CHAPTER IV

RESULTS AND DISCUSSION

Part 1. Extraction and Isolatio Active Constituent (oxyresveratrol)

I / cha Heartwood (Puag-Haad)

from Aqueous Extract of

Extraction of consti : : an't by various methods depending
in this study were vac 1 ‘R\\\' phy (VLC) or quick column
chromatography and gel o chromate | e 11(a) and 11(b). In the quick

to arpus lakoocha heartwood or

hromatographic techniques used

Puag-Haad powder (10. .Separated _' pola ' ty gradient manner with mixtures
of chloroform and methané ‘ eluents were examined by TLC
, ( olvent. Twenty-five fractions of the
eluents were collected and sorti 4 _ e being combined to yield six fractions

with similar chroniatog dnd pictures of the TLC

chromatograms are demion: o spectively. Fractions 10-13,

were pooled and concﬁrate nd ure l@ng a rotary evaporator. This

semi-pure extracts were »*en‘&hed and calcul ed for the percentage yield of the extract .

The results oftﬁ%ﬁq eﬂ Eﬂ? W&I f] ﬂ ‘j
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Then fractions 10-13 were further purified or fractionated by gel filtration
chromatography using Sephadex LH20 as adsorbent and methanol as eluent in an
isocratic system. The fractions were collected and examined by aboved TLC condition.
This method was repeated until the TLC chromatogram of the fractions showed a single
spot under UV light at 254 nm. Finally, all fractions with the same single spots were
pooled and evaporated under reduced pressure. The obtained compound was as a pale-
yellow crystal and gave Ry= 0.24 in\f e romatogram (Figures 13 and 14). The UV

spectrum (Figure 15) showed a qui;hu ' at A, 329 nm.
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Figure 11. Quick colugfn chroméf@;’y iai and gel coﬂmn chromatography (b)
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Figure 12. TLC chromatogram of the fractions under UV 254 nm
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Figure 13. TLC chsefaidgrain o

Figure 14. Phot graph of oxy __________.__ L etrahydroxystilbene

X

From the Nuc@r Magnetic MR)@ata 'H NMR and "*C NMR
spectra (Figures 16 and I7).were obtained wsing deuterated dimethylsulfoxide (DMSO

02 5 0 s R b TR S dd Bt e conpome,

accordmg to thedbove data, the com‘pound was ldentlﬁed as oxyresveratrol at 2,4, 35

B 1 WrNine (3 £ ) R a1
The weight 0f'the which was calculated as 3 % yield. Then,

oxyresveratrol was ground into fine powder for further studies. It was kept in a well-

UL

closed container at -20 °C. The purity of oxyresveratrol was estimated to be less than
95% w/w since the HPLC chromatogram indicated that the ratio of the area of
oxyresveratrol peak to the total area (oxyresveratrol peak plus all minor peaks) was

98.64% w/w (Wanawatanakun, 2005).
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Figure 16. '"H NMR spectrum of oxyresveratrol
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Figure 17. "C NMR spectrum of oxyresveratrol
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Part 2. Stability Evaluation of Aqueous Extract of Artocarpus lakoocha
Heartwood (Puag-Haad) Solutions

The purpose of this part was to evaluate the physical and biochemical stability of
Puag-Haad solutions upon storage at ambient temperature (~28 °C). Physical stability

was evaluated with respect to clarity, d pH value whereas biochemical stability

was determined through measurements ifrg tyrosinase inhibitory activity.
Solutions of Puag-Haa th an. ' ious antioxidants were prepared in
propylene glycol in water (20% w/v) singe i Waseshowr to provide adequate solubility
(Pengrungrangwong, 2001 tio ad was fixed at 0.25% w/v in this
part because this concen und to give € most promising antityrosinase
effect (Pengrungrangwon -", 1t on a on of 0.25% w/v licorice extract
was also prepared in th t tossen the reference antityrosinase agent.
Since the active A 5’-tetrahydroxystilbene) is a
orade by oxidation (Tibtabiankarn,
1967; Pengrungrangwong, 2 > ol 0.25% Puag-Haad in various types of
antioxidants were prepared in the A entand coded as follows:
P =

P+ Al = 7 ‘xJT m metabisulfite
P+ A2 = W ; U0 /v A
P+ A3 % w/v Puag-Haad + 0 4% w/v Rovisome®

P+ A4 :ﬂ u E[/’Q;Wj% mmetablsulﬁte +
AR AL T PIk AL ATt T

Each of the above solutions was prepared and assayed in triplicate (3 vials per
solution). Sodium metabisulfite was chosen as a representative antioxidant of a reducing
agent-type at a concentration of 0.1%. BHA at 0.01% was used as a representative of true
antioxidant whereas 0.4% w/v Rovisome® (5.0% magnesium ascorbyl phosphate in

liposome suspension) was added for a possible synergistic effect.
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The selection of sodium metabisulfite and BHA as stabilizer of Puag-Haad
solution was based on the previous result by Pengrungruangwong (2001), who reported
that combination of the two antioxidants provided the best stabilization of 0.25% Puag-
Haad solution in terms of both the color and antityrosinase activity (80% of initial
activity remaining after 24 weeks at room temperature). Pengrungruangwong (2001) also
found that addition of EDTA as the third antioxidant did not further enhance the stability

whereas a preliminary study using k

and BHA was able to provide physic i
at least 6 months. Thereforé; Rovisome® smmis study to replace EDTA in a

triple antioxidant combinati her enhanced stabilization of

Puag-Haad solution in ter osinase activity. The stabilizing

effect of Rovisome® al

1. Physical stability

Table 6 shows .colg { Puag-Haad samples upon storage at ambient
temperature in dark condi 0; —: Y Tl i) r of 0.25% Puag-Haad solution
was pale yellow (graded by un@:—r{@' “Upon's , the solution of pure Puag-Haad
(solution P) gradually darkened _ﬁlﬁﬁv_b own/(graded as +2) after 8 weeks. The color of

all the stored Puag-Haz
0.25% pure Puag-Haa -, 1Q :
dark brown color, mp&d a slightly da
initial time (0 week).

s R R NI o v e

protect 0.25% P g-Haad from mcre"xsed coloratlon after prolongic} storage. As seen

from Tq quWﬂ mese 1Y nl 6} Wﬁ;é’] ﬁl&l after 24 weeks

storage at@ambient temperature tions contain 0.1% sodium metabisulfite as

ith that of the freshly prepared

“which originally possessed a

Ker yellow colatiin Puag-Haad solution at the

a common antioxidant. The results agreed with that of Pengrungruangwong (2001) who
observed that sodium metabisulfite was the best stabilizer especially against
discoloration. Sodium metabisulfite has been reported to be an effective anti-browning
agent and is used in many pharmaceutical and cosmetic preparations (Kibbe, 2000). On

the other hand, 0.01% BHA did not protect Puag-Haad from discoloration, this solution
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became slightly brown (graded +2) similarly to pure Puag-Haad solution (P). Also, 0.4%
Rovisome® (P+A3), equivalent to 2.0% Magnesium ascorbyl phosphate did not show any
protecting effect. It became even more discolored than pure Puag-Haad solution after 24
weeks. However, when it was in combination with sodium metabisulfite and BHA
(P+AS), the color was restored to the original color of pure Puag-Haad solution
regardless of the storage time. Thus, Rovisome® alone failed to protect Puag-Haad

solution against discoloration but ined with other stabilizers, especially

sodium metabisulfite, this u

es | ppeared in agreement with the
preliminary data that th@ i ég;ﬁum metabisulfite, BHA and

Rovisome® could stabili g-Haad lotions, which are oil-

in-water emulsions. T ared to give the best protection
against Puag-Haad disc i g in an aqu ssystem. It could even protect
A ‘- hotographs of different Puag-
Haad solutions taken afte - -.* 0. are also provided for visual
comparison in Figure 18

The pH of each so iplicate and the data are shown in

Table 7. Pure Puag-Haad solution ed a decré; pH upon storage time, from 5.75

at week 0 to 4.78 at week 2;1;:@?}; as e uivalent to a 0.97 unit change in pH.
Addition of 0.01% Blﬂ (P+A2) also resulte : degrease in pH from an initial

pH-Similar to pure Puag-Haad
ictabisulfite (ﬂAl) and Rovisome® (P+A3)
showed a drop in pH valwes.at week 24 ofgli30 and 1.61 unit, respectively. Similar

resiilts wers ﬂusﬂeﬁg fﬂq&]bﬂ @wa&]ﬂsﬂt@s CotTE [Sodios

metabisulfite andiBHA (P+A4) and tr}ple combina'tii__(:n containing sodium metabisulfite,

L7
BHA a Wqﬁqﬂwnmm}w g@rﬁ 1.10 and 1.21,
respectively.” The pH of the individual antioxidant solutions (without uag-Haad) at the

concentrations used in this study was also investigated for the same period, as seen in
Table 8. The pH values of sodium metabisulfite and Rovisome® alone decreased from
5.05 at week 0 to 4.10 at week 24 (ApH = 0.95), and from 7.07 at week 0 to 5.48 at week
24 (ApH = 1.57), respectively. On the other hand, the pH of BHA alone gave a smaller
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drop in pH (ApH = 0.89) similar to pure Puag-Haad solution (P) and Puag-Haad plus
BHA (P+A2).

