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Abstract

Oxidative stress is considered as an important causative factor in several
neurodegenerative diseases. The study was aimed to determine the antioxidant properties of
seven neurotonic Thai plants, possibly influencing their neuroprotective effect in human being.
Antioxidant power was evaluated by ferric reduction and lipid peroxidation inhibition and cellular
reactive oxygen species (ROS) suppression. The ability to suppress cellular oxidative stress was
demonstrsted in differentiated SH-SYS5Y neuroblastoma cells in which the intracellular ROS was
detected by fluorescence dye. Whereas Terminalia bellirica (Gaertn.) Roxb. and Albizia procera
(Roxb.) Benth. acted as the good ferric reducing agents, Cassia fisfula L. and Stephania suberosa
Forman seemed to be the potent inhibitors of lipid peroxidation. Ferric reduction was expected to
be responsible for lipid peroxidation inhibition because the linear correlation of these two acltivities.
These plant extracts could also effectively suppress the formation of intracellular ROS in
neuroblastoma SH-SY5Y cells, regardless of the exiracts were added before or during the oxidative
process. |t could be conclude that most of the selected plants demonstrated strong antioxidant
aclivity by acting as metal reducing agents, lipid peroxidation inhibitors, and/or intracellular ROS
suppressants. This study provides the potential mechanisms as neuroprotective agents of Thai

neurofonic plants which could be beneficial to prevent or delay neurodegenerative processes.
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Lipid Peroxidation inhibition

Lipid Peroxidation Inhibition
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A15191 3 Lipid peroxidation inhibition of plant extracts

95% confidence

Plant extract IC,, (LLg/mi) interval (CI)
S. suberosa 5.93 3.50-8.32
C. fistula 6.47 4.15-10.09
A. procera 29.32 16.23-52.98
T. divaricata 63.86 41.37-98.57
T. bellirica To1.7 61.27-426.9
C. rotundus 329.5 84.51-1285
-B. superba 902.9 173.2-4707

; . : v o . :
A1 1C,, $IMIMAIY Prism program uazuaalludafsuasdn 95% confident interval (Ch)

ANNINAREY 3 NMINaaedlasudaznnimasadvingl 2 a39 (duplication)
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ABSTRACT
Aim of study: Oxidative stress is considered as an important causative factor in several
neurodegenerative diseases. The study was aimed to determine the antioxidant properties
of seven neurotonic Thai plants, possibly inﬂuenciﬁg their neuroprotective effect in human
being.
Material and Methods: Antioxidant power was evaluated by ferric reduction and lipid
peroxidation inhibition and cellular reactive oxygen species (ROS) suppression. The
ability to suppress cellular oxidative stress was demonstrated in differentiated SH-SY5Y
neuroblastoma cells in which the intracellular ROS was detected by fluorescence dye.
Results: Whereas Terminalia bellirica (Gaertn.) Roxb. and Albizia procera (Roxb.) Benth.
acted as the ferric reducing agents, Cassia fistula 1. and Stephania suberosa Forman
seemed to be the potent inhibitors of lipid peroxidation. Ferric reduction was expected to
be responsible for lipid peroxidation inhibition because the linear correlation of these two
activities. These plant extracts could also effectively suppress the formation of
intracellular ROS in neuroblastoma SH-SYS5Y cells, regardless of the extracts were added
before or during the oxidative process.
Conclusions: Most of the selected plants demonstrated strong antioxidant activity by
acting as metal reducing agents, lipid peroxidation inhibitors, and/or intracellular ROS
suppressants. This study provides the potential mechanisms as neuroprotective agents of
Thai neurotonic plants which could be beneficial to prevent or delay neurodegenerative

processes.

Keywords: antioxidant, reactive oxygen species, neuroprotection, neurodegenerative

disease, Thai plant, herbal medicine
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1. Iniroduction

Oxygen free radicals or reactive oxygen species (ROS) are products of normal
cellular metabolism. Overproduction of ROS is termed oxidative stress lead to harmful
effect resulting from biological damage to cellular lipid, protein and DNA (Valko et al.,
2007). Oxidative stress has been implicated in various pathological conditions such as
cardiovascular diseases, cancer, and neurological disorders (Valko et al., 2007).

