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The ethanolic extracts of leaves of Psidium guajava (PG), Pandanous odorus (PO), Rhinacanthus
nasutus (RN) contained polyphenolic compounds in the order of PG > RN > PO. All the extracts
exhibited 2,2-diphenyl-1-picryhydrazyl (DPPH) and 2,2’-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radicals scavenging activities. PG showed a marked antioxidant effect whereas PO and RN were
comparable. Interestingly, they were able to bind with ferric (Fe3") and ferrous (Fez") ion and completed
within 5 min of incubation times. In accordance with previous results, PG extract could effectively
protect erythrocytes from iron induced hemolysis with the activity higher than PO and RN. Based on all
results, tested leaf extracts of three Thai medicinal plants might be used for alleviating or preventing

harmfulness in many oxidative stress disorders.
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INTRODUCTION

Oxygen consumption of cells generates a series of
reactive oxygen species (ROS) (Moskovitz et al., 2002).
Therefore, aerobic organisms undergo oxidative
modification of biomolecules in tissues. Erythrocytes are
vulnerable to oxidative stress due to their high content of
polyunsaturated lipids and transition metals, especially
iron, which is known to catalyze free radicals generation
via Fenton reaction (Chiu et al., 1982). In some disorders
such as thalassemia and chronic renal disease, ROS
production is higher than normal (Nematbakhsh et al.,
2013; Shazia et al., 2012). In addition, iron is involved in
etiopathology of these patients (Lehmann et al., 2012;
Thephinlap et al., 2009; Thephinlap et al., 2011). Iron-
mediated oxidative modification of membrane lipid and
hemoglobin can cause hemolysis and increase the
severities of diseases (Zhu et al., 2002). Although there is

powerful defense system for prevention of oxidation,
erythrocytes of such patients demonstrate an increased
ROS and decreased content of antioxidants than their
normal counterparts (Amer et al., 2004; Das et al., 2004;
Fibach et al., 2010; Ounjaijean et al., 2008). Therefore,
much attention has been focused on the use of
substances to inhibit the damage of free radicals.
Researches on phytochemicals and their biological
effects on health have been intensified. This study aims
to investigate the antioxidant properties of three Thai
traditional plant extracts including Psidium guajava L.,
Pandanous odorus and Rhinacanthus nasutus.

Guava (P. guajava L.; PQG) is found widespread in hot
climate countries, including Thailand. In folk medicine,
guava leaves extract has been reported to have
hypoglycemic activity, antidiarrhea (Lutterodt, 1989),
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antipyretic (Roy et al., 2010), antimicrobial (Jaiarj et al.,
1999) and anti-mutagenic agents (Matsuo et al., 1994).
P. odorus (PO) grows in Southeast Asia. In Thailand, it is
known as toei hom, fragrant screw pine. Leaves have
been used as a food flavouring and traditional medicine
in Philippines, Indonesia and Thailand. Hot water extract
of roots and leaves of this plant show hypoglycaemia
indications (Peungvicha et al., 1998). R. nasutus (RN)
has also been used in Thai traditional medicine for the
treatment of various diseases including eczema
(Visweswara et al., 2010), pulmonary tuberculosis
(Visweswara et al., 2013), hepatitis (Bukke et al., 2011),
diabetes hypertension and various skin diseases
(Visweswara et al., 2012).

In this study, we addressed antioxidant and anti-
hemolysis activities of these plants. We employed radical
scavenging and iron binding assays as antioxidant
activity investigation. Furthermore, hemolysis assay was
used as a model of oxidative stress for evaluation of
protective effect from free radicals.

MATERIALS AND METHODS
Chemicals

Folin-Ciocalteau reagent, 3-[N-morpholino]propanesulfonic acid
(MOPS), hydrogen peroxide, 1,1-diphenyl-2-picryl-hydrazyl, 2,2-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and gallic
acid (GA), were purchased from Sigma-Aldrich Chemical Company
(St. Louis, MO, USA). A stock of ferric nitrate (AAS iron reagent,
1,000 ppm, in 0.5% HNOj3; APS Finechem, Seven Hills, Australia)
was used as the iron source for other preparations. Stock ferric
nitrilotriacetate solution was prepared by consecutive mixing of
ferric nitrate with the nitrilotriacetic acid (at a 1:5 molar ratio of Fe**
to chelator). Various iron concentrations were freshly prepared in
10 mM MOPS buffer, pH 7.0, before use. All other chemicals and
reagents used were of AnalaR grade.