Thus, from the observed data, 0.01% BHA appeared to have a minor effect on the
pH of Puag-Haad solution whereas addition of Rovisome® caused the greatest drop in the
pH of Puag-Haad solution, which was probably due to the hydrolysis of phospholipids in

the liposome bilayer to give free fatty acids. Sodium metabisulfite also could further

cause the drop in pH but its effec Igr than that of Rovisome®. Interestingly,

when BHA was combine isulfite (P+A4) or with sodium

| thqdroms improved as seen from data in

metabisulfite and Roviso

Table 7. However, the r: ..\:‘. i are not clearly understood.
In conclusion, \\ ound that the change in pH
value of the Puag-Haa i B as similar to the pure Puag-

oy

Haad solution. Additio sul some® gave a further decrease

in pH value. It might b q& ‘ﬂ alue of Puag-Haad solution in the
il 1 )

presence of these two ‘sub ’Qrz;r_’ s _e decrease in pH value of the

ighlfitgfiamiad (R 3‘_

—
T g

investigation time. The redson/for: this €6 be the properties of the antioxidants

individual stabilizer (m jsom&") "in the solution at the same

themselves such as sodium metabist on_with oxygen and other oxidizing

agents resulting in a _fall ___-;iu isome®, which consists of
N
?l_

vitamin C derivative ini ave occurred to give more

acidic degradation produéts, or the phospholipid compo J ts of the liposome may have
hydrolyzed to give free fattyacids as ﬁ:wouﬂydlscussed In any way, the concentration

of the stablllzerﬁn wgp’} %Il m 5 M’g I)ﬂ rotective effect. If the

concentration is aJo low, the capacityof the stablllmg antioxidant e}\ght not be enough

o 4o QRO B LTI 8 o 0 o

antioxidant may exert a pro-oxidant effect, leading to a greater physical change (such as

pH and color) or even a further decrease in biological activity of the active compounds.
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Table 6. Changes in color of Puag-Haad solutions upon storage at ambient temperature

No. Samples Time (week)

0 4 8 12 16 20 24
0 Fresh P - 0 0 0 0 0 0
1 P 0 +1 +2 +2 +2 +2 +2
2 P+Al 0 0 0 0 0 0 0
3 P+A2 0 +] +2 +2 +2 +2 +2
4 P+A3 +1 +3 +4 +4 +4
5 P+A4 0 0 0 0
6 P+AS 0 e 0 0 0

P = 0.25% Puag-Haad, A =-0:1%v, . A______‘ fite, A2 = 0.01% w/v BHA, A3

= 0.4% w/v Rovisome®,

\ ight yellow) changed, +2 =

(brown) charged, +4 = seriously

0 = normal (pale yello
noticeably (light bro & JE.
deteriorated (dark brows (i

= x
v_ 1y d '“" ated (intense deep brown)

2N

ﬂUEJ’JVIEJVIiWEJ’]ﬂ‘J'
QW’]ﬁﬂﬂ‘iﬂJﬂJiﬂT}ﬂmaﬂ
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Figure 18. Physical appear nce“g‘,_ﬁ_f_ Pq%ﬂaad §o|3t10ns upon storage at ambient

temperature for 24 weeks
0 = Fresh 0.25% Puag-Haad (P_)_,r 1 7 .TPure Pm-_*o 1% w/v sodium metabisulfite (A1),

3=P+0.01% w/v BHA (A2), 4 = P-+0. 4% w/v Rovisome® (A3), 5 = P+A1+A2 (A4), 6 =

P+AI+A2+A3 (AS) L7 ?;EJ
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2. Biochemical stability
The biochemical stability of Puag-Haad solutions were determined by
quantitating their in vitro anti-tyrosinase activities upon storage. Tyrosinase inhibitory
activity was determined by the DOPAchrome enzymatic method using L-DOPA as a
substrate and mushroom tyrosinase as the enzyme. Dopachrome is one of the

intermediate substances in the melanin biosynthesis. The red color of DOPAchrome can

be detected by visible light. In thi t a microplate reader (Model, Bio-Rad)
with 492 nm interference fil

decreased DOPAchrome

ial tyrosinase inhibitor would show
as conducted by screening the
appropriate range of t min. The absorbance of the

positive control (only plateau at 10 min and its

calculated % tyrosinas tc ’ er 10 min standing. So the
incubation time for the S ibitory activity was set at 10
min (Figure 19a and 1 prep: 0.25% licorice extract was used

as a reference solution ision of the enzymatic assay. It

was assayed at the same i Puag-Haad selutions.
L, LA -

04s o
040 | §
035 — e R
0.30

ooz - i

g 020 = o

< - - - ]
0l1s ; 0 —— =
010 = — — QS »] e L
s r P E W E wl N, S
= 0 5 o J_E 0 —__] , & 15 20 25 W0

q Time (min) Tume (min)

e ATARSNIBIAMN AN IR o 1 e

inhibition percentage at difference time (enzyme plus substrate and licolice extract)
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Table 9 shows the individual and the average values (mean, SD and %CV) of %
tyrosinase inhibition by the freshly prepared 0.25% licorice extract. The values of the
tyrosinase inhibitory activity were consistent both within each run and between different
runs, giving the overall mean of 91.73 % inhibition. The within-run coefficient of
variation (CV) was in the range of 0.06 — 3.25% and the between-run CV was 1.67%.

These values were much smaller than the 15% limit generally allowed for biological

,y -run and between-run precision.

msho determining tyrosinase inhibitory

activity. 0.25% freshly prepared 1ic .. e ¢ xtr C % i as used as a reference standard

assay, indicating that the method h

Table 9. Precision of the

Week of /A’}’ll\ T

- .\\\ =

0.98 1.05

92.34 1.80 1.96

8 87.85 1.01 1.14
12 94.37 0.06 0.06
16 88.64 2.55 2.89
20 90.40 : 3.04 325
24 93.44 S ECTAGRA L ! 1.24 1.34

: e r
Table 10 s '. ws " {Means + SD of triplicate

determinations) of vari ﬂ Puag-Haad solutions kept at ambient temperature. From this

table, it can be seen that 4ddition of sodium fhétabisulfi nd its combination with
BHA (P+A4) ﬁu HB%%' &w;w(ﬂf\ﬁﬁ d a slight increase in
tyrosinase mhlblﬂry activity from 91¢51% of pure.Puag-Haad (P)gto 96.75, 97.38, and
9. l6°/Qeﬁf\’fa\a ﬂﬁ%lﬁ%q Egvﬁ-rEj 'q-fra)ﬁld not cause any
noticeablg increase in tyrosinase inhibition at the initial time (0 week). The mechanism
by which sodium metabisulfite could slightly enhance the initial activity of Puag-Haad
solution was not clearly known. Nevertheless, it could be assumed from the above
observations that the contribution from the individual stabilizers and their combinations

to Puag-Haad’s anti-tyrosinase activity was negligible in this study.
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After 24 week-storage, the tyrosinase inhibitory activity of pure Puag-Haad
solution was slightly decreased from 91.51% to 88.23%. Addition of different
antioxidants was shown to give a varied degree of % tyrosinase inhibition. Since the
initial values of the individual samples were not the same, the values of the absolute
percent inhibition were subsequently normalized to percent inhibition relative to the

initial value (Table 11). From this table, the relative tyrosinase inhibition data show that

yrosinase inhibition in any samples. All the

%& similarly gave the remaining %

6.33%. The values of both the
E—

imes are shown graphically for

there was not any difference in the ex

test samples, including the pu
relative inhibition values i
absolute and relative %
each sample in Figures

Thus, all the

stabilization of the extrac

¢ unable to provide extra
ctivity. The reasons as to this
observation were not were in contrast to those of
Pengrungruangwong (2

and BHA provided the be

ation of sodium metabisulfite

80% remaining after 24 weeks

relative to the initial value 1;—"‘ — POr : li that the solution of pure Puag-Haad
without any addition of stablllzenmd;a; significant drop in its activity to about 50% at
e - I‘_.a'_; -' - >

96.33% of the initial co&ntratld
Since the storage go&iitions and Puag;Haad concentration (including the final

cvrsin AN B4 s s,

the discrepancy fight have come from the enzymatlc assay employed in this study.

AT R TN A
to-lot vﬂt in'it ?‘ EH tu beled bioactivity was 3960

units/mg solid, which was diluted by buffer to 480 units/ml similar to that used by
Pengrungruangwong (2001). However, there seemed to be a saturation of the enzyme
activity occurring this time, i.e., the concentration of enzyme might not be in excess to
accommodate its interactions with various concentrations of the test substance (inhibitor).

It was thus postulated that due to the lower-than-expected amount of enzyme present in
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the reaction mixture, the inhibitor (active component of Puag-Haad) might be able to
fully saturate it regardless of the inhibitor concentration. Even in the case where the
inhibitor might have degraded to some extent, its remaining concentration could be high
enough to still saturate the enzyme, resulting in the similar value of % inhibition, which
was already in the maximum range (always greater than 80% inhibition).

To support this hypothesis, an experiment was set up to establish the ICs of

Puag-Haad extract. As seen from Fi : which is a plot between % inhibition of

tyrosinase activity versus cong¢ Haad solution. The curve reaches

plateau level in the conce , , ml and the ICso was interpolated

from the curve to be ab

2.36 uM. Since afte f Puag-Haad in the reaction

mixture was 50 pg/mli e plateau region of the ICs

nterbalance . wer-than-expected activity of
Py [ y r Y

the enzyme, more dilutio grtic ’g oles s ho uld have been made so that the

final concentration wo ing plateau reg on, to be able to observe the ‘real’

extent of tyrosinase inhibifio aining antityrosinase activity of the

€al’ re

extract.

In addition, the ICs, of oxyresveratrol (244.g/mole) was also investigated from a

plot between % inhibition of | V. VErsus S-congentration of oxyresveratrol
(Figure 22b). The IC5p%f @ Xyresve d }.‘
e value w slightly higher than 1.5 pM
previously reported b Sritutarak (1998). It so interesting to note that the ICsy value
of Puag-Haad ﬁ ijl—ﬁJ Qeﬂﬂmgﬂﬁrﬁﬁj&ess of the unit. Since
Puag-Haad was ycrude extract and thus not a puge, compound, it dsypossible that other

s R LI G 54 bt

tyrosinasélactivity.

the curve to be about 0.83

pg/ml, which is equivalent to 3.23 uM.