The brain consumes large amount of oxygen and is particularly vulnerable to
oxidative damage. There is substantial evidence showing the relationships of ROS
production, induction of cell death (apoptosis or necrosis) and pathogenesis of neurological
disorders including Alzheimer’s disease (AD), Parkinson’s disease (PD), and amyotrophic
lateral sclerosis (ALS) (Esposito et al., 2002; Valko et al., 2007). Thus, there are large
numbers of experiments showing the neuroprotective effect of antioxidants including
vitamins and natural substances in in vitro and in animal models of neurodegeneration
(Esposito et al., 2002). Although the efficacy of these antioxidants for treatment of
neurodegenerative disorders is still unclear, their potentials as alternative therapy or
nutritional supplement to slow down the progression of those neuronal diseases have much
received much attention. Therefore there is increasing number of studies investigating the
neuroprotective effects of neutritional antioxidants as well as natural compounds (Acharya
et al., 2008; De Ruvo et al., 2000; Steele et al., 2007).

In Thailand, there are a number of herbal medicines that are believed to have
rejuvenating and neurotonic effects. In the present study, selected neurotonic plants
including Cyperus rotundus L., Cassia fistula 1., Tabernaemontana divaricata (L.) R. Br.
ex Roem. & Schult., Butea superba Roxb., Albizia procera (Roxb.) Benth., Stephania
suberosa Forman, and Terminalia bellerica (Gaertn.) Roxb, were evaluated for the
antioxidant properties potentially accounting for their neuroprotection. Some of these

plants were previously demonstrated their beneficial effect for AD by inhibiting
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acetylcholinesterase (AChE) activity (Ingkaninan et al., 2003). Some of them such as C.
rotundus, C. fistula, and T. divaricata exhibited antioxida;nt activity in in vitro assays
(Kilani et al., 2008; Luximon-Ramma et al., 2002; Thind et al., 2008; Yazdanparast and
Ardestani, 2007). This study was aimed to test the ability of these plant extracts to
suppress the oxidative stress in test tube and cell culture models. Our results indicated that
some of the selected plant extracts demonstrated strong antioxidant activity by acting as
metal reducing agents and lipid peroxidation inhibitors. Interestingly, these plants extracts

could reduce the formation of intracellular ROS in neurobalstoma SH-SYSY cell line.

2. Materials and Methods
2. 1. Materials

(MTT), 24,6-tripyridyl-s-trizine  (TPTZ), 5,5’-dithio(bis)nitrobenzoic  acid
(DTNB), aprotinin, leupeptin, pepstatin A, phenylmethylsulphonyl fluoride (PMSF),
acetylthiocholine iodide, trichloroacetic acid, thiobarbituric acid, 2°,7°-dichlorofluorescein
diacetate (DCFH-DA), Retinoic acid, 2,2’-azobis(2-amidinopropane)hydrochloride
(AAPH), and all the materials for cell culture were purchased from Sigma (St. Louis, MO).

Fetal bovine serum was purchased from Gibco.

2.2, Preparation of plant extracts

Plants were collected from Phetburi province, Thailand. It was identified by Assoc.
Prof. Dr. Wongsatit Chuakul, Faculty of Pharmacy, Mahidol University, Thailand. The
voucher specimen was kept at the PBM Herbarium, Mahidol University, Thailand. The
aerial part was collected, cut into small pieces and dried in a hot-air oven at 50°C for 12 h.
The dried plant material was coarsely powdered. The dried plant material was soaked in
water. After 24 h, the water was mechanically squeezed out of the plant material. The

plant material was percolated with 95% ethanol for 8 h. The residue was extracted again
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twice using the same procedure. The combined extract was filtrated and dried

reduced pressure.

