
CHAPTER IV
RESULTS AND DISCUSSION

Part 1. Preparation of crude extracts from fruit juice of Phyllanthus 
emblica locally grown in Thailand

E xtraction  o f  natural plants can be done by various m ethods depending on the 
polarity  o f  active constituents to be extracted. M any solvents can be used for 
extraction  such as hexane, ethyl acetate, acetone, butanol, ethanol, m ethanol and 
w ater. In th is study, ethyl acetate, acetone and ethanol w ere used as extracting 
solvents for p. em blica. The ethyl acetate extracts o f  p. em blica  had been reported to 
exhibit the h ighest DPPH scavenging activity  com pared w ith the hexane and 
m ethanol ex tracts (M ahattanapokai, 2004). A cetone and ethanol had also  been used to 
isolate hydrolysable tannins o f  p. em blica  by G hosal (1996) and these extracts were 
found to exhibit strong protective action on erythrocytes against asbestos fibre- 
induced oxidative stress. Therefore, the spray-dried pow der o f  p. em blica  was 
investigated by extraction  with these three solvents to  com pare the type o f  solvent and 
the extraction  process on the ex trac t’s antioxidant, anti-co llagenase and an ti
ty rosinase activities. In this part o f  the study, the spray-dried pow der o f  p. em blica  
(50 g) w as extracted  successively  by solvents w ith d ifferen t polarities starting from 
ethyl acetate, acetone and follow ed by ethanol using Soxhlet extractor. M oreover, the 
spray-dried pow der (15 g) w as also directly extracted by individual solvents (acetone 
and ethanol). T he extracted solutions w ere concentrated by rotary evaporator to give 
five fractions o f  p. em blica  extract including ethyl acetate, acetone (successive), 
ethanol (sucessive), acetone (direct) and ethanol (direct) extracts. The extraction 
condition  and the yield o f  these five fractions are show n in T able 9. T he p ictures o f  
Sohxlet ex tractor and evaporator are show n in Figure 16. T he ethyl acetate extract had 
dark-brow n co lor and gave 4.96 %  พ /พ  yield. A cetone (direct) and acetone 
(successive) ex tracts had yellow -brow n color and gave 9.79 % and 10.38 % พ /พ  
yield, respectively. E thanol (direct) and ethanol (sucessive) ex tracts had brow n color 
and gave 14.00 %  and 14.32 %  พ /พ  yield. The picture o f  spray-dried  pow der and five 
fractions o f  p. em blica  are respectively show n in F igures 17 and 18. A lthough the
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extraction  procedure w as d ifferen t (successive or d irect extraction), the yield results 
w ere sim ilar i f  the sam e solvent w as used. For exam ple, both the successive and direct 
ethanol extracts gave the h ighest yield. This w as follow ed by the acetone (successive 
and direct) and the ethyl acetate extracts. T his indicated that the spray-dried pow der 
o f  p. em blica  the h igher contents o f  the m ore polar com ponents than the less polar 
ones.

T able 9. The extraction  o f  sprav-dried pow der o f  p . em blica
Process Ethyl A cetone Ethanol A cetone Ethanol

acetate (successive) (successive) (direct) (direct)
1. Extraction

Spray-dried p. em blica  (g) 50 47.51* 40.62** 15 15
V olum e o f  extraction  (m l) 300 300 300 300 300
T im e (m in) 318 395 670 274 495

2 .C oncentration
(rotary evaporator)

T em perature (°C) 50 50 50 50 50
R otate (cycle/sec) 2-4 2-4 2-4 2-4 2-4
T im e (m in) 30 45 60 30 30

3. C rude extract w eight (g) 2.4804 4.9293 5.8150 1.468 2.1001
4. %  yield 4.96 10.38 14.32 9.79 14.00
* w eight o f  ethyl acetate insoluble solid 
** w eight o f  acetone insoluble solid

Figure 16. Soxhlet ex tractor and evaporator
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Figure 17. Spray-dried p. em blica  pow der

Figure 18. Five fractions o f  p. em blica : ethyl acetate, acetone (successive), acetone 
(direct), ethanol (successive) and ethanol (direct) extracts.
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Part 2. Evaluation of different Phyllanthus emblica extracts for 
antioxidant activities

2.1. Hydrogen-donating activity (DPPH radical scavenging activity)
T he role o f  an antioxidant is to  rem ove free radicals. O ne m echanism  through 