Therefore, it can be concluded that the tyrosinase inhition activity may not be due

solely to oxyresveratrol. Transforming the value from pg/ml to uM was obtained using

the following equation.
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uM for oxyresveratrol = ml) x_purity (%ow/w) x 1000

molecular weight x 100

uM for extract = (ug/ml) x %oxyresveratrol x purity (Y%ow/w) x 1000

molecular weight x 100 x 100

where %purity was taken eratrol in extract was taken as 80%
w/w

AULINENINYINS
ARIANTANNING 1A Y
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Table 10. Stability of Puag-Haad with and without antioxidants as determined from %

tyrosinase inhibitory activity (Mean + SD, n = 3)

Timie % Tyrosinase inhibitory activity
P P+A1l P+A2 P+A3 P+A4 P+AS
0 91.51 96.75 90.00 91.01 97.38 97.16
(SD) 1.07 1.01 0.69 1.85 0.90 1.92
4 90.95 96.65 89.88 89.76 95.63 93.02
(SD) 1.76 1.16 0.83 0.49 0.65 2.16
8 89.42 97.02 89.73 97.30 93.93
(SD) 1.64 0.8 0.39 0.62 1.29
12 87.43 6 83 96.95 92.93
(SD) 1.40 2.11 0.66
16 90.93 90. , .30 94.57 90.76
(SD) 0.30 = 0.70 1:32
20 85.56 86.49 78.17
(SD) 2.73 . 3.61 4.01
24 88.23 = o 63 4. 90.18 88.54
(SD) 0.68 7 2.14 1.11
P = 0.25% Puag-Haad, % WiV ite, A2 =0.01% w/v BHA, A3
=0.4% w/v Rovisome®, -A2 |

- ik

L

A

Table 11.

tyrosinase inhibitory activity relati /e

Stability of Puag- q, : Jl—q_ :

t antioxidants as determined from %
lue (Mean £ SD, n = 3)

Time v '3

P P+A4 P+AS
0 100.0 , 2 100.00 100.00
(SD) 1.07 B 1, 0.90 1.92
99.30 ¢ 99 89 99. 86 98 20 95.74

1.76 2.16
Mﬂqwﬂmw Ej9’lﬂ‘§ 999] 96.68

(SD) 0.62 1.29
95.46 99.56 97.29 o, 9541 95.65

(SD) 0.66
oo Waa\ ﬂ‘ﬁxﬂJ T a )it Il ET g o
(SD) 0.30 0.58 1.56 2.03 0.70 1.32
20 93.41 94.04 90.38 88.40 88.82 80.46

(SD) 2.73 0.59 4.56 3.20 3.61 4.01
24 96.33 94.07 95.92 93.37 92.60 91.13

(SD) 0.68 0.69 2.57 0.41 2.14 1.11

P =0.25% Puag-Haad, A1 = 0.1% w/v sodium metabisulfite, A2 = 0.01% w/v BHA, A3
= 0.4% w/v Rovisome®, A4 = A1+A2, A5 = A1+A2+A3
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Figure 20. Percent tyrosifiase after storage up to 24 weeks.
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Figure 219 Percent tyrosinase inhibitory activity (relative to initial value) remaining after
storage up to 24 weeks. Each point represents Mean + SD (n = 3). P = 0.25% Puag-
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Part 3. Determination of Antioxidants and Free Radical Scavenging

Activities of Artocarpus lakoocha Heartwood Extract (Puag-Haad)

3.1 Determination of DPPH free radical scavenging activity
The antioxidant and free radical scavenging activities of Puag-Haad and reference

substances were determined in terms of t

eir ability to scavenge different reactive oxygen
) red blood cell model against oxidative

stress inducers like UV. The ; ination of their ability to scavenge

DPPH free radical in eth 1 iony whi in a decrease in absorbance at

517 nm. The loss of D comparison with a control sample
which contained no test su en-donatmg compound

The percentag bition"of free radical) of Puag-Haad
compared to those of Tgélo in E), l-ascorbic acid, EGCG
pine bark extract and o nstituent of Puag-Haad) at various
concentrations (0, 0.5, 1.0, nd 100.0 pg/ml) are shown in
Figure 23

It was found that as t was increased, the extent of DPPH
inhibition also increa certain concentrations where the
plots reached a pla e 24 and Table 12). The

percent DPPH radica

. hibition to 73.33 + 0.50 % at the
ml then reached a plateau at 50:0 and 100.0 pg/ml, where the

inhibition percﬁ iﬁgj %‘ﬂm % quectively.
Oxyres ﬂvg ﬂ also gave scavenging

activity profile snmllar to Puag-Hadd. Its activity ﬁpeared tolfemain stable at a

concenalif26.§ §n] 1 bl e ordblefukor bl igher excent of

inhibition"at this concentration, about 82.88 + 2.83 %. When the concentration was

increased to 50.0 and 100.0 pg/ml, the % inhibition changed only slightly to 84.47 + 4.05

concentration of 20.0

and 84.55 £ 3.25 %, respectively. Likewise, the plots of Trolox® and l-ascorbic acid
reached a plateau at 20.0 pg/ml. However, the inhibition extent of both vitamins was
higher than that of Puag-Haad and oxyresveratrol, i.e., 94.79 + 1.13 % for Trolox® and

94.06 + 2.15 % for l-ascorbic acid. When the concentration was increased to 100.0
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png/ml, the values of % inhibition barely increased (96.28 + 0.36 for Trolox® and 95.53 +
2.28 % for l-ascorbic acid.

On the other hand, EGCG and pine bark extract reached a plateau of scavenging
activity at a lower concentration (5.0 pg/ml) than other antioxidants, with the inhibition
values of 85.39 + 1.17 and 86.16 + 0.21 %, respectively. When the concentration was
increased to 100.0 pug/ml, the inhibition did not notably increase with the values in the
range of 87.25 — 88.17 % and 87.52

The relationship between DP. hlbltlon and the concentration of the

,respectively.

individual antioxidants is s : und that Puag-Haad gave a slightly
lower DPPH radical

concentration from 20.

especially at the saturation
ots were similar. This may be

ompound, whereas the extract

Additionally, t Mkl it : X and I-ascorbic acid are also
alike (Table 12 and Fi b A - ' !-. ation of 10.0 pg/ml, their inhibition
percentages were compar, 1 : arly identical. Also, the plots

, their maximum inhibition at the
concentration range of 20.0 - lOOfﬁﬁj’u T

—-i"'_.’_,-__f

Likewise, thQ,BPPH radical inhibi

similar. Their similarit

aiid pine bark extract was very

ied.at the concentration of 5.0
|ghes@mcentration studied (88.17 vs
87.52 % at 100.0 pg/ml)s At is noticeable ghat EGCG and pine bark extract showed

stronger inhibiﬂ%ﬁr@%lﬂlﬁj’%ﬂ’}ﬂ?ncentraﬁons especially

at 2.5 and 5.0 pg/ml (Table 12). After that, the mhlbltory actwnt of EGCG and pine

bark e W@T TI nlﬂ,] 42 ‘ﬁﬂﬁ ﬂnued to increase
until l':%l g'pla eﬁgz MH 4) nd the inhibition extents of

EGCG and pine bark extract were lower than those of Trolox® and l-ascorbic acid,
especially in the plateau region (Table 12 and Figure 23). The reasons for this
observation are unclear. It is hypothesized that difference in the molecular structure of
the antioxidants may result in their different ability to scavenge DPPH radical. The

difference in their hydrogen-donating properties and the bonding potential of the
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individual molecules may be the reason of this finding (Catherine et al., 1996). The raw
data for the absorbance and DPPH radical inhibition percentages are provided in
Appendix A.

After the plots of % free radical inhibition versus concentration were constructed
for each antioxidant, its ICsq value or the concentration that the test antioxidant can cause

50% inhibition was calculated from the regression analysis of the initial portion of each

curve. It was found that a polyno equation provided a better result than a
linear equation, with a highe ficient), as shown in Table 13 and
Figure 25.

The estimated I est to the highest, as follows:

EGCG (1.75 + 0.18 pg/ig 7ENSS aug/ml), l-ascorbic acid (3.83 +
1 (8.25 + 0.48 pg/ml) and
oxyresveratrol (8.78 + 0 o/ml) “(4 - ; S the ICso values indicate the
inhibitory potency of the ifdi 1 ; ts, Puag-Haad and its active compound
oxyresveratrol apparently” de : t h akest radical scavenging activity.
This was in agreement wi e re ot of I 1. (1999), which showed that a
stilbene derivative, resveratrg A -_ erful DPPH scavenger than epicatechin

compounds (Figure 26). Regard o3 ..—’ ;0 g '_4

R

-ascorbic acid, Jang et al. (1997) also

his, study (9.5 and 6.7 pg/ml,

reported the ICsp Wi ‘_ﬂ,,
repectively). e X

Table 12. DPPH radlcal'ﬂﬂlbmon of Puag-Haad compared to other antioxidants at

o e BH) 18195 I £ 7) 3

Concentration ﬂ Puag-Haad oxyresvera ol Trolox* l-ascorbic acid EGCG pie';:,:?;k

’ | ' j m SD  %inh  SD
! 0.00 B%. 000 000 000
2 221 1676 081 996 198
3 351 3002 371 2083 085
4 288 6583 473 5232 365
5 113 8539 117 8616 021
6 10.00 5579 146 5616 401 8714 182 8572 410 8725 092 8817 002
7 20.00 7333 050 8288 283 9479 113 9406 215 8732 098 8826 048
8 50.00 7472 045 8447 405 9608 058 9544 193 8767 033 8881 060
9 100.00 7417 147 8455 325 9628 036 9553 228 8817 038 8752 10l
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The ICs data, then, were analyzed by One-way analysis of variance (ANOVA) at
the 95% confidence interval. It was found that, there were significant differences among
the antioxidants studied (P < 0.05). Consequently, post-ANOVA analysis was done using
Tukey’s test. According to Tukey’s test, the antioxidants could be divided into 4
different groups (P < 0.05) regarding their ability to inhibit or scavenge DPPH radicals,

as follows:

® < Puag-Haad ~ oxyresveratrol

EGCG =~ pine bark extract < |-as

1.75 243 . 9 5. 8.25 8.78 pg/ml
/ |
The antioxidanl{ e ithin the same group and not
statistically different in 0.05). Thus, both the EGCG
and pine bark extract de DPPH radical inhibition with
the smallest ICsq values. cantly greater than l-ascorbic acid
which, in turn, was mor | an T J 2= 0.05). "Puag-Haad and oxyresveratrol,

on the other hand, appear since both exhibited the highest

and similar values of ICsy. T individual antioxidants are shown
in Appendix A.