2.3. Cell culture preparation =5 JUL 201
Human neuroblastoma SH-SYSY cells were obtained from the American Type
Culture Collection (ATCC). Cells were grown in Dulbecco's modified Eagle's medium
(DMEM)/Ham's F-12 containing 10% fetal bovine serum (FBS) and 1% penicillin—
streptomycin. Cells were maintained at 37 °C in CO; incubator in a saturated humidity
atmosphere containing 95% air and 5% CO,. All cell lines were propagated in culture
flasks and subsequently plated in 96-well plates for treatments. The medium was then
changed to DMEM supplemented 1% FBS and 10 pM retinoic acid and the cells allowed

to differentiate for 6 days.

2.4. Cell viability test

Cultured cell survival was quantified by MTT assay. MTT assay is based on the
ability of a mitochondria dehydrogenase enzyme from viable cells to cleave the tetrazolium
rings of the pale yellow MTT and form dark blue formazan crystals. Two hours before the
end of cell treatments, 20 pl of MTT (5 mg/ml in phosphate buffer saline, PBS) were
added to each well. At the end of treatment, the medium was remove, 200 pl of
DMSO:ethanol (1:1) were added to each well to dissolve crystals. The color was

quantified using ELISA reader at 550 i,

2.5. Lipid peroxidation determination
To initiate lipid peroxidation, rat brain homogenates were incubated with 400 pM

FeCly and 200 pM ascorbic acid at 37 °C for 1 h. Each plant extract was added to the brain
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homogenate before lipid peroxidation induction. At the end of the incubation period,
TBAR solution (10% trichloroacetic acid, 7% thiobarbituric acid, and 4% HCI final) was
added to the mixtures, heated at 95°C for 1 h, cooled to room temperature, and spun at
3000xg for 5 min to pellet precipitated protein. The clarified supernatant was read on a
plate reader at 532 nm. Lipid peroxidation was calculated and converted to percentage of

untreated controls.

2.6. Ferric reducing antioxidant power (FRAP assay)

The FRAP assay was used to determine the reducing ability of tested plant extracts.
The method was previously described (Benzie and Strain, 1996). Briefly, FRAP reagent
was freshly prepared by mixing 3 mM acetate buffer, pH 3.6, 10 mM TPTZ in 40 mM

HCl, 20 mM FeCl3 (10:1:1). Tested plant extract (50 pl) was added to 150 pl of FRAP

reagent. The absorbance was read at 593 nM. The results were expressed in pM of Fe?*

ions.

2.7. Determination reactive oxygen species (ROS)

Differentiated SH-SYSY cells were treated with | mM AAPH for indicated period.
ROS determination was performed by using a fluorescent probe DCFH-DA. 10 uM of
DCFH-DA in methanol were added to medium and incubated at 37°C for 30 min. Cells
were washed twice with PBS to remove the excess of DCFH-DA. To test protective effect
of plant extract, differentiated SH-SY5Y cells were incubated with the extract 30 min
either before or after adding free radical generator APPH. Intracellular ROS generated in
the cells causes oxidation of DCFH-DA, yielding the fluorescent product 2'7'-
dichlorofluorescein (DCF). The fluorescence was monitored by spectrofluorometer at

excitation 485 nm and emission 530 nM.
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2.8. Statistical analysis

Results are expressed as the mean+SEM of n experiments. The data were analyzed
by repeated measurements of one-way analysis of variance (ANOVA). Differences were
considered to be significance when p < 0.05. 50% inhibitory concentration (IC50) values

were calculated using the Prism program (GraphPad Sofiware Inc).

3. Results
3.1. Reducing activity of plant extracts

In this study, the FRAP assay was used to test the reducing activity of plant
extracts. The ability to reduce ferric (Fe’") to ferrous (Fe**) was determined. Our result
showed the increasing amount of Fe** jon in the presence of increasing concentrations of
all plant extracts in the dose-dependent manner (figure 1). The extract from 7. bellirica
exhibited the highest reducing activity followed by 4. procera, C. rotundus, C. fistula, T.
divaricata, S. suberosa, and B. superba. This result indicated that all selected neurotonic
plant extracts had ability to reduce ferric ions and their reducing powers were clearly

concentration dependent.