w hich th is is achieved is by donating hydrogen to  a free radical in its reduction to  a 
non-reactive species. A ddition  o f  hydrogen w ould rem ove the odd electron feature 
w hich is responsib le for radical reactivity. The hydrogen-donating  activity  o f  spray- 
dried p. em blica, five solvent extracts from  the spray-dried p. em blica  as w ell as a 
com m ercial p . em blica  extract, 1-ascorbic acid, Trolox® and EC G C  w as determ ined in 
term s o f  their ability  to  scavenge the DPPH stable free radical, as a hydrogen 
acceptor. T he degree o f  DPPH discoloration is attributed  to  the hydrogen donating 
ability  o f  the test com pounds w hich is indicative o f  their scavenging potential (Negi et 
al., 2005). The change in co lor o f  the free radical D PPH  absorbance, m easured a t 517 
mn, w as evaluated  by com parison w ith a control sam ple w ithout hydrogen-donating 
com pounds. T he result indicated that all the various solvent extracts o f  p. em blica, 
com m ercial p. em blica  product, 1-ascorbic acid, Trolox® and EG C G  possessed a 
varying degree o f  free radical scavenging activity. The plots o f  percentages o f  DPPH 
scavenging activ ity  (%  inhibition o f  free radical) at various concentra tions (0, 0.5, 1.0, 
2.5, 5.0, 7.5, 10.0, 20.0, 50.0 and 100.0 pg/m L) o f  the test sam ples are show n in 
F igure 19. It w as found that EG CG  exhibited the h ighest D PPH  scavenging activity 
follow ed by 1-ascorbic acid, Trolox® and the p. em blica  extracts. The spray-dried p. 
em blica  possessed the D PPH  radical inhibition (H -donating  activ ity) quite sim ilar to 
the com m ercial p. em blica  extract. H ow ever, both the spray-dried  and the com m ercial 
p . em blica  ex tracts exhibited low er inhibition w hen com pared w ith the acetone and 
the ethanol extracts. T he ethyl acetate extract show ed the low est scavenging activity 
on D PPH  as seen in F igure 19 and T able 10.
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DPPH scavenging activity

-  - A - - EGCG — *—  1-as CO rb ic ac id —0-— Trolox
— •— Ethanol (successive) - - - - - -  Acetone (direct) — 1-----Ethanol (direct)
— e—  A cetone(s ucces ร ive) — A— Spray-dried p. emblica —X—  commercial p. emblica
— • —  Ethyl acetate

Figure 19. DPPH radical inhibition o f  various solvent extracts o f  p . em blica  com pared 
to  com m ercial p . em blica  ex tract and o ther antioxidants at d ifferent concentrations 
(M ean ±  SD, ท = 3).

It w as found that as the concentration w as increased, the ex ten t o f  DPPH 
inhibition  also  increased for all antioxidants until certain  concentrations w here the 
plots reached a plateau and the inhibition becam e steady. The clearly  relationship 
betw een D PPH  radical inhibition and the concentration  o f  the individual antioxidants 
is show n in F igure 20 and T able 10. The percent DPPH radical inhibition increased to 
92.45 ±  0.59, 92.69 ±  0.77, 95.26 ±  0.14, 95.72 ±  0.00, 95.54 ±  0.13 %  at 20.0 pg/m L 
for spray-dried  p. em blica  and acetone (successive), acetone (direct), ethanol 
(successive) and ethanol (d irect) ex tracts o f  p. em blica , respectively, then reached a 
p lateau betw een 50.0 and 100.0 pg/m L . L ikew ise, the com m ercial p. em blica  extract 
also show ed the increase in percent DPPH radical inhibition to  92.71 ±  0.14 at 20.0
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Pg/m L concentra tion  and then reached a plateau betw een 50.0 and 100.0 pg/m L. On 
the o ther hand, the percent D PPH  radical inhibition o f  the ethyl acetate  extract at 20.0 
pg/m L  w as only  77.54 ±  0 .45%  and increased to 95.06 ±  0.21 at 50.0 pg/m L  and 
rem ained relatively  unchanged up to 100.0 pg/m L, w here the percent inhibition w as
96.49 ± 0 .1 2 % .

T he an tiox idan t activity  against DPPH radical o f  Trolox® reached a plateau at 
low er concentration  than that o f  p. em blica  extracts. It exhibited  the increase in 
percent D PPH  radical scavenging activity  to 93.91±  0 .25%  at 7.50 pg/m L  and the 
inhibition rem ained unaffected by the increase in concentration  to 100.0 Pg/m L, w ith 
the values in the range o f  95.48-96.77% .

O n the o ther hand, 1-ascorbic acid and EG CG  reached a plateau o f  scavenging 
activity  at low er concentration  (5.0 pg/m L) than o ther antioxidants, w ith the 
inhibition values o f  95.38 ± 0 .25%  and 94.00 ±  0.21% , respectively. W hen the 
concentration  w as increased to 100.0 pg/m L, the inhibition did not notably increase 
w ith the values in the range o f  96 .52-96.80%  and 94.00-94.15% , respectively. The 
raw  data for percent D PPH  radical inhibition are provided in A ppendix  A.

A dditionally , the DPPH radical inhibition profiles o f  the sam e solvent extract 
including acetone (direct) com pared with acetone (successive) and ethanol (direct) 
com pared w ith ethanol (successive) w ere nearly identical. T his could be due to the 
presence o f  sim ilar m ajor com ponents that m ight have been extracted  by the sam e 
solvent, thereby  m aking the extracts possessing sim ilar D PPH  scavenging  activity. In 
addition, the o ther com ponents that m ight have been co-extracted  (the contam inating 
substances) m ay have a little scavenging effect on DPPH.



Table 10. DPPH radical inhibition of various solvent extracts of p. emblica compared to other antioxidants at different concentrations 
(Mean ± SD, ท= 3).