Although and | ie. highest potency in DPPH

radical inhibition aceofdii "“" r, when the values of %
oxidants, Trolo@ and l-ascorbic acid appeared
to give the highest inhibition,percentage, especially at the concentration of 20.0 pg/ml

onward (F igureﬂ)ui&}e’& WEtHhﬁow&%ﬂiﬁ % DPPH inhibition by

the six antioxidafifs at various concenérations. It was found that at the concentrations of

=S o/ &
20.0, SGa w Wl)almm ﬁpﬁﬂﬁ]ﬁaﬂﬁﬂaﬂn Et]lte, Trolox™ and
l-ascorbic:qamd demonstrated the highest radical inhibition.

The data on % DPPH inhibition at different concentrations were then analyzed by

inhibition were compar@among he 62

ANOVA and Tukey’s test in order to differentiate the antioxidants and group them with
respect to the extent of DPPH inhibition at the same concentration. It was found that at
the concentrations of 1.0 and 2.5 pg/ml, EGCG showed the highest inhibition percentage,

while pine bark extract and l-ascorbic acid had intermediate effect, and the rest
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demonstrated the similarly lower inhibition values. When the concentration was
increased to 5.0 pg/ml, % DPPH inhibition of pine bark extract drastically increased until
comparable to that of EGCG, which was followed by I-ascorbic acid and Trolox®. Puag-
Haad and oxyresveratrol, on the other hand, showed the lowest inhibition extent at this
concentration. When the concentration was increased to 10.0 pg/ml, % DPPH inhibition
of Trolox® and l-ascorbic acid increased to the same level as pine bark extract and
EGCG, while that of Puag-Haad an
lower than other substances (Fi '

pg/ml, the extent of DPPH

veratrol increased only slightly and were still

concentration was increased to 20.0

au levels for all antioxidants. At

- ] E—
this concentration, Tro corbic e found to provide the highest
inhibition extent, follow I t j, oxyresveratrol and finally Puag-
Haad, which demonstrat nhibiti The statistical results at the

i ‘
concentrations of 50.0 an 1( from those at 20.0 pg/ml, i.e.,
Trolox® and l-ascorbi¢ acid ranied h by the three antioxidants with
similar inhibition, namely, N ‘ , and oxyresveratrol, while Puag-
Haad always demonstrate we%@h f inhibition. The statistical data for the %
P

DPPH inhibition at each congéntyation are ; pendix A.

LA

] Al |
BMNaY
O O)iyresvemt}ol l;uag: Haad

Trolox 8 Fascorbic acd
| O Pine ba(k b B EGCG

Figure 26. The ICsy (pg/ml) of each antioxidant in DPPH radical inhibition (mean + SD,
n=23)
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Figure 27. DPPH radical inhibition percentage of each antioxidant at various

concentrations (mean + SD, n = 3)
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Although Puag-Haad and oxyresveratrol appeared to give the lowest potency as
Judged from their ICso values, the concentration was expressed in pg/ml. To better
characterize the relative potency of the individual antioxidants, the ICsq values should be
expressed in terms of pM, in which the molecular weight of the substance was also taken
into account. However, such transformation of the data from pg/ml to uM could not be
made for all the test substances because Puag-Haad and pine bark extract are not pure

resveratrol was the sole active and major

d be expressed in terms of uM. In

@ad was taken as about 80 % w/w
Malent to oxyresveratrol was

uM-could not be determined

this case, where the content.0f0Xyi€sveratrol
(Wanawatanakun, 2005,( g
calculated to be 25.71 ’

for pine bark extract t active, comp ransforming the value from

pg/ml in to pM was ob e tyrosinase inhibition test.

uM of extra 4 (ie/mly s purity (Yew/w) x Y%oxyresveratrol x 1000

olegular weight x 100 x 100

The following table es of ICso in pM versus pg/ml for

each of the five antioxGa:

Sample m , . ICso (uM)
Puag-Haad ' 8.25+0.48 25.71 £1.50
oxyresveratro\ﬂ fa %’ 34.17+2.58
Trolox® muﬂq VIEI?L ﬁﬂqﬂ‘j 2124 £2.12

l-ascorbic 091.67+1.20

A K189n 30 NEH N AL

From the above data, the ICsy of oxyresveratrol was comparable with the value
reported by Lorenz et al. (2003) with the ICsy of 28.9 uM. Oxyresveratrol was shown to
be more effective scavenger than its derivative, resveratrol and tran-4-hydroxylstilbene.
They also reported the slightly lower DPPH scavenging of oxyresveratrol than l-ascorbic

acid (ICsp 18.0 uM) and Trolox® (ICso 17.8 uM) (Lorenz et al., 2003). The ICs, value for
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EGCG appeared to be smallest regardless of the expressed unit, indicating that EGCG
was the most potent DPPH scavenger among the five antioxidants. Although I-ascorbic
acid was more potent than Trolox® when judging from the ICs in pg/ml, both seemed to
be equivalent in potency in terms of uM which agreed with results from Lorenz et al.
(2003). This observation was not to be considered as a discrepancy in data since both

types of ICso similarly indicated that l-ascorbic acid and Trolox® still demonstrated

and oxyresveratrol exhibited the lowest
potency in DPPH scavenging, 1t is 2 it ting to note that the ICsq value in
pg/ml of Puag-Haad was yery clos : &ratrol. Since Puag-Haad was a
crude extract and thus( ' \\ “possible that other undetected

| \\\

substance(s) may hav ‘\\\. contributed to its DPPH scavenging
effect. Otherwise, its -would t \ \
compound oxyresveratggl. formis g \ %

arkedly higher than the pure
from pg/ml into uM further
aad became even much lower than

oxyresveratrol (25.71 vs 3417 p herefore, l‘- be concluded that the DPPH

scavenging property of Puag-Haad-may n
use of the less expensive aqueots extra

LTI T

due selely to oxyresveratrol and thus the
ave a greater benefit over the purified

compound.

L —————————————————————————————————————————

G <

e

el
AULINENINYINS
PIAINTUNMINGAY
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3.2 Superoxide anion inhibition from riboflavin-light-NBT system or riboflavin-

photo-oxidation method

Superoxide anion scavenging activity was assayed by nitroblue tetrazolium
(NBT) method that was an indirect assay. The riboflavin photo-oxidation method was
used to generate superoxide anion. Then, superoxide anion was allowed to reduce NBT

to the blue formazan that was a spe etrically detectable product at 560 nm.

The assay was based on amples to inhibit the reduction of
NBT into formazan by superoxi &l the riboflavin-light system. The
production of the blue suring the absorbance by UV-
visible spectrophotom etha, et al.,, 2004; Banerjee,
Dasgupta and Bratati, 2  ° ]

The data on perce droxite amic bition by Puag-Haad compared to
other antioxidants or radi ) 1 ' *, l-ascorbic acid, EGCG, pine
bark extract and oxyres e grap i ally shown'in Figure 28. Each test substance

was prepared at various comc ions 5.0, 10 0, 50.0 and 100.0 pg/ml.

The figure demonst that when: the trations of the antioxidants were
increased, the inhibition or the:@f of superoxide anion also increased
Puag-Haad had thell o‘ rcer of of 88.42 + 249 % at the

oxyresveratrol (94.51 + yeero £ 0, l-ﬂ’/o) at the same concentration.
L-ascorbic acid, on the oﬂ'l hand, had the percentage of maximum inhibition of only

57.31 + 4.53 ﬂ u-ﬂ’g etfitafod i gﬁ(”ﬂgﬁlﬁ]ﬂﬁthe concentration was

increased t0100.8)ug/ml, the |nh|b|t|%p percentage did not mcrease rather, it decreased

A ENNIANI AN
h"EGCG and pine bar ract demonstrated good superoxide anion inhibition

with respective maximum inhibition of 92.78 + 0.27 % and 93.44 + 0.83 % observed at
50.0 pg/ml. Both compounds also had similar inhibition extent of 89.47 — 92.78 %
(EGCG) and 89.10 — 93.44 % (pine bark extract) at the concentration ranging from 25.0 —
100.0 pg/ml (Table 14).
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—aA— Trolox
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I

compared to other antie
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L

i

ean* SD,n=3)

i‘lil_'. oto-oxidation by Puag-Haad
ean = SD, n=3)

Ta LA :
Concentrati Bixlire &g I qsﬂﬁ? EGCG pine bark
extract
No on
' TN W
(pug/ml) w inh SD % inh SD  %inh  SD %inh SD %inh SD  %inh  SD
¥ o

1 00. - 0 0 . 0y 4 000 H 0 0.00 0.00 0.00
2 ’] q 13 : 77 3 : 0. @ 353 6071 185
3 1@0 11.64 197 1232 157 3139 145 1468 131 8481 267 8406 1.52
4 25.00 27.11 209 2698 152 4595 114 3325 200 8947 168 9232 064
5 50.00 53.38 154 5681 031 6779 139 5731 453 9278 027 9344 083
6 100.00 88.42 249 9451 088 9278 0.13 4817 415 9151 118 89.10 1.06
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Figure 29 shows the individual plots between % superoxide anion inhibition and
concentration, constructed separately for each antioxidant. The plots clearly indicate that
Puag-Haad gave a similar profile to oxyresveratrol and Trolox®, whose inhibition
efficacy increased consistently with the increased concentration and did not become
saturated at all the concentrations studied. On the other hand, the inhibition of l-ascorbic

acid, EGCG, and pine bark extract was concentration dependent only for a short range of

concentration. For l-ascorbic aci anion inhibition was saturated at the

concentration of 50.0 pg/ml, nd pine bark extract reached the

plateau region at a lower co ith % inhibition of 84.81 + 2.67

and 84.06 + 1.52 %, r 2, The ra __ [ .the absorbance values and %
superoxide anion inhibitj Ua \}e\ dants-ate presented in Appendix B.

