea leaf extract had the least chelation efficacy with the
leaf extract having negative values. The results are presented in
Figure 1. Since SP exhibited moderate iron chelating activity at
0.2 mg/ml, we continued with this concentration to evaluate its
therapeutic potential in a cell culture model of PD. SP was also
analyzed using liquid chromatography-mass spectrometry, which
revealed the detection of flavonoids assigned as tetrahydroxy- and
pentahydroxy-flavones, and as gallic and ellagic acid derivatives
(Supplementary Table S1).

2.2 In vitro studies in CAD cells

Cath-a differentiated
catecholaminergic cell line derived from the brain of mice.

(CAD) cells are a variant of a

They express neuron specific proteins and show biochemical and
morphological features of primary neurons. They have active
tyrosine hydroxylase and accumulate 3,4 Dihydroxyphenylalanine
(DOPA)—as such, they have found use as a cell culture model in
PD research.

2.2.1 SP protects against 6-hydroxydopamine
(6-OHDA) toxicity in CAD cells

The neurotoxin, 6-hydroxydopamine has a predilection
for catecholaminergic neurons and it is commonly used in
experimental animal models of PD. Pre-treating CAD cells with
SP (0.2 mg/ml) for 24h before 6-OHDA exposure significantly
preserved cell viability as shown by both MTT and lactate
dehydrogenase (LDH) release assays (Figure 2).

2.3 In vivo studies in Drosophila
melanogaster

2.3.1 SP improves survival of PINK-1 mutant flies

PTEN-Induced kinase 1 (PINK-1) is an important protein
in mitochondrial homeostasis and mutation of its gene is
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Ferrozine binding assay showing the iron chelation property of the methanolic extracts using EDTA as a reference (A) Carpolobia lutea bark (B)
Carpolobia lutea leaves (C) Phyllanthus muellerianus leaves (D) Spondias purpurea leaves.
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post hoc test. ****P < 0.0001.

The effect of plant extracts; Spondias purpurea leaves (SP), Carpolobia lutea bark (CB), and Carpolobia lutea leaves (CL) on 6-OHDA induced toxicity
in CAD cells. (A) MTT assay (B) LDH release assay. Data presented as mean + SEM. Group means were compared using one-way ANOVA and Tukey's
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associated with autosomal recessive juvenile Parkinsonism. Pink-
1 mutant flies have significant mitochondrial defects particularly
in their indirect flight muscles which confers obvious locomotor
deficits and reduced survival on the flies. SP supplementation
improved survival after two weeks (Figure 3A) but did not
ameliorate locomotor deficits as shown in the climbing assay
(Figure 3B).

2.3.2 Continuous administration of SP does not
improve survival in vanadium-exposed flies

In w1118 flies exposed to 1 mM sodium metavanadate, we
observed significant drop in survival in the first 2 weeks of exposure
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as shown in Figure 4A. From the results shown in Figure 3, since 0.1
mg/ml SP worsened the climbing index but improved the survival
of Pink-1 mutant flies, we wanted to see if a slight increase in the
dose (from 0.05 to 0.06 mg/ml) could preserve the effect on survival
without worsening the climbing index in vanadium exposed flies.
Continuous treatment with SP (0.06 mg/ml) appeared to improve
survival between day 5 and day 10 but this protection was lost
afterwards as survival dropped to the level seen in those exposed
to vanadium alone. This was despite the fact that SP treatment
reduced the vanadium induced reactive oxygen species generation
as shown by the DCFDA assay (Figure 4B). This prompted a change
in treatment paradigm where we exposed the vanadium treated flies
to intermittent treatment with SP. We speculated that the extract
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FIGURE 3