No Cone. Spray-dried 
p. em b lic a

Ethyl
acetate

Acetone
(successive)

Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
p. em b lic a

Trolox® 1-ascorbic
acid

EGCG

(Hg/mL) %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.50 4.28 0.13 5.01 0.33 4.48 0.17 5.72 1.16 6.28 0.25 5.99 0.33 3.69 0.14 6.95 0.25 9.17 0.21 17.49 1.18
3 1.00 8.33 0.36 9.44 0.43 9.75 1.18 10.78 0.65 11.63 0.25 11.84 0.22 7.05 0.14 12.97 0.12 19.83 0.21 33.83 0.37
4 2.50 21.73 0.23 21.17 0.33 27.39 0.17 28.27 1.13 28.34 0.45 29.61 0.22 18.75 0.42 34.34 0.66 52.88 0.64 77.87 0.33
5 5.00 41.20 0.75 36.77 0.69 49.71 1.34 56.54 0.99 53.68 0.12 53.29 0.58 38.22 0.48 72.19 0.33 95.38 0.25 94.00 0.21
6 7.50 57.71 0.23 48.78 0.12 66.37 1.78 71.49 1.50 75.02 0.65 71.49 0.76 53.85 0.64 93.91 0.25 96.52 0.12 94.15 0.12
7 10.00 68.93 0.47 57.51 0.64 74.95 1.88 82.84 0.65 88.65 0.74 81.51 0.46 65.54 0.69 95.48 0.00 96.66 0.12 93.65 0.49
8 20.00 92.45 0.59 77.54 0.45 92.69 0.77 95.26 0.14 95.72 0.00 95.54 0.13 92.71 0.14 96.34 0.00 96.73 0.12 93.93 0.25
9 50.00 93.69 0.47 95.06 0.21 95.42 0.17 95.92 0.14 96.22 0.12 95.98 0.13 94.47 0.00 96.70 0.12 96.80 0.00 93.93 0.25
10 100.00 91.28 0.59 96.49 0.12 95.03 0.51 94.61 0.00 96.29 0.12 95.91 0.13 93.43 0.28 96.77 0.00 96.80 0.00 94.00 0.37
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Spray dried P. em blica Commercial p. emblica

Acetone (successive) extract of p. emblica

concentration (ftg/mL)

Acetone (direct) extract of p. emblica

concentration (ng/mL)

Ethanol (successive) extract of p. emblica Ethanol (direct) extract of p. emblica

Ethyl acetate extract of p. emblica

concentration (ng/mL)

Figure 20. Relationship between percent DPPH radical inhibition and the 
concentration of the individual antioxidants (Mean ± SD, ท = 3).



116

100

1-ascorbic acid

๐
1  ชบ 
•f= A C \ !

20 .

0 4
c 20 40 60 80 100 

concentration (ng/mL)

100

Trolox

c๐
£
1

0 i
c 20 40 60 80 100 

concentration (fig/mL)

EGCG

100 ; ------------- ♦ ---------------------- ,
«ก /

.1

1  20 i►
ไ]

20 40 60 80 100 
concentration (jig/niL)

Figure 20 (cont.). Relationship between percent DPPH radical inhibition and the 
concentration of the individual antioxidants (Mean ± SD, ท = 3).

The concentration at 50% inhibition (IC50) of each sample was calculated from 
the equation of the partial polynomial plot and given in Figure 21 and Table 11. The 
estimated IC50 can be ranked from the lowest to highest, as follows: EGCG (1.52 
pg/mL ± 0.02), 1-ascorbic acid (2.37 Pg/mL ± 0.03), Trolox® (3.57 pg/mL ± 0.03), 
acetone (direct) extract (4.43 Pg/mL ± 0.07), ethanol (direct) extract (4.62 Pg/mL ± 
0.03), ethanol (successive) extract (4.63 pg/mL ± 0.02), acetone (successive) extract 
(5.00 Pg/mL ± 0.15), spray-dried p. emblica (6.29 pg/mL ± 0.07), commercial p. 
emblica (6.87 pg/mL ± 0.06), ethyl acetate extract (7.74 Pg/mL ± 0.11). Since the 
lower IC50 values give the greater scavenging potency of the antioxidant, therefore, 
EGCG presented the highest DPPH radical scavenging activity, followed by 1- 
ascorbic acid and Trolox®. This result has also been observed by Gerhauser et al. 
(2003) who reported that the IC50 for DPPH scavenging activity of EGCG (3.4 pM) < 
1-ascorbic acid (8.5 pM) < Trolox® (9.7 pM), similar to the ranking of the data from 
this study (IC50 of EGCG = 3.3 pM, 1-ascorbic acid = 13.5 pM, Trolox® = 14.3 pM).
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Figure 21. The relation o f  the %DPPH inhibition-concentration profile o f  the individual antioxidants. The polynom ial regression equation
for determining the IC50  and the regression coefficient (R2) are also provided for the individual antioxidants.
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Figure 21 (cont). The relation o f  the %DPPH inhibition-concentration profile o f  the individual antioxidants. The polynom ial regression
equation for determining the IC50 and the regression coefficient (R2) are also provided for the individual antioxidants.
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Figure 21 (cont). The relation o f  the %DPPH inhibition-concentration profile o f  the individual antioxidants. The polynomial regression
equation for determining the IC50  and the regression coefficient (R2) are also provided for the individual antioxidants.
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Table 11. The IC50 values for DPPH radical scavenging activity of each antioxidant. 
The R2 is the regression coefficient obtained from polynomial regression of the rising 
portion of the plot between the inhibition percentage and the concentration of each 
antioxidant (Mean ± SD, ท = 3).