5
E

) & " /
| é 60 g 60 +——
i g 40 = | /
| = : v j/
* |
i m 20 f
: - v
! 0 20 40 60 . ' ' S
0 20 40 60 80 100
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100 0=
%0 | R ———
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&
——

%inhibition
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\
1-.
:-_=3'

ﬂgmﬂ‘i e

0o ﬁ)SOIOO.

conc (pg/ml) conc (ug/ml) =" conc (pg/ml)

oo G A ST N B =

antioxidart (mean £ SD, n=3)

The ICsg or a concentration at which an antioxidant can cause 50% inhibition was
calculated for each antioxidant by regression analysis of the plots. It was found that a
polynomial equation gave a better R® (regression coefficient) than a linear model.
Moreover, the range of the plot used for calculation was also important. It was found that

the initial range of concentration before saturation gave the highest R? of 0.9718 — 1.0000,
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as shown in Table 15 and Figure 30. Also, the curves generated by partial polynomial
regression were similar to the actual, visually observed plots. Thus, the polynomial

regression equation was used to determine the ICsq values for all the tested antioxidants.

Table 15. The ICs values for superoxide anion inhibition of each antioxidant. The R? is
the regression coefficient obtained from polynomial regression of the initial portion of the
plot between the inhibition percentage!s
(mean = SD, n = 3)

e initial concentration of each antioxidant

. —— - polynomial equation (partial)
L amp R’ Mean SD

1 Puag-Haad 0.9962 0.00

2 oxyresveratrol 0.9967 0.00

3 Trolox® 0.9718 0.01

4 l-ascorbic acid 0.9974 0.00

5 EGCG 1.0000 0.00
' 10000

6 pine bark extrae: “0000 1.0000 0.00

AU INENTNEINS
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From Table 15, the means of estimated ICs, ranking from the lowest to the
highest value are: EGCG (2.84 + 0.21 pg/ml), pine bark extract (3.85 + 0.17 pg/ml),
Trolox® (24.90 + 0.39 pg/ml), l-ascorbic acid (40.24 + 3.32 pug/ml), oxyresveratrol (44.31
+ 0.63 pg/ml) and Puag-Haad (46.11 + 1.24 pug/ml). Since ICsp value is an indicator for
antioxidation potency, Puag-Haad and its active compound, oxyresveratrol, showed

weaker superoxide anion free radical inhibition than the other studied antioxidants. This

Figure 31. Comparlson of ICso (ug/ml) of the six antioxidants (mean = SD, n = 3)

The 1cﬂ 'iJsELQ '.ﬂyﬂmﬁ wﬂ’])ﬂ‘j 5 % significant level.

They were foundq'lo be significantly different (P <$.0.05). The data were then analyzed

A L e T T———

scavengirig efficacy. The six antioxidants were classified into 4 groups with significant

difference in superoxide scavenging activities (P < 0.05) as follows:

EGCG =~ pine bark extract < Trolox® < l-ascorbic acid < oxyresveratrol ~ Puag-Haad

2.84 3.85 249 40.24 4431 46.11 pg/ml
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The antioxidants that are joined by the same line are in the same group and not
statistically different in terms of their radical inhibition. Thus, EGCG and pine bark
extract were similar and possessed the highest superoxide anion radical inhibition
efficacy, which was significantly different from Trolox® and l-ascorbic acid, respectively.
Oxyresveratrol and Puag-Haad were also similarly active (P > 0.05) but their activity
appeared to be the lowest against superoxide anion radical due to their higher ICs, values

(P <0.05). The detailed statistical resi

arejprovided in Appendix B.

Although Puag-Haad and oxyresve ave the highest ICsg values, indicating a
relatively low potency whe ith EGEG"pine bark and Trolox®. They still
exerted a substantial ex e to 100%, i.e., 88.42 and 94.51
% at 100pg/ml, respecti gure 28, their extent of inhibition

increased consistently concentration studied (100

pg/ml). From Figure 32 #vhi Trgthar § s comparing the extent of inhibition

' gt r \\ be seen that the extents of
superoxide anion inhibi : aad and oxyresveratrol are comparable to those of
other antioxidants, especia —P - :- ncentration studied of 100 pg/ml. There is
a possibility that the inhibiti T_k ¢ [difurther increase for Puag-Haad and
oxyresveratrol if the concentratuﬁ?P € :m €d. above 100 pg/ml because the graphs
had not yet reachedug‘mlatean at th‘ oncentra : e/EGCG and pine bark extract
el of 25 pg/ml (Figure 28).

However, more studies should be do “the future -ming higher concentrations to

already reached a plate

determine the saturation goneentrations of Puag-Haad and oxyresveratrol in scavenging

o i8] Y Y| 11 V1T WE NI

The data‘%ere tested statlstlca}ly in order to compare the mhlbmon extent of the

six ant cﬂ\fltﬁ ﬁrr m;{m ﬂqﬁlﬁntratlon It was
found 3 ions o and 50 pg/ml, and pine bark extract

showed the highest superoxide anion inhibition. However, at 100 pg/ml, both Puag-Haad
and oxyresveratrol exhibited an inhibition extent similar to pine bark extract, EGCG and
Trolox® (P > 0.05), while I-ascorbic acid demonstrated the least efficacy (P < 0.05).
Moreover, at 100 pg/ml, oxyresveratrol gave the highest inhibition percentage (94.51%),
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although it is not significantly different from those of pine bark extract (89.10%), EGCG
(91.51%) and Trolox® (92.78%). The data are given in detail in Appendix B.

According to the data in Table 14 and Figure 28, the superoxide anion radical
inhibition of l-ascorbic acid was lower than other antioxidants, especially at the highest
concentration studied of 100 pg/ml, at which the inhibition percentage decreased to 48.17

% from a level of 57.31 % at 50 pg/ml whereas the extent of inhibition for other

antioxidants remained the same or ef increased at this highest concentration. L-

i ger and thus, it was expected to

provide superoxide anion inhibition mpendent manner. Therefore, the
results obtained from this*stidy-appearec onflict. The reasons for this
discrepancy could be & of l-ascorbic acid to directly

interact with NBT, evend

The confirmation® ding Wa: e by adding NBT into l-ascorbic acid
solutions at various concenffatibns < oncentratlons of 100 pg/ml and
higher, 1-ascorbic acid ‘Cau h 'NBT resulting in the solution
becoming visibly blue in riboflavin or be stimulated by

fluoresecent lamp. Thus, at ‘oncentration of g/ml or more, l-ascorbic acid was
able to cause a substantial colom%e by reacting with NBT, and hence, contribute to
a rise in the reaction mixture’s absorb: nd a drop in % rad cal inhibition.
: - =3
Moreover, anoéher reason fi 0-be the formation of ascorbyl
semiquinone radicals and oxidation of ascorbic acid by rilmq“lavin in the presence of light.
Photo-excited riboflavin c@neperform one eleétron oxidation of l-ascorbic acid generating

a riboflavin racﬂl ue&Ia’})m gln@lwﬁ cq.lﬂgﬁas a pro-oxidant at high

concentration (Kﬂ]ig and Ring, 2005)- Due to the unique propertﬁ of l-ascorbic acid,
B LARLNLE L L RCR (R0
Although -ascorbic acid can have reaction with NBT at higher concentrations,

this would not affect the calculation of ICs, for superoxide anion inhibition because the
ICsp value of l-ascorbic acid was calculated using the data from the concentrations of 0-

50 pg/ml, which were in the initial, rising part of the % inhibition-concentration curve.



conc = 5.0 pg/ml conc = 10.0 pg/ml
100 ; 100
| 80
= H
X 40 A
20 -
o L TS ey
\ ample
EGCG pine bark extract FB B pine bark extract
B Trolox Z svera 0 8 l-ascorbic acid
B l-ascorbic acid O Puag-Haad
=50.0 pg/ml

100 -
80 -
60 .
40 -
20 1
0 - r o

B pine bark extract @ bark extract O EGCG

@ Trolox  Lascorbigacid 4 | @ Troloy & lascorbic acid
0O Puag-Haad A Ox) SN g zlle O Puag-Haad

% inh

100
80 -

A ERREY TNY NS

Figure 32. Comparison of superoxidefanion inhibitien extent of the®ix antioxidants at

o RARIR AN TINETRE
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Similar to the DPPH test, the ICsy values of the five antioxidants were also
transformed into uM unit to better compare their efficacy in terms of molar concentration

in scavenging the superoxide anion free radical by the following equation.

Il

UM of extract (ung/ml) x_purity (%w/w) x %oxyresveratrol x 1000

molecular weight x 100 x 100

The calculated values of tf pg/ml are as follows:

Sample ICso (UM)
Puag-Haad 143.63 + 3.85
oxyresveratrol 172.53 £2.45
Trolox® 96.48 + 1.53
l-ascorbic acid : 227.92 + 18.81
EGCG e 6.14 + 0.44

!