Plant extraction

Leaves of P. guajava, P. odorus and R. nasutus were dried at 50°C
for 12 h, finely powdered and used for extraction. The powder (100
g) was mixed with 1,000 ml of ethanol (80%) at 4°C overnight in
dark. The mixture was centrifuged at 3,000 x g. The supernatant
was collected and then filtered through filter paper. The filtrate was
added with 10 to 15 g of activated charcoal for 10 min, passed
through a filter paper and centrifuged at 3,000 x g. The supernatant
was collected and filtered through filter paper. The filtrate was
concentrated using rotary evaporator further lyophilized. The
extracted powder was kept at -20°C until used.

Determination of total phenolic compounds

The content of total phenolic compounds was determined using
Folin-Ciocalteau reagent. Briefly, various concentrations of the
extracts (300 pl) were incubated with Folin-Ciocalteau reagent
(1,500 pl) in dark for 3 min. The mixture were added with sodium
carbonate (1,200 pl), then mixed and let to stand in dark for 30 min.
Optical density (OD) was read at 730 nm using UV-VIS
spectrophotometer. The amount of total phenolic compounds was
expressed as mg GAE/g dry extract.

DPPH radical-scavenging assay

Free radical scavenging activity was assessed using stable DPPH
radicals. Various concentrations of the tested compounds in final
volume of 3.0 ml were mixed with 80 mM of DPPH in methanol. The
mixture was shaken vigorously and was allowed to stand for 30 min
at room temperature. The OD of resulting solution was measured at
517 nm with spectrophotometer. Percentage of DPPH radical
scavenging activity was calculated by the following equation:

Inhibition (o/o) = (ODcontrol' ODsampIe) / ODcontroI x 100

The half maximal inhibitory concentration (ICso) was defined as the
concentration necessary to decrease free radicals by 50% as
measured by absorbance of DPPH.

ABTS radical cation decolorization assay

The ABTS radical was generated by reaction of ABTS solution (7
mM) with 2.45 mM potassium persulfate (K2S2Os). The mixture was
made to stand for 15 min in dark at room temperature. Radical
solution was diluted with ethanol to obtain the OD of 0.7 + 0.2 units
at 731 nm. Various concentrations of plant extract (300 pl) were
incubated with 2.7 ml of radical solution at room temperature for 8
min in dark. The OD was measured at 731 nm using spectrophoto-
meter. Percentage of ABTS radical scavenging activity was
calculated by the following equation:

Inhibition (o/o) = (ODcontrol' ODsampIe) / ODcontroI x 100

The ICso value was defined as the concentration necessary to
decrease free radicals by 50% as measured by absorbance of
ABTS.

Measurement of chemical iron binding: Spectral analysis

Extract (1 mg/ml) was prepared by dissolving extracted powder in
50 mM MOPS solution, pH 7.0. The solution (1.0 ml) was subse-
quently mixed with the ferric nitrate solution (10 pl) in polypropylene
tubes to obtain the indicated concentrations. The mixture was
incubated at room temperature for 10 min. After incubation, the OD
of the extract solution alone and the complex solution were
monitored between 400 to 800 nm using the doublebeam UV-VIS
scanning spectrophotometer (Shimadzu Corporation, Analytical &
Measuring Instruments Division, Kyoto, Japan).

Kinetic formation of iron-binding complex

Various concentrations of ferric nitrate solution were incubated with
the 1 mg/ml of the extracts at room temperature for 0 to 15 min. The
OD of complex was measured at indicated wavelength as obtained
from the spectral analysis. Chemical binding of Fe** was inves-
tigated by incubating the ferric nitrate solution (final concentrations
of 0 to 200 pM) with the extract solution (a final concentration of 1
mg/ml at room temperature for 10 min. After incubation, OD of
complex was measured at indicated wavelength obtained from
above.