Sample Polynomial equation (partial)
IC50(pg/mL)

Mean
(pg/mL)

SD R‘ Mean SD

EGCG 1.49 1.52 0.02 0.9998 0.9999 0.00
1.54 0.9998
1.52 1.0000

1-ascorbic acid 2.34 2.37 0.03 0.9999 0.9999 0.00
2.37 0.9998
2.40 0.9999

Trolox* 3 53 3.57 0.03 0.9999 0.9999 0.00
3.59 0.9999
3.59 1.0000

Acetone 4.35 4.43 0.07 0.9993 0.9993 0.00
(direct) 4.48 0.9993

4.45 0.9993
Ethanol 4.60 4.62 0.03 0.9999 0.9999 0.00
(direct) 4.60 0.9999

4.65 0.9999
Ethanol 4.65 4.63 0.02 0.9998 0.9999 0.00
(successive) 4.62 1.0000

4.61 1.0000
Acetone 4.85 5.00 0.15 0.9999 0.9996 0.00
(successive) 5.14 0.9998

5.01 0.9991
Spray-dried 6.20 6.29 0.07 0.9997 0.9998 0.00
p. emblica 6.34 0.9999

6.32 0.9999
Commercial 6.91 6.87 0.06 0.9998 0.9996 0.00
p. emblica 6.90 0.9992

6.81 0.9999
Ethyl acetate 7.61 7.74 0.11 0.9995 0.9997 0.00

7.79 1.0000
7.81 0.9996
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From Figure 22, it can be seen that the DPPH scavenging activity of the 
acetone (direct) and the ethanol (direct and successive) were quite comparable in 
terms of their IC50 and that they apparently had greater activity than the spray-dried 
and the commercial p. emblica extracts as well as the ethyl acetate extract, which 
showed the least activity (highest IC50). However, their activity was still less than 
Trolox®, 1-ascorbic acid and EGCG.

Figure 22. The IC50 (pg/mL) of each antioxidant for DPPH radical inhibition (Mean ± 
SD, ท = 3).

Figure 22 also shows that EGCG give the lowest IC50 and thus possesses the 
strongest DPPH scavenging activity. L-ascorbic acid and Trolox® produce slightly 
higher IC50 values than EGCG, the IC50 being 1.56 and 2.35 folds higher than EGCG, 
respectively. Acetone (direct), ethanol (direct), ethanol (successive) and acetone 
(successive) extracts provided the nearly identical IC50 values, which are 2.91, 3.04,
3.05 and 3.29 times higher than EGCG. Their IC50 values are also higher than Trolox® 
and 1-ascorbic acid. The IC50 of the spray-dried p. emblica is a little lower than that of 
the commercial p. emblica extract indicating that the locally grown fruits and their 
locally produced, spray-dried crude extract of the fruit juice is as effective as the
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commercial extract in terms of DPPH scavenging activity, which were 4.14 and 4.52 
times higher than EGCG, respectively. On the other hand, the IC50 value of ethyl 
acetate extract exhibited the highest value which was 5.09 folds higher than EGCG, 
indicating its weakest DPPH scavenging activity among the samples tested.

The IC50 data were subsequently analyzed by one-way analysis of variance 
(ANOVA) at 95% confidence followed by Tukey’s test. It was found that there were 
significant differences among the antioxidants studies (P < 0.05). According to 
Tukey’s test, the antioxidants could be divided into 9 different groups (P < 0.05) 
regarding their ability to inhibit or scavenge DPPH radicals. The IC50 ranking is as 
follows:

EGCG < 1-ascorbic acid < Trolox® <
1.52 2.37 3.57 pg/mL
acetone (direct) extract ~ ethanol (direct) extract ~ ethanol (successive) extract <
4.43 4.62 4.63 Pg/mL
acetone (successive)< spray-dried p. emblica < commercial p. emblica < ethyl acetate
5.00 6.29 6.87 7.74 pg/mL

The antioxidants joined by the same underline are within the same group and 
not statistically different in terms of their DPPH inhibition (P > 0.05). Thus, both 
direct and successive ethanol extracts of p. emblica provided the similar DPPH 
radical scavenging activity (H-donating property), whereas the acetone extracts of p. 
emblica exhibited significant difference between direct and successive processes. 
Although the statistical ranking showed that the IC50 of acetone (direct) was 
significant less than that of its successive counterpart, the difference was actually not 
much (4.43 versus 5.00 pg/mL) in terms of numerical values. Additionally, the DPPH 
radical scavenging activity of the ethanol (direct) extract exhibited no significant 
difference from the acetone (direct) extract. The overlapping activity of the ethanol 
(direct) extract indicated that both the ethanol extracts provided somewhat similar H- 
donating property on DPPH radical to the acetone (direct) solvent extract. The 
statistical results of the individual antioxidants against DPPH radical are shown in 
Appendix A. However, considering the graphical comparison among all test samples
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in F igure 22, the four ex tracts (acetone (direct), acetone (successive), ethanol (direct) 
and ethanol (successive) extracts can be v isually  regarded as having relatively  sim ilar 
D PPH  scavenging  activity.