Effect of SP on survival and motor deficits in pink-1 mutant flies (n = 60 for all groups): (A) survival curve after 2 weeks of treatment. The proportion
of control, pink-1, SP (0.05 mg/ml) and SP (0.1 mg/ml) at day 14 was 93.3%, 66.67%, 78.33%, and 81.67%, respectively. The survival curves were
compared with a Log-rank (Mantel-Cox) test and found to be significantly different (P = 0.0016). Pairwise comparisons with Bonferroni adjusted
p-values are as follows: Control WT vs. Control mutant, P = 0.0012; Control WT vs. Mutant 4+ SP (0.05 mg/ml), P = 0.1008; Control WT vs. Mutant +
SP (0.1 mg/ml), P = 0.2988; (B) climbing assay after 7 days of treatment. The pink-1 mutant had significantly worse climbing index compared to the
control (P < 0.0001) but the SP 0.1 mg/ml supplementation of the feed worsened the performance in the climbing assay while the 0.05 mg/ml had
no significant effect. Differences between group means were compared using one way ANOVA and Tukey post hoc test. ****P < 0.0001
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Effect of SP on the survival and generation of reactive oxygen species in vanadium treated flies (n = 100 for all groups): (A) survival curve after 14 days
of treatment. On day 14, the survival proportion of control, vanadium and vanadium + SP (0.06 mg/ml) treated groups were 81%, 57%, and 62%,
respectively. The survival curves were compared with Log-rank (Mantel-Cox) test and vanadium treatment significantly reduced survival of the
vanadium treated flies (P = 0.0007) but SP treatment was unable to mitigate this effect. Pairwise comparisons with Bonferroni adjusted p-values are
as follows: Control vs. Vanadium (1 mM), P = 0.0003; Control vs. Van + SP (0.06 mg/ml), P = 0.0057; (B) DCFDA assay. After 14 days of exposure,
vanadium significantly increased the generation of ROS compared with the control group as shown in this figure. SP treatment significantly reduced
vanadium induced ROS generation, although the ROS level did not get as low as that of the control group. Data expressed as mean + SEM and
differences between group means compared using one-way ANOVA and Tukey's post hoc test. ****P < 0.0001.

may have accumulated in the flies and exacerbated the toxicity
of vanadium.

2.3.3 Intermittent SP treatment improves survival
in vanadium exposed flies

In wildtype fruit flies, a significant improvement in
survival following vanadium exposure was observed when SP
supplementation of the feed at 0.05 mg/ml was not continuous
(Figure 5). This was achieved in two ways: flies in the first
intermittent group (S1) received SP supplementation of their diet
continuously for the first seven days of vanadium treatment and
the SP was withdrawn from day 8-15; the second group of flies,
(S2) received SP supplementation of their diet every 3 days (3
days on, 3 days off). When intermittent SP treatment of vanadium
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exposed flies was restricted to only the second week, the effect on
survival was not as significant as when the intermittent treatment
started from the first week (Figure 6), and the antioxidant thiol
level showed a trend toward improvement relative to the vanadium
only group.

3 Discussion

Iron plays a role in the major cellular pathologies associated
with PD (26) and the ability to chelate iron is useful to select
plant species for further evaluation as a potential therapeutic agent
in PD. The methanolic extract of Carpolobia lutea G. Don leaves
had negative chelation results in the ferrozine binding assay, which
suggests the presence of iron in the leaves. Indeed, Ayoola et al.
(37) reported an iron concentration of 449.54 £+ 0.02 ppm in C.
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lutea leaves. It can therefore be speculated that C. lutea leaves could
potentially exacerbate PD symptoms if administered to PD patients.
Iron has numerous important physiological roles in the body.
It is important in mitochondrial respiration, myelin synthesis,
oxygen transport, and neurotransmitter synthesis, for example (14).
A strong iron chelator could therefore be counterproductive in
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FIGURE 5