DWTEy ¥
: Wty ( v Sy

EGCG gave the highest potghcy regafdless of the ICso unit similar to the DPPH

test. However, obvious differefite berween

" v T J -
A o 4R
A

o types of ICso can be seen with |-

ascorbic acid. In pg/ml uni more potent than Puag-Haad and

oxyresveratrol.  But S otent than Puag-Haad and
oxyresveratrol due to the .92 uM) although statistical test

was not performed. AIS6, the similarity in ICsy values in pg/ml between Puag-Haad and
oxyresveratrol S ‘hﬁ eplini %’ in- the extract apart from
oxyresveratrol q‘ﬁﬂ mﬂdﬂ ?sﬂﬂnﬁnﬁn scavenging activity.
Transformation of the ICs, values frofn ml into further confitrhed this hypothesis
since thﬂ%ﬂﬁ&ﬂﬁ(&ﬁvma’l; loy ml%[l (’)l'avﬂtrol (172.53).
Thqe activity of all test compounds can be explained by its polyphenolic structures
with can give hydrogen atom to the reactive species; superoxide anion. Some reports
clarified this activity by the definition of reduction potentials of this compound that are

lower than superoxide anion which means the phenolic compound may inactivate

superoxide and prevent the deleterious consequences of their reactions. However,
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superoxide anion scavenging activities can be determined in various tests such as
xanthine/xanthine oxidase system. Thus, the results seem to be slightly different (Yuting
et al.,, 1990; Cotelle et al., 1992; Hanasaki, Ogawa, and Fukui, 1994; Catherine et al.,
1996).

AULINENINYINS
ARIANTANNING 1A Y
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3.3 Hydroxyl radical inhibition by ABTS/H,0,/FeCl; method

In this method, hydroxyl radical scavenging activity was measured in the
ABTS/H,0,/FeCl; system. Hydrogen peroxide can readily react with transition-metal
catalysts to generate the hydroxyl radical (HO). In this reaction, ABTS is oxidized in
the presence of hydroxyl radical to generate an intermediate, a metastable radical form of

oxidized ABTS yielding a green color solution that can be measured at 416 nm. The

¢ Wpercent inhibition of hydroxyl radical (%
y?éﬁ;cal inhibition exerted by Puag-

Cid 5vand pine bark extract at various

antioxidant activity of the extract, exp

Haad, oxyresveratrol, T

concentrations (0.5 to oxidant). As seen from the data

in Table 16 and Figur ncen s increased the hydroxyl free radical
scavenging activity also i i exeept for pine bark extract) until
reaching a plateau at cert | radical scavenging activity of
Puag-Haad increased t nof 50.0 ug/ml, and then only
slightly increased to 90.06"+ tration was raised further to 100.0

inhibition did not greafly incre s, according to Figures 23, 28,

and 33, the profiles of Puag-Haad were very much alike ‘those of oxyresveratrol. These

similarities verify the h is or, if not sole, active
antioxidant co ﬁ(imy ﬁ{ﬁﬁ ﬁ a ?eroxnde anion, DPPH
radical and hydro?yl radical.

X T T—
activity bécause both vitamins reached the inhibition saturation at very low concentration
and still showed high inhibition percentages. L-ascorbic acid reached a plateau at 5.0
pg/ml with 96.24 £ 1.70% inhibition, whereas Trolox® reached a plateau at 10.0 pg/ml
with 96.12 + 1.01% inhibition. EGCG demonstrated a similar scavenging activity to
Puag-Haad and oxyresveratrol, which was in contrast to the previous two tests in which

EGCG was more effective. The hydroxyl radical scavenging data are shown in Figure 33
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and Table 16. EGCG showed inhibition saturation at the concentration of 50.0 pg/ml
(81.43 + 1.81%) similar to Puag-Haad and oxyresveratrol but its extent was slightly
lower.

In this test the pine bark extract was found to possess the lowest hydroxyl radical
scavenging potency. At the maximum concentration of 200.0 pg/ml, it gave percent

inhibition of only 70.43 + 1.36 %, which was lower than other antioxidants. Figure 34

individual antioxidants. The ¢

scavenging extent of each a

Table 16. Hydroxyl free radieal i -

ompared to other antioxidants
at various concentrations (1 ar / j \ \

. conc Puag-Haad oXyr // / p ‘E m\ Trolox* ascorbic acid

% %
SD SD

0
'ml SD
Ggmh inh inh inh

n

0.00 000 0.00 0.00 0.00 000 0.00

5.00 2980 229 1516 111 21.15. 627

1000 5224 1.89 2476 256  36.12 280

2000 7076 222 41.90 1.58 5837 105

5000 8489 0.84 8496 506 9624 1.70

100.00 9006 1.72 -;_-;;;:;;-::::;;;;::.;;_s._..".", ] 96.12 101 9744 142

200.00 2 - ol

£ 7 20, 9736 090
] -

)
ﬂUEl’J‘VIEWliWEJ'lﬂi

AN AINIURIINAE
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Fenton test
00, .,
90 17
- //_,,
70 Y
£ 604
2 :
[ 2 50 , j
| 8 ! ,/
2 40 Y
30 ,

200.00,

Figure 33. The extent ¢ dxyl 1 ibition by P g-Haad as a function of

concentration in compa other antioxidants (mea ' SD, n=3)

Puag-Haad Trolox
100 T e i 120
— | E = ™A 100
80 BO” 5 -
£ ) | | ' g ® —
s =
€ 40 3 /
S fr S 40
20 20
0 ¢ 0 & -
0 20 40 60 . 0 5 10 15 20
conc (ug/ml) .. [ conc (pg/ml)
pine bark extract
! E ] /
3 60 QF——*
=
&

' == |

0 50 100 150 200
conc (pg/ml)

conc (pg/ml)

Figure 34. The extent of hydroxyl radical inhibition and concentration for each antioxidant

(mean £ SD, n=3)
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Table 17. The ICso values for hydroxyl radical inhibition of each antioxidant. The R? is
the regression coefficient obtained from polynomial regression of the initial portion of the
plot between the inhibition percentage and the initial concentration of each antioxidant
(mean + SD, n = 3)

polynomial equation (partial)

no. sample
1C50 (ug/ml) Mean SD R? Mean SD
9.54 1.0000
1 Puag-Haad 0.61 0.9991 0.9997 0.00
1.0000
0.9993
2 oxyresveratrol 0.9999 0.9997 0.00

0.9998
0.9937

0.9989 0.9968 0.00
0.9977

0.9929
0.9882 0.9926 0.00
0.9967
0.9999
0.9890 0.9925 0.01
0.9885
0.9721
0.9707 0.9757 0.01
0.9843

3 Trolox®

4 l-ascorbic acid

5 EGCG

6 pine bark extract

AUEINENINYINS
RN TAUNIINGIAE
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Fenton test
60.00

IC50 (ng/ml)

lf )y l\‘%\\
Figure 36. The ICsy valuesor /drg ﬁﬁ" \

on of each antioxidant (mean
+SD, n=3) \

7
pyrsor. ¥ -
Then, the ICsy or ghe €oric ) ¢ ain antioxidant can cause 50%
Rl 7
inhibition of hydroxyl radicalias 5 caicnlates gression analysis using the data from

the initial part of each inhibition p ike the superoxide anion and DPPH
tests, a polynomial equatio used and the res ivgh in Table 17 and Figure 35.

nibe ranked from the lowest to
the highest as follows: lgcor ac 01037, g/ml@l‘rolox (2.39 £ 0.09 pg/ml),
EGCG (6.20 + 0.31 pg/ml} oxyresveratrol (7‘.) + 0.54 pg/ml), Puag-Haad (9.47 + 0.61

pg/ml) and pme “tj g?@ W@Wﬂq%alue is an indicator of
i

the potency of angantioxidant, the pme bark extract which demonstrated the highest ICsp

) IV TAPTR WD (131 £ e

From this figure it can be seen that l-ascorbic acid and Trolox® gave the lowest

According to Tabl

ICso and thus possessed the strongest hydroxyl radical scavenging potency. EGCG,
oxyresveratrol and Puag-Haad gave slightly higher ICs, values than l-ascorbic acid and
Trolox® (3.9 — 6 times higher than l-ascorbic acid) indicating a slightly lower potency

than the two vitamins. On the other hand, the ICs; value for the pine bark extract was 31



105

times higher than l-ascorbic acid, indicating that it was the least potent hydroxyl radical
scavenger.

The ICso values were analysed using one-way ANOVA at 5% significant level.
Significant differences were found among the ICs, values of the studied antioxidants (P
<< 0.05). The data were subsequently further analyzed by Tukey’s test in order to

differentiate the antioxidants with respect to their hydroxyl radical scavenging potency.

r/]could be divided into three statistically
: ioJ r'a-Haad< pine bark extract

47 48.56 pg/ml
 the “'r in the same group and not
'é" oal n. Thus, l-ascorbic acid and

chest hydrc N radical inhibition potency, which

was significantly different'fro e : sup of EGCG, oxyresveratrol and Puag-Haad. The

The results showed that the six

different groups (P < 0.05) as fo!

l-ascorbic acidx Trolo

1.57 2,

The antioxidants
statistically different in

Trolox® was similar and DOS

: e est'due to its highest ICs value, which
was 30.93- and 5.13-folds less poie the -as acid and Puag-Haad, respectively (P
<0.05). The detailed stati Bpéndix C.

: WX L
L-ascorbic aei most potent inhibitors or

i€ lowest Icm values. Their high potency
could be noticed from the'plets in Figure 33gand data in Table 16, in which the studied

concentration \ﬁ %eﬂt@.%g&} ﬂ @ngcﬂq ﬂI§20.0 ug/ml for Trolox®

since the inhibitibn already reached 3 plateau leve'IEEt 5.0 and 10.%g/ml for l-ascorbic

acid afa ﬁyqaﬁpﬁ@m ﬂ%@@wyﬂrﬁﬁnd Puag-Haad

demonstrated less potency than the two vitamins, the maximum studied concentration

scavengers of hydroxﬂree radical, w

was extended to 100.0 pg/ml for these compounds.

On the other hand, the hydroxyl free radical inhibition of the pine bark extract
increased only slightly when the concentration was increased. Therefore, the maximum
studied concentration was much higher, ending at 200.0 pg/ml.  Even at this

concentration, it still provided the lowest inhibition (70.43 %) and the plateau level still



106

was not reached. This was the reason why it was not feasible to compare the extent of
hydroxyl radical inhibition of all six antioxidants at every concentration. The comparison
was made only at 5.0 and 10.0 pg/ml, and also at the last concentration of each
antioxidant, where the maximum inhibitory effect was observed (Figure 37).