For the com parison  w ith the com m ercial p. em blica  extract, all o f  the various 
p. em blica  ex tracts obtained here gave h igher D PPH  scavenging  activ ity  (low er IC 50 

values) than the com m ercial p. em blica  product, except the ethyl acetate extract 
w hich provided the  low est potency. The locally obtained spray-dried  pow der o f  p. 
em blica  w as significantly  m ore active than the com m ercial p. em blica  ex tract as seen 
from  the significantly  low er IC 50 value (P <  0.05). This m ay be due to  the physical 
and chem ical p roperties o f  the m aterials.

M ahattanapokai (2004) also evaluated the antiox idan t o f  p. em blica  ethyl 
acetate ex tract using the sam e DPPH test. She reported the IC 50 o f  the ethyl acetate 
ex tract in scavenging the D PPH  radical to be 2.07 pg/m L , w hich  is sm aller than the 
value ob tained  here (7.74 pg/m L ). H ow ever, extraction  procedure w as also different. 
In M ahattanapokai’ร study the w hole dried fruits w ere ground and first extracted in 
Soxhlet w ith hexane. A fter hexane extraction, the pow der w as further extracted  with 
ethyl acetate  to  obtain the ethyl acetate extract. In our study, the aqueous fruit ju ice  
w as spray-dried  and directly  extracted w ith ethyl acetate. It is possib le  that different 
sources and part o f  the starting raw m aterials contributed  to the antiox idan t activity 
due to  d ifferences in the type and am ount o f  active constituen ts present in each
extract.
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2.2 H yd roxyl rad ical scavenging activity

A ntiox idan ts that are able to  protect lipids against free radical chain 
reactions o f  perox idation  can be evaluated by the ir ability  to  p reven t dam age o f  
carbohydrates using  2-deoxy-D -ribose as a  substrate  (Li and X ie, 2000). B ecause 
deoxyribose is a D N A  sugar, the scavenging effect o f  an an tiox idan t on hydroxyl 
rad ical-m ediated  degradation  o f  D N A  can thus be evaluated  using  th is sugar also.

T he effect o f  various solvent ex tracts o f  p. em blica  on the inhibition o f  
free rad ical-m ediated  D N A -sugar dam age w as assessed by deoxyribose m ethod 
(H alliw ell et al., 1987). A m ong the oxygen radicals, hydroxyl radical is the m ost 
reactive and induces severe dam ages to  the adjacent b io-m olecules. T he scavenging 
effect aga inst hydroxyl radical w as investigated by using  the Fenton reaction 
(Sakanaka et al., 2005). T he F enton reaction generates hydroxyl rad icals (O H  ) w hich 
degrade D N A  deoxyribose, using Fe2+ salts as an im portant cataly tic  com ponent. 
O xygen rad icals m ay  a ttack  D N A  either at the sugar or the  base, giv ing rise to a large 
num ber o f  p roducts. A ttack  at a sugar u ltim ately  leads to  sugar fragm entation , base 
loss and strand break w ith a term inal fragm ent sugar residue. A ddition  o f  low 
concentra tions o f  transition  m etal ions such as iron to  D N A  causes degradation  o f  the 
sugar into m alondialdehyde and other related com pounds w hich  form  a  chrom ogen 
w ith th iobarb itu ric  acid (TB A ), into a th iobarbituric  acid reactive substance (TBA RS) 
(D esm archelier et al., 1997).

F igure 23 dep icts the  hydroxyl radical scavenging percen tage o f  various 
solvent ex trac ts o f  p . em blica  com pared w ith the com m ercial p . em blica  ex tract and 
o ther an tiox idan ts by observing changes in the absorbance o f  p ink chrom ogen  at 532 
nm . T h is resu lt show s tha t the presence o f  h igher concentra tions o f  all test sam ples in 
the reaction  m ix ture prevented  the oxidation  o f  deoxyribose (D N A -sugar). As 
presented  in T ab le  12, it w as found that as the concentration  w as increased, the extent 
o f  hydroxyl rad ical scavenging activ ity  also  increased for all antioxidants. T he percent 
hydroxyl rad ical inhibition  o f  the acetone (successive) ex tract indicated the highest 
potency, w ith  the inhibition  extent increasing to  92.44 ±  0.38 %  at 2.0 m g/m L 
concentration , w hereas the  acetone (direct) ex tract and the spray-dried  pow der gave 
slightly  low er ex ten t (90.74 ะเะ 0.56 %  and 89.35 ±  0.79 %  at 3.0 m g/m L , respectively). 
O ther so lven t ex tracts o f  p . em blica  including the e thanol (successive), ethanol
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(direct) and ethyl acetate extracts did not exhibit high hydroxyl radical scavenging 
activity. A t 3.0 m g/m L  concentration , their inhibition percentages w ere 66.06 ±  0.73 
%, 50.29 ะเะ 0.25 %  and 52.94 ±  0.80 %, respectively.

E thyl acetate  extract gave the low est inh ibition-concentration  profile 
com pared  w ith  all o ther antioxidants, indicating the low est preventive effect on the 
deoxyribose degradation  (F igure 23).