Effect of intermittent SP treatment on survival of vanadium treated
flies. Control group (n = 60) were raised on instant drosophila feed
from day 1 — 15; Vanadium group (n = 60) received 5mM sodium
metavanadate from day 1 to day 15; S1 (n = 60) received 5mM
sodium metavanadate from day 1-15 as well as 0.05 mg/ml of
Spondias purpurea extract from day 1-7; S2 (n = 42) received 5 mM
sodium metavanadate from day 1-15 as well as 0.05 mg/ml of
Spondias purpurea extract staggered (3 days on, 3 days off) from
day 1-15. Survival proportions at day 15 are as follows: control,
88.3%; Vanadium, 51.67%; S1, 60%; S2, 71.43%. The survival curves
were compared with Log-rank (Mantel-Cox) test and found to be
significantly different (P < 0.0001). Pairwise comparisons with
Bonferroni adjusted p-values are as follows: CTRL vs. VAN, P =
0.0006; CTRL vs. S1, P = 0.0042; CTRL vs. S2, P = 0.246.

10.3389/fneur.2025.1667943

the management of PD. The mild chelating activity of SP at 0.2
mg/ml is therefore desirable, as it may mitigate pathological iron
accumulation without disrupting essential physiological functions.
for

it
useful in experimental models of PD (38). CAD cells, being

6-Hydroxydopamine is a neurotoxin selective

catecholaminergic neurons, and its specificity makes
catecholaminergic cells are sensitive to 6-OHDA. The mechanism
of toxicity is complex and uncertain. Putative mechanisms
include: inhibition of mitochondrial function, generalized protein
modifications leading to endoplasmic reticulum stress, release of
Fe(II) from intracellular stores, and generation of reactive oxygen
species (39). The ability of SP to chelate iron is likely behind the
protection from 6-OHDA toxicity in CAD cells that was observed.
Other iron chelators have also been effective in ameliorating
6-OHDA-induced neurotoxicity (40).

Pink-1 mutation is associated with autosomal recessive
juvenile Parkinsonism, a disease characterized by motor deficits
and dopaminergic neurodegeneration. Studies in Pink-1 mutant
Drosophila have shown that mitochondrial dysfunction underlies
the major degenerative changes observed in those flies. We
observed that SP ameliorated the impaired survival, but not the
long-term locomotor deficits in Pink-1 mutant flies. Perhaps the
two phenotypes are influenced by different pathways or the motor
deficits are already established and only short-term benefits can
be seen. The locomotor deficits observed in Pink-1 mutant flies
primarily result from mitochondrial dysfunction in the muscles, as
reported by (41). They documented that locomotor deficits can be
seen as early as 3 days in Pink-1 mutant flies, whereas dopaminergic
neuronal loss is not observed until the flies reach 30 days of age.
Liu et al. (42) reported amelioration of both survival and motor
deficits when treatment started from larval stage of development
which suggests that structural defects are perhaps more difficult to

remedy completely once formed. The mitochondrial dysfunction
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FIGURE 6

Effect of intermittent SP treatment on survival and total thiol levels of vanadium treated flies (A) survival curve. The control group (n = 90) were raised
on instant drosophila feed from day 1-15; vanadium group (n = 90) received 5 mM sodium metavanadate from day 1-15; S3 (n = 66) received 5mM
sodium metavanadate from day 1-15 as well as 0.05 mg/ml of Spondias purpurea extract from day 7-15; S4 (n = 90) received 5 mM sodium
metavanadate from day 1-15 as well as 0.05 mg/ml of Spondias purpurea extract staggered (3 days on, 3 days off) from day 7—-15. Survival
proportions at day 15 are as follows: control, 75.5%; Vanadium, 50%; S3, 51.25%; S4, 63.3%. The survival curves were compared with Log-rank
(Mantel-Cox) test and found to be significantly different (P = 0.0059). Pairwise comparisons with Bonferroni adjusted p-values are as follows: Control
vs Vanadium (5mM), P = 0.0144; Control vs. S3, P = 0.0204; Control vs. S4, P = 0.9906. (B) Total thiol assay. Data expressed as mean + SEM. Group
means were compared using one-way ANOVA and Tukey's multiple comparisons test. Vanadium caused a statistically significant reduction in the
total thiol levels compared to the control group (****P < 0.0001). This reduction was not mitigated by SP although the S4 group showed a positive

trend toward recovery (**P = 0.001).
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in Pink-1 flies makes them prone to oxidative stress and this is
supported by the lower TSH levels relative to control. SP treatment
showed a trend toward improvement in TSH levels.