3.2. Lipid peroxidation inhibition

Our results also showed that all selected neurotonic plant extracts inhibited the lipid
peroxidation reaction of brain homogenate in a dose-dependent manner. The example
dose-response curve of 7. divaricata of lipid peroxidation inhibition was showed in figure
2. The ICsq of lipid peroxidation inhibitory activity of all plant extracts were calculated
and demonstrated in table 2. The extract from S. suberosa and C. fistula demonstrated the
ICso in the micromolar level, 5.93 and 6.47 pg/ml, respectively, indicating as potent
inhibitors of lipid peroxidation.
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3.3. Correlation of reducing and lipid peroxidation inhibitory activities

From this study, all tested extracts exhibited different antioxidant power. Although
difference in strength, they have both reducing and lipid peroxidation inhibitory activities.
The ability to reduce metal ions of any compounds in the extracts may be responsible for
the suppression of lipid peroxidation reaction. Thus, the correlations of the two
antioxidant activities were performed as shown in figure 3. The extracts from T.
divaricata, A. procera, C. rotundus and T. bellirica demonstrated the linear correlations
between their reducing and lipid peroxidation inhibitory activities (figure 3A).
Interestingly, the correlation of these two activities was non-linear for the extracts from C.
fistula and S. suberosa (figure 3B). These two plants were previously indicated as strong
inhibitors against lipid peroxidation, whereas their reducing activity was moderate. This
information suggested additional antioxidant mechanisms participating in lipid

peroxidation inhibition besides metal reduction.

3.4. Suppressive effect of neurotonic plant extracts on intracellular ROS formation

To determine whether the antioxidant power of the extracts could be occurred in
neuronal cells, the level of ROS in neuroblastoma cell line SH-SY5Y was measured.
Differentiated SH-SYSY cells were pre-treated with individual plant extract (1, 10 and 100
pg/ml) prior to generating oxidative stress with AAPH, the free radical generator (figure
4A). These cells were pre-loaded with DCFH-DA which could react with intracellular
ROS to form fluorescent DCF. The result demonstrated that the production of ROS inside
SH-SYSY cells was decreased after incubating with tested plant extracts in the dose-
dependent manner (figure 4). The intracellular ROS formation was diminished by the
extracts of 1. bellirica > C. fistula > A. procera > S. suberosa > T. divaricata > B. supera

> C. rotundus, respectively. The decrease in ROS level was not the result of the decrease
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in cultured cell numbers because the extracts at all tested concentrations did not have effect
on SH-SY5Y cell viability (data not shown). However, the extracts from 7. divaricata and
A. procera at 100 pg/ml showed slightly decrease in cell viability, approximately 20%.
This result suggests that this group of Thai neurotonic plants could suppress cellular
oxidative stress by lowering intracellular ROS level.

This suppression was observed when cells were exposed to the extract prior to the
free radicals was added, suggesting the oxidation preventive effect. The later experiments
were conducted to test whether these plant extracts would be effective to inhibit ROS
production if free radicals or oxidative stress already oceurred. The result showed that all
extracts could also suppress intracellular ROS level when the extracts were added after
oxidation happened in the similar pattern as previous experiments (figure 4B). However,
the inhibitory effect in this case was not as effective as the ability to prevent cellular
oxidation. In addition to preventive effect, this study suggests the ability of the extracts to

slow down the propagation process of neuronal oxidation reaction.

4. Discussions

Antioxidant power of any substances can be determined by several different
methods according to their mechanism of actions including free radical scavenger, metal
chelator, lipid peroxidation inhibition, and reducing activity. In this study, the extracts of
selected neurotonic plants were tested for their ability to suppress the in vitro oxidative
stress by monitoring the ferric ion reduction and lipid peroxidation inhibitory activity.