Red blood cell suspension

Blood was obtained by venipuncture from healthy male volunteers
(18 to 22 years old) collected in heparinized tubes and centrifuged
at 3,500 rpm for 15 min. Plasma and buffy coat were removed. Red
blood cells (RBCs) were suspended in 10 volumes of 0.9% NaCl



and centrifuged at 2,500 rpm for 5 min. The RBCs were washed
three times with the same solution. During the last washing, the
packed cells were re-suspended in 10 volumes of phosphate-
buffered saline (PBS, pH 7.4) and utilized for the following assay.

Assay for hemolysis

The effect of extracts on ferrous ion-induced hemolysis was
evaluated. RBC suspension was incubated with 2.5 uM ferrous
sulfate and various concentrations of the extracts at 37°C for 30
min. After incubation, 4 ml of phosphate buffered saline (PBS) was
added and further centrifuged at 2,500 rpm for 5 min. Hemolysis
was determined by measuring OD of the supernatant at 540 nm.
The reaction without extract was used as control sample.
Percentage of anti-hemolysis was calculated from following
equation:

% Inhibition = 100 x (1 - ODsample) / ODcontroI

RESULTS
Polyphenolic content

Polyphenolic content of the RN, PO and PG extracts
were determined polyphenolic compounds using Folin-
Ciocalteau assay. The amount of polyphenolic com-
pounds is demonstrated in Table 1. A highest content of
polyphenolic compounds was observed in PG with a
content of 318.00 + 21.516 mg GAE/g dry extract
followed by PO (143.83 = 11.754 mg GAE/g dry extract)
and RN which had the lowest (92.58 + 1.942 mg GAE/g
dry extract).

Free radical scavenging activity

The DPPH radical scavenging activity of analyzed extract
was compared to trolox, a water-soluble derivative of
vitamin E. As shown in Figure 1, percentage of DPPH
radical scavenging activity was increased in a
concentration-dependent manner in all three extracts. In
comparison, the PG extract exhibited the strongest
activity with (ICso = 6.25 pg/ml), whereas the RN and PO
extracts showed the comparable activity. The RN and PO
extracts at concentration of 1.56 to 20 pg/ml could not
decrease DPPH radicals by 50% and unable to
determine 1Csq value. Interestingly, the activity of PG was
greater than all concentrations of trolox. The antioxidant
activities of plant extracts cannot be evaluated by single
assay (Schlesier et al., 2002). Therefore, we investigated
antioxidant activities using ABTS radical decolorization
assay. As shown in Figure 2, all extracts also showed
ABTS radical scavenging activity in the similar pattern to
the DPPH assay. The activity of extracts and standard
compound exhibited the following order: PG > trolox >
RN > PO. The PG extract showed over 50% scavenging
activity at concentration of 2.75 pug/ml. Therefore, the PG
extract had the highest antioxidant capacity, while the RN

Thephinlap et al. 2003

Table 1. Total phenolic content in the PG, RN and PO extracts.

Sample Polyphenolic compounds (mg GAE/g dry extract)
RN 92.58+1.942

PO 143.83+11.754

PG 318.00+21.516

Data are obtained from triplicate results of three independent
experiments and shown as mean * standard deviation (SD).

and PO extracts rendered the weaker effect.

Chemical iron binding activity

Spectral analysis demonstrated that the PG, RN and PO
extracts alone exhibited its predominant peak at 272, 334
and 275 nm, respectively (Figure 3A to C). After incuba-
tion with ferric ion, they formed colored complexges) and
gave new predominant peak(s). The Fe**- PG
complex(es) exhibited two distinct absorption peaks at
425 and 515 nm. In comparison, the Fe**- RN complex
gave a predominant absorption peak at 405 nm and the
Fe®*- PO complex gave the peak at 400 nm. The OD was
increased dose-dependently at their specific wavelengths
(Figure 4A to C). Kinetic of the complex formation was
very fast and reached saturation within 5 min of incuba-
tion time (Figure 5). Taken together, it was found that the
PG, RN and PO extracts were able to bind ferric ion.

They also bound ferrous ion but exhibited very low
absorption intensity (data not shown). PG formed the
complex(es) in concentration-dependent manner at low
range of dose and tended to be saturated at higher
concentrations. Similarly, RN and PO formed to
complex(es) in dose-dependent pattern. Apparently, the
maximum concentration of ferric ion for the PG binding
was 300 uM.