The role of reactive oxygen species in vanadium toxicity is
well established (10, 43, 44), and the ability of vanadium to induce
ROS is linked to its ability to disrupt iron homeostasis. Vanadium
is reported to release iron from ferritin, and desferroxamine, an
iron chelator, has been shown to protect against vanadium induced
neurotoxicity (32). The iron chelating ability of SP is probably
responsible for its ability to improve the survival of vanadium
exposed Drosophila melanogaster. This property was observed for
other plant products, such as Aloysia citrodora Palau, with modest
iron chelating properties (45). This protection is only evident when
the dosing is intermittent rather than continuous. We hypothesize
that the extracts may be accumulating in the body. This is suggested
by the observation that the S2 and S4 groups, which received the
extract for 3 days followed by 3 days without it (alternating), had
better outcomes compared to the S1 and S3 groups, which received
the extract continuously for seven days. These findings suggest
that continuous administration of SP may exacerbate vanadium
toxicity, and requires further investigation.

4 Materials and methods

4.1 Plant extracts

Methanolic extracts of the leaves of Carpolobia lutea G. Don,
Spondias purpurea L., Phyllanthus muellerianus (Kuntze) Exell and
the bark of C. lutea were kind donations from Prof Elufioye of the
Department of Pharmacognosy, University of Ibadan.

The provenance details are as follows:

Spondias purpurea L.

The leaves were collected from Oworo District of Lokoja Local
Government Area, Kogi State, Nigeria in April 2016. The plant was
identified by Mr. A. Adeyemo of Forest Herbarium Ibadan (FHI),
where a voucher specimen (FHI 110431) was deposited.

Phyllanthus muellerianus (Kuntze) Exell

The leaves were collected in Enugu State, Nigeria in November
2016, and authenticated at Forestry Herbarium Ibadan (FHI),
where a voucher specimen, with voucher number FHI 111339
was deposited.

Carpolobia lutea G. Don

The leaves of Carpolobia lutea were collected from Aba Oluwo
Forest in Ibadan, Nigeria in February 2020 and authenticated at
Forestry Herbarium Ibadan (FHI), where a voucher specimen, with
voucher number FHI 112847 was deposited.

The bioactive S. purpurea methanolic extract was analyzed
using liquid chromatography-mass spectrometry (the LC-MS
method is described in the Supplementary material). Before use in
cell culture studies, the extracts were dissolved in 2.5% DMSO and

sterilized by filtration through a 0.2 pm Millipore filter.
4.2 Ferrozine binding assay

To assess the iron chelating property of the extracts, a ferrozine
binding assay was carried out using a method adapted from (46).

Briefly, different concentrations of the extracts were prepared in
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methanol (0, 0.1, 0.2, 0.4, 0.8, and 1 mg/ml). To 1ml of each
solution, 50 pl of 2mM FeCl, was added. One mg/ml sodium
EDTA was used as a positive control (standard). Subsequently, 200
wl of 5mM ferrozine was added and the mixture was vortexed
and left to sit at room temperature on the bench for 10 min. Two
hundred pl aliquots of the solution were transferred in triplicate
to 96 well plates and the absorbance was read at 562nm on a
spectrophotometer. The percentage inhibition of Fe?*-ferrozine
complex formation was calculated as: (%) x100.

Where Ac is absorbance of control and As is the absorbance of
the sample or standard.

4.3 CAD cell culture

CAD cells were grown as described by (47); the cells were grown
in Dulbecco modified eagle’s medium (DMEM/F-12) supplemented
with 10% fetal bovine serum (FBS) and kept in an incubator set
at 37 °C and 5% CO2 passaging was done at 1:5 dilution every
4-5 days.