From this study, the extracts from 7. bellirica and A. procera acted as potent
reducing agents. The reduction of Fe** to Fe?* by these extracts could possibly counteract
with an oxidation reaction generally occurred in living organisms. Although Fe** ion
participates in the Fenton reaction, generating highly reactive hydroxyl radical (Fe** +
H,0, > Fe*' + "ol +0OH’) (Liochev and Fridovich, 1994), the significance of free iron
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under physiological condition is not clear due to the sequestration by various metal-binding
proteins (Kakhlon and Cabantchik, 2002). Interestingly, the extracellular Fe*" was found
to protect the intracellular space from HyO, probably by initiating the Fenton reaction
outside the cell (Hempel et al., 1996). Despite "OH is a highly reactive oxygen radical, it
has a very short half-life and reacts nearby it site of formation (Pastor et al., 2000). Thus
"OH generated from H,0, in extracellular space might react with noncellular components,
thereby protecting the intracellular elements. In addition, the increase in the Fe**/Fe?" ratio
was demonstrated in iron-induced oxidative stress in the blood sample of patients
compared to healthy controls (Selvi et al., 2007). Taken together these neurotonic plants
could potentially prevent neuronal cells from the extracellular oxidative stress by
suppressing the Fe’'/Fe?’ ratio.

It is known that metal-induced generation of ROS resulting in the attack of DNA,
protein and lipid, particularly polyunsaturated fatty acid (Valko et al., 2007). The
oxidation of fatty acid initiates peroxyl radical (ROO") and consequently leads to the
propagation of lipid peroxidation process generating malondialdehyde (MDA) final
product (Marnett, 1999; Wang et al., 1996). MDA lipid peroxidation product can be
detected by TBARs assay. Besides Fe’* reducing activity, all extracts used in this study
were tested for their lipid peroxidation inhibition. Our result demonstrated that the extracts
from S. suberosa and C. fistula were very effective to inhibit lipid peroxidation.
Interestingly, lipid peroxidation inhibitory effect of most extracts was proportional
corresponding to their metal reducing activity. Metal reduction occurred in aqueous
compartment might consequently lead to the oxidation suppression of cellular lipid
components. However, this correlation was not observed in the extracts from S, suberosa
and C. fistula. In addition to metal reduction, additional mechanisms such as free radical
scavenging or chain-breaking abilities were probably accounted for their lipid peroxidation

inhibition causing them strong inhibitors of lipid oxidation.
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Since some of tested extracts showed high antioxidant activities, we further
investigated whether they could suppress the oxidative stress in neuronal cells. The
production of ROS inside SH-SY5Y neuroblastoma cells was monitored following
oxidative stress induction by AAPH. When cells were incubated with plant extracts before
initiation of free radical in the medium, the extract from 7. bellirica showed the best
suppression of intracellular ROS formation. In this study, 7. bellirica extract also showed
the best ferric reducing activity which might consequently lead to effectively lowering
ROS level inside cells. However, metal-reduction ability did not seem to be the only
mechanism of action of cellular ROS suppression. The extracts from C. rofundus and C.
fistula showed the very similar ferric reducing activity but the former expressed the least
ROS suppression whereas the later could suppress ROS formation effectively. The lipid
peroxidation inhibitory effect of C. fistula was perhaps involved with the intracellular ROS
decrement. In addition, the ability of active constituents in the extract to pass through
plasma membrane either to directly scavenge free radical or interrupt the oxidation process
in cell interior, might be one of the significant factors directing differences in inhibiting
cellular oxidative stress.

The result here also demonstrates that this group of neurotonic plants could
suppress the cellular oxidative stress even though they were applied in the midst of
ongoing oxidation reaction. This effect is likely to be beneficial for slowing down the
progression of neurodegeneration resulted from overproduction of oxidative substances.