Trolox®, or the w ater soluble form  o f  a -tocophero l, show ed the highest 
hydroxyl radical scavenging o f  68.53 ±  0.67 %  at 2.0 m g/m L. M axim al concentration 
o f  Trolox® w as lim ited by its solubility  in phosphate buffer (pH  7.4). Thus, the extent 
o f  hydroxyl radical inhibition for Trolox® could not be assessed at higher 
concentrations.

L ikew ise, the m axim al concentration o f  EG C G  w as also  lim ited by its 
so lubility  in phosphate buffer (pH 7.4). The percent hydroxyl radical inhibition o f  
E G C G  increased to  72.55 ±  0.54 %  at 2.0 m g/m L the h ighest concentration  studied.

For com parison  at 2.0 m g/m L w hich is the h ighest m easurable 
concentration  for all test sam ples, the acetone (successive) ex tract show ed the highest 
percent inhibition  (92.44 ±  0.38% ). This w as follow ed by EG C G  (72.55 ±  0.54% ), 
spray-dried  pow der (70.89 ±  0.73% ), Trolox® (68.53 ±  0 .67% ) and the acetone 
(direct) ex tract (62.15 ±  0.65% ) w hich w as slightly h igher than  the com m ercial p. 
em blica  ex tract (61.77 ±  1.79%). Both o f  the acetone (d irect) and com m ercial extracts 
show ed higher an tiox idan t effect than the ethanol (successive), ethanol (direct) and 
the ethyl acetate  extracts w hich gave 52.00 ±  0.32% , 41.72 ะ!ะ 0 .25%  and 32.67 ± 
0 .34%  hydroxyl radical inhibition, respectively, at the 2.0 m g/m L  concentration.

In th is system , addition o f  ascorbic acid greatly  increased the rate o f  O H  
generation  by reducing iron and m aintaining a supply o f  Fe2+ (Li and Xie, 2000). 
T herefore, the hydroxyl radical scavenging activ ity  o f  1-ascorbic acid could not be 
assessed under th is experim ental condition.

T he relationsh ip  betw een the percentages o f  hydroxyl radical inhibition 
and the concen tra tion  o f  the individual antioxidants is show n in F igure 24. T he plots 
indicated that all the antioxidants gave a hydroxyl radical scavenging activ ity  in a 
dose-dependent m anner. Sim ilar dose-dependent re la tionsh ips betw een plant 
phenolics and the ir hydroxyl radical scavenging activ ity  have been reported in the
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studies o f  L aughton et al., (1989), D esm archelier et al., (1997) and H agerm an et al., 
(1998). H ow ever, the successive ex tract appeared to  show  higher potency on hydroxyl 
radical scavenging than  the d irect extract. It is possible that the  successive extraction  
process m ight be able to give h igher contents o f  the active com pounds and less 
occurrence o f  o ther con tam inating  co-extracted  m aterials than  the d irect extraction 
process. T he raw  data for hydroxyl radical inhibition percentages are provided in 
A ppendix  B.

Hydroxyl scavenging activity

concentration (mg/mL)

-A— Acetone (successive) — X— Trolox -  - • -  - spray -dried P. emblica
-o—  EGCG ----- 1-----Acetone (direct) — ——  commercial P. emblica
-X-------Ethanol (success ive ) --------• —  Ethanol (direct) — A ------- Ethyl acetate

Figure 23. The extent o f  hydroxyl radical inhibition o f  various solvent ex tracts o f  p. 
em blica  in com parison w ith o ther antiox idan ts at d ifferent concentrations (M ean ± 
SD, ท =  3).

A fter the plots o f  %  hydroxyl radical inhibition versus concentration  w ere 
constructed  for each antioxidant, their IC 50 value w as calculated  from  the equation o f
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the partial po lynom ial regression o f  each curve as show n in F igure 25 and T able 13. 
The estim ated IC50 (m g/m L) can be ranked from  the low est to h ighest as follows: 
acetone (successive) extract (0.88 ±  0.01), Trolox® (0.92 ±  0.03), spray-dried p. 
em blica  (1 .12 ±  0.03), EG C G  (1.19 ±  0.01), com m ercial p. em blica  ex tract (1.62 ± 
0.05), acetone (direct) extract (1.67 ±  0.02), ethanol (successive) ex tract (1 .79 ±  0.03), 
ethyl acetate  ex tract (2.88 ±  0.03) and ethanol (direct) ex tract (2 .97 ±  0.03).



T able  12. H ydroxyl rad ical inh ib ition  o f  various so lven t ex tracts o f  p . em blica  com pared  to  o ther an tiox idan ts at d ifferen t concentra tions 
(M ean ±  SD, ท=  3).