After analysis with one-way ANOVA and Tukey’s test at 5% significance level,
the rankings of the hydroxyl free radical scavenging activity of the six antioxidants at

these concentrations were the same. i

ost potent group consisting of l-ascorbic

acid and Trolox®, 1ate grot i8ting of EGCG, oxyresveratrol and Puag-

Haad, and the least potent group-was i eA’act. Statistical data comparing %
. T——

inhibition at these concentzations aie provided in Appendix C.

structures. On the other hand, th ! ’*_ €Xfract demonstrated the lowest hydroxyl

radical scavenging activity despi 50 beingapolyphenol. This could be due to the
ST T
subtle difference in;!ha ‘chemical nature of . which consists mainly of

proanthocyanidins. Nevertk cal'scavenging activity of pine
bark extract reported hdﬂ is on
activity was still sngmﬁcq)gver the contro} in which no pine bark was added to the

s On ARSI IR iy o e

extract (Virgili, ‘obuchi, and Packe 1998; Guo Zhao, and Packer 1999; Packer,

Rimba %ﬂ WNm ﬂ (@ 1cal scavenging
activity of thi mun usin tr hich™also’ génerated the free radicals by

Fenton reaction, as assessed by EPR spectroscopy. However, the IC50 for the pine bark

ompan@\ with other antioxidants. Its

extract could not be calculated due to complex components of the mixture. Futher study
could be carried out for the structure activities relationship of these compounds.

Differences in the testing conditions probably also contributed to the variation in the

results.
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Figure 37. Comparison of hydroxyl radical inhibition extent of the six antioxidants at the

concentration of 5.0 pg/ml, 10.0 pg/ml and the highest test concentraton; l-ascorbic acid

(10 pg/ml), Trolox® (20 pg/ml), EGCG (100 pg/ml), oxyresveratrol (100 pg/ml), Puag-

Haad (100 pg/ml) and pine bark extract (200 pg/ml) (mean + SD, n = 3)
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The ICso values of the five antioxidants (except pine bark extract) were also
transformed into puM unit to better compare their efficacy in terms of molar concentration

in scavenging the hydroxyl free radical by the following equation.

pMofextract =  (ug/ml) x purity (%w/w) x %oxyresveratrol x 1000

molecular weight x 100 x 100

The calculated values g/ml) are as follows:

Sample ICso (uM)
Puag-Haad 29.51+1.91
oxyresveratrol 28.86 +2.09
Trolox® 9.26 + 0.34
l-ascorbic acid 8.89+0.15
EGCG “\ - 13.40 + 0.66

cer \\
It is interesting to note that , 0f Ruag-Haad in pg/ml was now higher than

oxyresveratrol (9.47 versus 7.4 .‘F { e hydroxyl radical scavenging activity

of the extract was due mainl not to other minor component(s) that

GO igifJ

*quivalent molar concentration of

might be present in the extract. 1

by the ICs values in uM
which showed that P v;i‘

oxyresveratrol, almost g e the same value of ICsp as that‘of the pure compound (29.51

versus 28.86 p glf corbic acid (8.89) and
Trolox (9.26) \gl ﬁ ﬁ ﬂﬂmﬂﬁ ﬁh‘irs However, the ICsy
value for EGCG appeared to be about two-times smaller than oxyngsveratrol and Puag-
Haad a@ %ﬂrﬁ@& 1ﬂ wn%a @ mrE}afc}@ &CG has a much
higher molecular weight (MW = 458.4) than oxyresveratrol (MW » 244) and thus, based

on a mole-by-mole basis, less molecules of EGCG are required to produce the same

extent of inhibition as oxyresveratrol.
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3.4 UV-induced lipid peroxidation (Hemolysis test)

Erythrocyte has a large amount of lipid membrane compared to other tissues, and
hemolyis can be induced easily by singlet oxygen as a result of membrane damage via
lipid peroxidation (Kawashima et al., 2003). In this method, singlet oxygen is produced
in the system by exposing hematoporphyrin, a photosensitiser, to UV radiation. Singlet
oxygen, then, can oxidize erythrocyte membrane lipid, causing lipid peroxidation, which

leads to the degeneration of erythrocyte Eb;ane and eventually hemolysis. Based on

this assumption, any substanc scavenge such singlet oxygen, could

possibly reduce hemolysis.

During the preli e optimum period to irradiate

the control system (re in without antioxidant) until
V irradiation was conducted
for 60 min, the extent o Aolysis” was . \ﬁ which was not sufficient to
evaluate the anti-hemolyti j the te : e 90 min-exposure time was
found to consistently cai - | the control groups. The UV

t'the extent of hemolysis did not

change significantly or only s glny cr de ) he irradiation time was fixed at 90
. 2
min in all subsequent studies. Taﬁ& erage percentage of hemolysis before

had not yet been irradi@d, a sma olysisﬂas also observed. The extent
of initial hemolysis rangengween 0.88% arnij.94% (Table 18). This pre-UV exposure

hemolysis may ﬁv%ﬂrﬂrﬂﬂ (el dafpage 8f ¢rfthrodyfe} Taring sample preparation

which involved giipetting, mixing and centrlfugatlon As such, deductlon of this amount

TN TS
interfeae ;i lysis er cquired results

concerning absorbance values and the percentage of hemolysis before and after UV-
irradiation are provided in Appendix D for the individual antioxidants.
Table 19 shows the average value of percent hemolysis for each antioxidant after

correction for the non-UV induced hemolysis. (The individual raw data are shown in
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Appendix D). It can be seen that the extent of hemolysis was still above 80% in all the

control groups (no antioxidants) even after correction.

Table 18. Comparison of percent hemolysis before and after UV irradiation obtained

from samples with and without antioxidants (mean + SD, n = 3)

% Hemolysis (Mean + SD)

Conc
Sample (pg/ml)
1) Puag-Haad
2) oxyresveratrol
3) Trolox®

4) l-ascorbic acid

Auding
TR I

600

After UV
(90 min)

5.02+0.30

EXTIRTD

3.76 £1.79

6.51+ 145
1.33'10:31

90.06 + 4.60
61.15+£0.67
30.88+£0.93
13.48 £6.05
91.54+0.82
51.35+2.27
35.05+2.46
13.34+1.91
96.74 £ 1.10
97.12+1.55
97.02+1.29
94.58 + 1.67
96.60 + 3.06
92.73 +1.88
92.37+2.11
92.46 +2.85
95.26 £ 1.05
90.98 +£5.28
87.72+1.25
71.46 + 6.89

WEANYNR Y

32.02+0.33
7.00+1.12
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Table 19. Percent hemolysis at 90 min after correction for the non-UV induced

hemolysis (mean + SD, n = 3)

Conc % Hemolysis (Mean + SD)
2 ; pine bark
(ng/ml) Puag-Haad  oxyresveratrol Trolox® l aii?;b'c EGCG extract
0
8423+460 88.04+0.82 9035+1.10 9220+3.06 90.24+1.05 91.46+2.67
(control)
200
59.75+0.67 4838+ ' y/ 86.97+1.88 87.57+5.28 39.28+1.13
400

22.94+0.93 81 +2.11 8434+125 2551+0.33

600 — —
12'6“6'05 5845+ 167 “88.12+2385 67.70£689 567+ 1.12

Table 20. Comparison of pegcen et at 90 min among the six

antioxidants. The data dividual antioxidant’s control

group (mean £ SD, n= 3).

Conc ly: 3 5 (Mean + SD)

pine bark

(pg/ml) Puag-Haad Oxyresv aliC l-ascorbic cid EGCG ARG

7——‘.

:"’v—---—»--—»-»—--»-~ o '-'J 100.00+ 1.16  100.00 +2.92

(control)

200

70.93 £0.79 m«t 95+2.58 102.18 £ 1.72 94. 32& 04 97.04 £5.85 4295+1.24

" mAUBTNUWINYART veve mmes

0 -
l496t718 905217 ©9789+185 4£295.57+3.10 U021764 6.20+1.23

RN E RS

Flgure 38 illustrates the percentage hemolysis taken from the data in Table 19,
which were plotted as bar graphs to compare the concentration effect on the individual
antioxidants. It can be clearly seen from this figure and Table 19 that addition of Puag-
Haad, oxyresveratrol, EGCG and pine bark extract to the red blood cells could decrease

UV-induced hemolysis. This effect was also concentration-dependent as the hemolysis



112

extent was found to decrease with increasing concentration in the range studied, which

was 200-600 pg/ml.

On the other hand, Trolox® and l-ascorbic acid could not decrease

hemolysis in the same concentration range as the extent of hemolysis of the two vitamins

barely differed from their respective control groups (0 pg/ml).
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Q o |
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Figure 38. Percent herrBysn

(mean % SD, n=3)
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the values obtained for each antioxidant in relation to its own control in order to make a

valid comparison among different antioxidants. The percent relative hemolysis was thus

calculated for each concentration of the individual antioxidant using the following

equation:
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% Relative hemolysis = %x 100 %
Where A = Percent hemolysis in the presence of antioxidant

B = Percent hemolysis of control (no antioxidant)

The average values of percent relative hemolysis and the individual data are

tabulated in Table 20 and Appendix D, te

data were also plotted as b aphs as & igure 39. The graph patterns were

quite similar to those 36 /with  the exception that the values were now

g
8
4

3
8

8
8

%Relative hemolysis

20.00 -
0.00 - ”’ = 7 . %gl 2 :
- HUNINGIRNAQNS <,
4 &% 00,(.7 o N

QRARIAUNTIINIANY

Figure 39. Percent relative hemolysis of the six antioxidants at various concentrations

(mean + SD, n=3)