Anti-hemolytic activity

Inhibitory effect of extracts on ferrous ion induced
hemolysis was illustrated in Figure 6. Initially, we tested
the effect of the extracts on human RBCs and found that
they did not show any harmful effect on human RBCs
(data not shown). All extracts exhibited satisfactory inhibi-
tory properties against hemolysis at low concentration.
The PG extract inhibited hemolysis with 91.5 + 0.99% as
maximum anti-hemolytic activity at 3.125 pg/ml. The
maximum anti-hemolytic activities of PO and RN were
83.25 + 3.66 and 77.88 + 6.13%, respectively at
concentration of 50 pug/ml. Among these three extracts,
the PG represented the strongest efficiency followed by
the PO and the RN, respectively.
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Figure 1. DPPH radical scavenging activity of the PG, RN and PO extracts. Data are obtained from
triplicate results of three independent experiments and shown as mean + standard deviation (SD).
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Figure 2. ABTS radical scavenging activity of the PG, RN and PO extracts. Data are
obtained from triplicate results of three independent experiments and shown as mean *
standard deviation (SD).
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Figure 3. Spectral analysis of various concentrations of PG (a), RN (b)

DISSCUSSION

Nowadays, use of plant extracts as dietary supplement to
improve health is increasing. Many attentions have been
focused on polyphenolic compounds. Polyphenols are
very important compounds in plants because their
hydroxyl groups confer free radical scavenging activity
(Yang et al., 2009). Recently, it has been revealed that
various polyphenolic compounds such as flavonoids,
tannin, catechins, coumarin, xanthones and procyanidin
could scavenge radicals (VanderJagt et al., 2002). We
have tested biological activities of leaf extracts of three
Thai medicinal plants, PG, RN and PO. The amount of
such compounds deposited in plants is usually different.
PG leaves had the highest polyphenol content followed
by PO leaves and RN leaves, which the polyphenol of the
PG was 2.21- and 3.43- fold higher than that of PO and
RN. Active compounds in RN leaves were widely inves-
tigated. The major compounds were naphthoquinone
including rhinacanthin (A-D, G-Q), rhinacanthone and

Thephinlap et al. 2005
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lignan group (Gotoh et al., 2004; Panichayupakaranant et
al., 2009; Wu et al., 1998).

Siripong and coworkers reported that among rhina-
canthins, rhinacanthin-N significantly suppressed tumor
growth in vivo (Siripong et al., 2006). It has been reported
that rhinacanthone isolated from R. nasutus roots
induced apoptosis in human cervical carcinoma cells
(Siripong et al., 2009). Leaves of guava have been
reported to contain numerous substances. The phyto-
chemical study of ethanolic extract of guava leaves has
demonstrated many components including lipids,
carbohydrate, protein, vitamin C, essential oils, tannins,
aponins, triterpenic acids and polyphenols (Huang et al.,
2004; Nantitanon et al., 2012). Liang et al. (2005)
reported that polyphenols in ethanolic extract of guava
leaves were gallic acid, quercetin, procatechuic acid,
chlorogenic acid, caffeic acid, kaemferol, ferrulic acid,
morin and quercetin-3-o-glucopyranoside (Liang et al.,
2005; Matsuzaki et al., 2010). Comparative study on
antioxidant activity between quercetin, morin and
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Figure 4. Spectral analysis of the resulting iron complex(es) when PG (a), RN (b) and PO (c) extracts (1 mg/ml) were incubated with

various concentrations of ferric ion.

quercetin-3-o-glucopyranoside showed that quercetin
was the most active and the synergistic antioxidant
activity was obtained when quercetin was mixed with
morin (Nantitanon et al., 2012). Therefore, the use of
crude extract might render potent antioxidant activity.