No Concentration Spray dried 
p .  e m b l ic a

Ethyl
acetate

Acetone
(successive)

Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
p . e m b lic a

T ro lox* EGCG

(mg/mL) %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD %inh SD
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.10 1.59 0.79 -4.49 0.64 4.35 0.74 0.31 0.59 3.23 0.56 4.12 0.44 0.46 0.48 11.51 0.64 5.08 0.11
3 0.30 13.83 0.63 0.73 0.57 18.41 0.25 8.83 0.56 11.67 0.21 14.13 0.53 7.08 0.74 25.38 0.76 23.73 0.11
4 0.50 26.69 1.25 5.28 0.23 31.64 0.28 18.40 0.21 21.01 0.24 21.36 0.39 14.77 1.07 35.62 0.89 33.46 0.00
5 0.75 - - - - - - - - - - - - - - 43.91 1.02 - -
6 1.00 45.37 0.79 15.12 0.46 54.15 0.49 31.90 0.37 35.84 0.49 32.46 0.39 27.69 0.48 52.79 1.16 45.79 0.11
7 1.50 61.34 0.98 25.87 0.46 69.52 0.38 44.48 0.53 45.89 0.32 37.85 0.81 45.00 1.54 62.86 0.53 56.20 0.39
8 2.00 70.89 0.73 32.67 0.34 92.44 0.38 62.15 0.65 52.00 0.32 41.72 0.25 61.77 1.79 68.53 0.67 72.55 0.54
9 3.00 89.35 0.79 52.94 0.80 * * 90.74 0.56 66.06 0.73 50.29 0.25 80.77 0.74 ** ** ** **

* could no t be accurately  d e tec ted  due to  possib le in terference from  the d irect in teraction  betw een  F e3+ and phenolic  com ponents in the 
extract at high concen tra tion
** could not d issolve in p hospha te  buffer at 3m g/m L  final concentration

K>
bo
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Figure 24. R elationsh ip  betw een hydroxyl radical inh ibition  ex ten t and concen tra tion  o f  an tiox idan ts (M ean ±  SD, ท = 3).
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Figure 25. The re la tion  o f  the  % hydroxyl radical inh ib ition-concen tra tion  profile  o f  the individual antiox idan ts. T he po lynom ial regression 
equation  for determ in ing  the  IC50 and the regression  coeffic ien t (R 2) are also  provided for the individual antioxidants. น)©
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Figure 25 (cont). The relation o f  the % hydroxyl radical inhibition-concentration profile o f  the individual antioxidants. The polynom ial 
regression equation for determining the IC50 and the regression coefficient (R2) are also provided for the individual antioxidants.
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Figure 25 (cont). The relation o f  the % hydroxyl radical inhibition-concentration profile o f  the individual antioxidants. The polynomial 
regression equation for determining the IC50 and the regression coefficient (R2) are also provided for the individual antioxidants.
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Table 13. The IC50 value for hydroxyl radical scavenging activity o f  each antioxidant. 
The R2 is the regression coefficient obtained from polynomial regression o f  the partial 
o f  the plot between the inhibition percentage and the concentration o f  each 
antioxidant (M ean ±  SD, ท = 3).

Sample Polynomial equation (partial)
IC50

(mg/mL)
Mean SD R2 Mean SD

Acetone 0.88 0.88 0.01 0.9994 0.9995 0.00
(successive) 0.89 0.9995

0.89 0.9995
Trolox® 0.90 0.92 0.03 1.0000 1.0000 0.00

0.92 1.0000
0.96 1.0000

Spray-dried 1.09 1.12 0.03 0.9989 0.9994 0.00
p .  e m b l i c a 1.14 0.9995

1.14 0.9997
EGCG 1.18 1.19 0.01 1.0000 1.0000 0.00

1.19 1.0000
1.20 1.0000

Commercial 1.57 1.62 0.05 0.9991 0.9990 0.00
p .  e m b l i c a 1.64 0.9992

1.67 0.9988
Acetone 1.66 1.67 0.02 1.0000 1.0000 0.00
(direct) 1.67 1.0000

1.69 1.0000
Ethanol 1.76 1.79 0.03 0.9999 0.9999 0.00
(successive) 1.79 0.9997

1.82 1.0000
Ethyl acetate 2.85 2.88 0.03 1.0000 1.0000 0.00

2.87 1.0000
2.91 1.0000

Ethanol 2.94 2.97 0.03 1.0000 1.0000 0.00
(direct) 2.97 1.0000

3.00 1.0000
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The IC50 result o f  Trolox® (3.69m M ) in this study was quite similar to the 

result reported by Chaudhuri, 2004 (2.70m M ), who also evaluated the hydroxyl 
radical scavenging activity o f  p .  e m b l i c a  water-based extract. However, he reported 
the IC50 o f  this extract in the unit o f  mM (0.92m M ), which can not be compared to the 
value obtained here (mg/mL). Since the lower IC50 values indicate greater inhibitory 
potency o f  the antioxidant, therefore, the relative hydroxyl radical scavenging activity 
o f  all test sam ples decreased in the follow ing order: acetone (successive) extract > 
Trolox® > spray-dried p .  e m b l i c a  >  EGCG > commercial p .  e m b l i c a  > acetone 
(direct) extract >  ethanol (successive) extract >  ethyl acetate extract > ethanol (direct) 
extract. A s these results, acetone (successive) extract had the highest hydroxyl radical 
(OH') scavenging activity when compared to all other antioxidants under test. The 
commercial p .  e m b l i c a  exhibited lower hydroxyl radical scavenging activity than the 
acetone (successive) extract, Trolox®, spray-dried p .  e m b l i c a  and EGCG, 
respectively, but gave higher activity than the acetone (direct) extract, ethanol 
(successive) extract, ethyl acetate extract and ethanol (direct) extract. The extraction 
process appeared to have an influence on the hydroxyl radical scavenging activity. 
The successive extract showed higher inhibition effect on OH' radical compared with 
the direct extract. The IC50 (mg/mL) profile o f  each antioxidant for hydroxyl radical 
(OH') inhibition is shown in Figure 26.
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Figure 26. The IC50 (mg/mL) o f  each antioxidant for hydroxyl radical inhibition 
(Mean ±  SD, ท = 3).