* significantly different from control group (P < 0.05)
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The percent hemolysis values both before (Table 19) and after normalization (%
relative, Table 20) were then evaluated for each antioxidant using one-way ANOVA at
5% significant level in order to assess the effect of varying antioxidant concentration on
hemolysis. The results show that Trolox® and l-ascorbic acid could not protect
erythrocytes from hemolysis at all three concentrations studied since the hemolysis

values obtained from the test samples and the control were not significantly different (P>
0.05). On the contrary, the other test antioxidants demonstrated significant concentration
effect on hemolysis (P < 0.05). _ V& mparison was further applied to rank
the effect of each antioxid : J. 4

oxyresveratrol and pine barkeextia ive effect against UV-induced

t results showed that Puag-Haad,

hemolysis in a concentration-depends anner, | ich the anti-hemolytic effect

increased significantly frg 00 ‘respectively (P < 0.05). Their

protective effect was also est concentration studied (P <
0.05), with the percent el s m 100% to 14.96%, 9.05% and
6.20% for Puag-Haad, o SV _ '-__I,' e bark ex respectively. With respect to

EGCG, the active ingredient i ) tea leay € ‘Tukey’s test result showed that only the

highest concentration (600 g@@ P < 0.05), with percent relative
hemolysis decreased from 100‘29,.:13;]‘5_,1‘_)2” 0). ANOVA and Tukey’s test results

e f.ﬂ‘,; 01 .
of the concentration ¢ffect on the percent h

statistical results were_the same regarc * non-normalized or the relative

hemolysis data were usg.
Subsequently, the four antioxidants (Ruag-Haad, oxyresveratrol, EGCG and pine

bark extract) ﬁueﬂn%a% &Waﬁ Wﬂvﬁeﬂc@gainst hemolysis were

compared togethéf using one-way AI}OVA at the gme effective cgcentration in order
to distingui _ @ﬂljmxﬁwfﬁ;ﬂa ﬂisﬂr&ﬁcavenging/anti-
hemolyﬁaﬁ:}rﬁ\e comparison was made at 600 pug/ml, which was the concentration
that all four antioxidants gave their highest anti-hemolytic effect. Significant difference
among groups was found (P < 0.05) and Tukey’s test was applied to rank the anti-

hemolytic effects (% relative hemolysis) as follows:
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pine bark extract ~ oxyresveratrol ~ Puag-Haad < EGCG
6.20 9.05 14.96 75.02 %

Thus, pine bark extract, oxyresveratrol and Puag-Haad apparently demonstrated
comparable protective effect against UV-induced hemolysis (P > 0.05), whereas EGCG
demonstrated significantly lower anti-hemolytic activity (P < 0.05). For l-ascorbic acid

and Trolox® the protective effect i olysis could not be observed, where the

7 ed in both the samples and control
groups. Appendix D also tailed s : sults of the anti-hemolytic effects
T—

of the four antioxidants ——

high and indifferent hemolysi

Additionally, th 0 ' cause 50% on in hemolysis relative to the
control were also calc indi du 1 in terms of both pg/ml and
mM units as shown in 19F2JF ! H‘ >from mg/ml in to mM was
conducted by the followin tion ﬁ’;

mM =, i J::_ %ow 1000 x 1000
Jias-mole eight x 100
Y
Table 21. The ICs va s xidant (mean%SD, n = 3)
Sample e - ICsp (mM)

Puag-Haad L) 284 0.88
oxyresveratrol ‘' a 22.53 1.00

pine bark extr: uﬂqw8ﬂ§7wﬂﬁﬂ‘j =

EGCG U 802.32 173

¢ /s

WIANEIaE
ﬂ‘eﬂna@eﬂvﬂ gir;:muédufom polynomial regression of the curve of the
percentage relative inhibition and the antioxidant concentration. The calculated values
were found to be in agreement with the visually observed values from the curve. It can
be seen that the ICs values in pg/ml obtained from Puag-Haad, oxyresveratrol and pine
bark extract were similar, where the difference between Puag-Haad and pine bark extract

was not more than 1.44 folds. On the other hand, the very high ICsy value of EGCG
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(802.32 pg/ml) indicated that it was least effective among the four antioxidants tested,
i.e., it was 4.07-, 2.82- and 3.12-fold less effective than pine bark extract, Puag-Haad and
oxyresveratrol, respectively.

A closer examination of the data in Table 21 revealed that Puag-Haad had a
slightly higher ICsy value (284.28 pg/ml) than oxyresveratrol (257.53 pg/ml) indicating

that the pure compound could be the major component responsible for the singlet oxygen

scavenging activity. When the data

extract and the pure compound

further strengthened the pr esveratrol was the major, if not

sformed into mM unit, the ICs, values of the
‘;ical (0.88 versus 1.00 mM), which

sole, active singlet oxygen the exirz
ICso value in mM (1.73),

a high MW compound lj

G still gave a relatively high
d and oxyresveratrol indicating that
han Puag-Haad and its active

component. On the other pe determined for the pine bark

extract since it contained t nd thus comparison on a molar
basis could not be made.

Trolox® and l-asc cetive effect against UV-induced
hemolysis at all within the 0{@ fange evaluated. The protective or anti-

the ability of an antioxidant to scavenge

ibrocyte membrane via lipid

singlet oxygen, whichlis msponsible;_f
peroxidation. Thus, it4s possible that ects’of the test antioxidants on
lipid peroxidation obse&d in thi

because mammalian and htiman cell membranes also contain phospholipids as a major

component. Erﬁoueﬂr% l%%i&lt% sﬁdw &Ie’x}ﬂnatal model because their

analysis was relatively simple, i.e., wljen the cells are destroyed (known as hemolysis),

the red ﬁ)ﬁcﬁ;r)@lﬁlﬂmﬁﬁﬂ % wﬂﬂta‘:’g easily detected

ay as well hmobserved in other cell types

by a vis tom

As demonstrated by this method, UV irradiation of a photosensitizer such as
hematoporphyrin can generate singlet oxygen, which in turn, causes lipid peroxidation of
the red blood cell membrane leading to hemolysis (Bibincova et al. 2001). Pine bark
extract, which contains proanthocyanidins, was found to be a potent singlet oxygen

scavenger or inhibitor in this study. It inhibited the hemolysis process to a much greater
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extent than EGCG. Similar effect was also reported which showed that an extract of pine
bark consisting of a mixture of flavonoids, mainly procyanidins and phenolic acid,
displayed greater biological effects as a mixture than its individual, purified components,
thereby indicating that the multi-components could interact synergistically (Facino, 1998;
Carini, et al., 2000; Bergman, et al., 2003). Carini et al. (2000), using a gamma-irradiated
liposome model, suggested this inhibitory effect of procyanidins was due to inhibition of

lipid peroxidation and site-specific ipid interaction. It is a complexation

mechanism, through electrostatic i en the nucleoplilic phenol groups of
oligomeric catechins and th égspholipids in the membrane, that

stabilized it against dam

is case the lipid peroxyl radicals
generated from gamma-j

Similar to the exti his ound that Puag-Haad and

oxyresveratrol can provi “pro ctive ffe inst hemolysis. The activity
could be a result ox‘yresveratrol (2 14 3y S
tetrahydroxystilbene), Xyl groups that somehow can readily
formed by donation of p d subsequently react with singlet oxygen

On the contrary, Trolox&@ﬁ:l-gs' “acid failed to provide any protective
effect or singlet oxy:h scavenging activity, e ! ? oncentration range used in

in vitro under mechanical stress from ultra ‘ ille@t al., 2003). They found that
applying ultrasound in the presence of highgconcentration of Trolox® resulted in more

damage to theﬁy\u)ﬂa’raefﬁﬁ W‘jbﬂﬁt’t}ﬂlﬁs They explained that

ultrasound appli&dtion could induce c‘;lwtatlon in the membrane and cause membranous

antioxi ﬁ ?m nmm[la m ntegnty leading
to increa reo ncentrations or under Special condition,

prooxidant effects of Trolox® and I-ascorbic acid have been widely discussed (Azzi and
Stocker, 2000). Especially for Trolox®, some reports demonstrated that alpha-tocopherol
accelerated lipid auto-oxidation in vitro and may act as an endogenous photosensitizer
enhancieng light-induced oxidative damage (Jacob and Burri, 1996; Konig and Ring;

2005). Inaddition, the photo-oxidation of Trolox® and I-ascorbic acid is another possible
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cause of failing the anti-hemolysis test. UV irradiation can induce the decay of
antioxidants, especially for vitamin E and l-ascorbic acid (Allwood and Martin, 2000;
Tanino et al., 2005). The weak anti-hemolysis activity of both antioxidants may be due to
the degradation via UV irradiation resulting in the lowest protection activity. However,
further studies should be conducted to confirm this hypothesis.

Hence, several possible mechanisms may be involved in the current observation

lysis. For example, Trolox® and l-ascorbic

‘ gt study in which high concentrations

s necessary in order to facilitate
————

direct comparison of thej {th other ar which showed significant anti-

of I-ascorbic acid and Trolox® effect g

Moreover, lipid idauon of erythrocyte e is a chain-reaction process
enzymatic reactions, ionizing
singlet oxygen, other radicals may
also be produced and ¢ e membrane as well. Various
antioxidants can inhibit li 'l * t ferent levels. Vitamin C and vitamin E

dical scavenging activity based on

the gamma-irradiated liposomedn@j__wp a stilbene derivative like resveratrol, which
is a trihydroxystilbqg‘ﬁ was able to ki idation to the same extent as

§ f.this study (Stojanovic, Sprinz,
and Brede, 2001). Hogver, Sof . lffererﬂfrom Stojanovic et al. (2001)
depending on the models being used (Fgankel, Waterhouse, and Kinsella, 1993;

Belguendouz, lﬁ'nu Bl Tin3fd. 1959 sanceq-Bdrendf Rargauri, and Calixto, 1999;

Fremont, 2000)%! Frankel et al(199‘3) reported that eplcatechm can inhibit copper-

catalyz ﬁ im m E;l W rareratrol. On ther
other h:ﬂ m nt et nd S oreno et al. (1999) showed

that resveratrol inhibited copper-catalyzed peroxidation of LDL much better than
epicatechin. So, controversy among results still exist in the literature and more studies

are inevitably requied to clarity the real mechanisms of these antioxidants.
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