In this study, we used DPPH radical scavenging assay,
ABTS radical decolorization assay and iron-binding assay
to evaluate antioxidant activity of three Thai medicinal
plants. DPPH and ABTS assays are the most popular
spectrophotometric method because they are simple,
rapid, sensitive and reproducible. DPPH radical scaveng-
ing assay was used to determine the antiradical power of
extracts through donation of hydrogen atom to DPPH
radical and form non-radical molecule (Ak et al., 2008).
Unlike DPPH, ABTS radicals are more reactive. lts
reaction involves an electron-transfer process. Bleaching
of ABTS cation has been extensively used to evaluate the
antioxidant capacity (Schlesier et al., 2002). We found
that the PG, PO and RN extracts possessed both DPPH
and ABTS radicals scavenging activity but not the same
level. The PG extract showed a marked antioxidant effect

with ICso value of 6.25 pg/ml for DPPH and 2.75 ug/ml for
ABTS radical scavenging assay. This result was similar
to the data of Chen and his coworkers (Hui et al., 2007)
that compared the antioxidant activity between four
aqueous extracts of nutraceutical herbs including P.
guajava, Camellia sinensis, Toona sinensis and
Rosemarinus officinalis and found that leaves extract of
P. guajava exhibited the strongest activity.

Our study illustrates that leaves extracts of RN and PO
at concentration of 20 pg/ml could not decrease DPPH
radicals by 50%. We suggest that the concentration
higher than 20 pg/ml might reach 50% scavenging
activity. On the other hand, the weak DPPH radical
scavenging property might be due to steric inaccessibility
of compound and DPPH radical (Yang et al., 2009). The
result from ABTS confirmed that the PG extract
possessed the strongest free radical scavenging activity
with 1Cso of 2.75 pg/ml and its activity was four times
higher than that of PO extract and eight times higher than
that of RN extract. It was noticed that the radical
scavenging activity of the PG extract was higher than
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Figure 5. Kinetic of the complex formation between the PG (a), RN (b) and PO (c) extracts (1 mg/ml) and various concentrations of

ferric ion.

standard antioxidant, trolox. According to these results,
PG was considered to be a good antioxidant.

Since transition metals, especially iron, facilitate the
production of ROS via Fenton reaction, the ability of
substances to bind iron can be valuable antioxidant
property. Interestingly, the PG, PO and RN extracts
showed rapid iron binding capacity and completed within
5 min of incubation time. In accordance with Tandan et al
(2012), they reported that administration of guava leaves
extracts reduced arsenic concentration in blood and
tissue and showed metal chelation property. This action
might be due to structures of compounds in extracts.
Previous evidences reported that the polyphenols would
chelate iron with its C=0 and C-OH structures (Ak et al.,
2008; Rice-Evans et al., 1996; Srichairatanakool et al.,
2007). Moreover, the compounds with structure contain-
ing two or more of the following groups: -OH, -SH, -
COOH, -POzH,, C=0, -NRy, -S and -O- in favorable
structure-function configuration can show metal chelation

(Rice-Evans et al., 1996). Gas phase ligation technique
shows that some flavonoids such as kaemferol,
quercetin, myricetin and naringenin were able to chelate
Cu®* and Fe®* through the functional carbonyl group
(Kazazic et al., 2006). In this study, all tested extracts
showed effective iron chelating activity and may afford
protection against oxidative damage by removing iron
that participates in ROS generating Fenton reaction.
Since red blood cell membrane contains high amount
of polyunsaturated fatty acids, they are vulnerable to
oxidative stress. In patients with B-thalassemia, sickle
cells anemia and renal disease, ROS production is higher
than normal (Nematbakhsh et al., 2013; Shazia et al.,
2012). Moreover, iron overload has been observed in
these patients (Finberg, 2012; Nematbakhsh et al., 2013;
Taher et al.,, 2013). Thus, it can increase the
susceptibility to peroxidation and induce hemolysis. The
abilities of extracts to scavenge free radicals and bind
iron were further confirmed by inhibition of ferrous ion-
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Figure 6. Anti-hemolysis activity of the PG, RN and PO extracts. Data are obtained from triplicate results of
three independent experiments and shown as mean * standard deviation (SD).

induced hemolysis. Regarding the previous results, the
PG extract could effectively protect RBCs from iron-
induced hemolysis with the activity higher than that of PO
and RN extracts. Based on all results, these three Thai
plants are sources of polyphenols and might be used for
alleviating or preventing harmfulness in many oxidative
stress disorders.
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