4.4 CAD cell treatment with
6-hydroxydopamine and plant extracts

Cells are dislodged from flasks at 70%—80% confluency by
gentle pipetting. The cell suspension was transferred into 15ml
tubes and centrifuged at 200g at 4 °C for 5min. the pellet was
resuspended at 1:4 dilution and the cells were plated in 24-well
plates and grown for 24 h in the incubator. After 24 h, the media
was carefully removed and replaced with fresh media containing
the different treatment substances as described below:

a) Determination of doses: To determine which dose of
the extracts to use, the cells were exposed to different
concentrations (0.2, 0.4, 0.6, 0.8, and 1 mg/ml). The LDs
of 6-OHDA was determined by exposing the cells to 10 M,
20 M, 40 uM, 60 uM, and 80 uM of 6-OHDA. After 24h,
MTT assays were carried out to determine viability of the cells.
The results are presented in Supplementary Figures S1, S2.

b) Neuroprotection study: Cells were pretreated with the chosen
extract concentration for 24h followed by introduction of
20 M 6-OHDA. After an additional 24h, MTT and LDH
assays were carried out to assess the protective effects of the
plant extracts against 6-OHDA toxicity.

4.5 MTT assay

Cell viability was tested using the MTT assay as described
(47). Briefly, 5 mg/ml MTT solution in phosphate buffered saline
was added to the cells. The cells were then returned into the
incubator for 150 min. Subsequently, the MTT-containing medium
was removed and the cells were rinsed with PBS, and isopropanol
was added to dissolve the formazan product. Sample absorbance
was measured at 595 nm on a spectrophotometer.
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4.6 LDH release assay

The CytoTox 96 non-radioactive assay kit from Promega was
used to quantify lactate dehydrogenase (LDH) released from the
cells. This was done according to the manufacturer’s instruction.

4.7 Fly stocks and culture conditions

Drosophila melanogaster strains used in this study included
Harwich, Dahomey, w!!'® wild-type and PINK-1 mutant (w-PINK-
1 B9/EM7.GFPw+). The flies were kept in an incubator at 25 °C
and 12-h light: dark cycle. Flies were fed instant Drosophila medium
(Formula 4-24% , Carolina Biological Supply Company, Burlington
NC, USA) according to the manufacturer’s instructions. Flies were
transferred into new treatment vials with fresh feed every 3 days.

4.8 Drosophila treatment

Male flies aged 1-3 days were selected under CO, anesthesia
into treatment vials containing fresh feed mixed with the
appropriate treatment substances. Each treatment group contained
5 vials with 20 flies per vial. Each experiment was for 14 days except
otherwise stated. Flies were transferred into new treatment vials
every 3 days. Dead flies were counted daily to compute survival
curves. On day 7, a climbing assay was carried out as described
by (41).

4.9 Biochemical assays on fly heads

At the end of the experiments, flies were transferred into
an empty 15ml centrifuge tube and snap-frozen by immersion
liquid nitrogen. The tubes were then vortexed to decapitate the
frozen flies. Fly heads were transferred into pre-weighed Eppendorf
tubes and homogenized in 0.1 M phosphate buffered saline (PBS)
and subsequently centrifuged for 10 min at 4,000xg at 4 °C. The
supernatant was stored at —20 °C for downstream applications:

a. Total thiol measurement: This was carried out using the
method described by (48). Twenty pl of the sample, 10
pl of DTNB and 170 pnl of 0.1 M PBS constituted the
reaction mixture. The mixture was incubated for 30 min
on the benchtop after which the sample absorbance
was read at 412nm on a spectrophotometer. Reduced
glutathione was used as a standard and the total thiol
concentration was expressed as nmol/mg of protein
in the sample.

b. Reactive Oxygen Species Assay: ROS levels in fly samples
were detected using the dichlorofluorescein diacetate
(DCFDA) assay as described by (45). The fluorescent
product of DCFDA oxidation was measured at 30s interval
for 10min on a fluorescent spectrophotometer (BioTek
synergy HIl
wavelengths were set at 488 nm/525nm. The rate of

multimode reader). Excitation/emission

DCF formation was expressed as a percentage of the
control group.
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