At this point, there is still limited number of studies demonstrating the potential of
this group of plants as the neuroprotective agents. Previous study reported the
acetylcholinesterase inhibitory activity of 7. divaricata, S. suberosa, B. superba and C.
Jistula (Chattipakorn et al., 2007; Ingkaninan et al., 2003). Together with their antioxidant
properties and neuronal ROS suppression, some of them possibly could be effectively used

as an alternative therapy or supplement in neurodegenerative disorders. However, further
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intensive experiments are required to provide adequate information such as identification

of their active constituents as well as in vivo study.

5. Conclusions

The present study demonstrates the antioxidant properties of some neurotonic Thai
plants in terms of metal reduction, lipid peroxidation inhibition and cellular ROS
suppression. For some plant extracts, ferric reducing ability was likely to be responsible
for inhibition of lipid peroxidation since these two antioxidant mechanisms display
proportional relationships. Beside metal reduction, extra antioxidant mechanisms seem to
be involved in lipid peroxidation inhibition for C. fistula and S. suberosa. Interestingly,
several of the selected plants could effectively suppress the production of intracellular ROS
in SH-SYSY neuroblastoma cells. Taken together, some of these selected neurotonic Thai
plants exhibit strong antioxidant activities which could be beneficial as neuroprotective
agents in patients with certain neurodegenerative disorders or as supplement to prevent

naturally degeneration of neuronal cells in risk group people.
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Figure 1. Ferric ion reducing activity of plant extraets. Various concentrations of
selected plant extracts were incubated with Fe** ions for 60 min. The amount of Fe** jons
generated from Fe®* ions were then measured by FRAP assay. The results are mean+SEM

from 3 experiments performing in triplicates.
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Figure 2. Dose-response curve of lipid peroxidation inhibitory activity of 7. divaricata
extract. Lipid peroxidation reactions were generated in the presence of various
concentrations of T. divaricata extracts and were measured by the TBARs assay. Degrees
of inhibitory activity were calculated as % of control in which lipid peroxidation was
conducted in the absence of T. divaricata extract. The results are meantSEM from 3

experiments performing in duplicates.
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Figure 3. Correlation between ferric reducing and lipid peroxidation inhibitory
activities. Each point on the graph represents ferric ion reduction and lipid peroxidation
inhibition of each plant extract at the same concentration. The extracts from T. divaricata,
A. procera, C. rotundus and T. bellirica show linear correlation (3A) whereas these of C.

fistula and S. suberosa display non-linear pattern (3B).
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Figure 4. Effect of plant extracts on intracellular ROS production. Differentiated SH-

SY5Y neuroblastoma cells were pre-treated with the selected plant exiracts before AAPH

(A) or the extracts were added into the medium after free radical AAPH (B). All plant

extracts were dissolved in DMSO provided non-toxic 0.1% final concentration in culture

medium. The levels of ROS inside cells were measure by DFC fluorescence. The results

are meantSEM from 3 experiments performing in triplicates.
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Table 1. The selected neurotonic plant extracts used in this study

Plant Part

Cyperus rotundus L. Rhizome
Cassia fistula L. Root
Tabernaemontana divaricata (1..) R. Root
Br. ex Roem. & Schult.

Butea superba Roxb. Tuber
Albizia procera (Roxb.) Benth. Stem bark
Stephania suberosa Forman Tuber
Terminalia bellirica (Gaertn.) Roxb. Fruit
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Table 2 Lipid peroxidation inhibition of plant extracts

.“

Plant extract | ICsp (ug/ml) 955?;;::{1?&3;1)&

S. suberosa 5.93 3.50-8.32

C. fistula 6.47 4.15-10.09
A. procera 2932 16.23-52.98
T. divaricata 63.86 41.37-98.57
T. bellirica 161.7 61.27-426.9
C. rotundus 329, 84.51-1285
B. superba 902.9 173.2-4707

Lipid peroxidation inhibition was tested in the presence of various concentrations
of plant extracts. The 1Csy was calculated using Prism program and represented as average

and 95% CI of 3 experiments performing in duplicates.
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