A s presented in Figure 26, the ethanol (direct) extract and ethyl acetate extract 
exhibited higher IC50 values than the ethanol (successive) extract, acetone (direct) 
extract and commercial p .  e m b l i c a ,  which, in turn, were greater than EGCG, spray- 
dried p .  e m b l i c a , Trolox®, and acetone (successive) extract, respectively. It can be 
seen that acetone (successive) extract gave the lowest IC50 and thus possessed the 
strongest hydroxyl radical (OH') scavenging activity. Trolox® provided similar IC50 to 
the acetone (successive) extract with the value only 1.05 folds that o f  the acetone 
(successive) extract. The IC50 value o f  the spray-dried p .  e m b l i c a  was also close to 
that o f  EGCG, which were 1.27 and 1.35 times that o f  acetone (successive) extract, 
respectively. Commercial p .  e m b l i c a  extract, acetone (direct) and ethanol (successive) 
extracts gave the IC50 values which were 1.84, 1.90 and 2.03 tim es that o f  the acetone 
(successive) extract, respectively. The ethyl acetate extract gave a higher IC50 than the 
ethanol (successive) extract, its value being 3.27 times that o f  the acetone (successive) 
extract. The ethanol (direct) extract, on the other hand, provided the highest IC50 value
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which was 3.38 tim es that o f  the acetone (successive) extract, indicating that it was 
the least potent hydroxyl radical scavenger.

The IC50 data were then analyzed by one-way analysis o f  variance (ANO V A) 
at 95% confidence follow ed by Tukey’s test. Significant differences were found 
among the antioxidants studied (P < 0.05). According to the subsequent Tukey’s test, 
these antioxidants could be divided into 6  different groups (P < 0.05) regarding their 
ability to inhibit or scavenge the hydroxyl radical. The IC50 ranking is as follows:

acetone (successive) extract ~  Trolox® < spray-dried p .  e m b l i c a  ~  EGCG <
0.88 0.92 1.12 1.19 mg/mL

commercial p .  e m b l i c a  ~  acetone (direct) extract <  ethanol (successive) extract <
1.62 1.67 1.79 mg/mL

ethyl acetate extract <  ethanol (direct) extract 
2.88 2.97 mg/mL

The antioxidants joined by the same underline are within the same group and 
not statistically different in terms o f  their hydroxyl radical inhibition (P > 0.05). Thus, 
both the acetone (successive) extract o f  p .  e m b l i c a  and Trolox® demonstrated the 
highest potency o f  hydroxyl radical inhibition with the sm allest IC50 values. Their 
potency was significantly greater than the group o f  spray-dried p .  e m b l i c a  and EGCG 
which, in turn, was more potent than the group o f  commercial p .  e m b l i c a  extract and 
acetone (direct) extract. The ethanol (successive and direct) and the ethyl acetate 
extracts constituted the next three groups having even lower activity. Although the 
ethanol (direct) extract was shown to give the highest IC50 values indicating its lowest 
activity in scavenging OH' radical in term o f  concentration o f  50% inhibition, in 
considering the hydroxyl radical inhibition profiles o f  test samples, the ethyl acetate 
extract still provided the lowest inhibition concentration profile. The results obtained 
here can be concluded that ethyl acetate extract exhibited the lowest antioxidant 
activities against DPPH and hydroxyl radicals compared to all other antioxidants. 
The statistical results o f  the individual antioxidants against the hydroxyl radical are 
shown in Appendix B.
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2.3 P ro-ox id an t activ ity
The pro-oxidant activity is a result of the ability to reduce metals, such as Fe3+, 

to forms ion that react with O2 or H2O2 generated the initiators of oxidation (Yen et 
al., 1997). Modification of deoxyribose method was made to evaluate the pro-oxidant 
activity by omitting ascorbic acid. Ascorbic acid acts as a pro-oxidant in this method 
via reducing properties, it generates an oxidative potential in the presence of 
transitional metal ions such as Fe3+ and Cu2+. The reduction of Fe3+ to more reactive 
Fe2+ salts gave greater rate of OH' generation (Laughton et al., 1989) which has a very 
high oxidative potential (Majd, Goldberg, and Stanislawski, 2003), leading to increase 
deoxyribose degradation. Therefore, compounds that can reduce transition metals to 
promote OH' generation, show the pro-oxidant activity in this simple model system 
which consists of deoxyribose, Fe3+-EDTA and H2O2. This model can be used to 
assess whether an antioxidant, or any compound, also possesses a concomitant pro
oxidant property.

The effects of spray-dried and various solvent extracts of p. emblica on the 
oxidative damage of deoxyribose was evaluated in comparison with the commercial 
p. emblica extract, Trolox® and EGCG by observing an increase in the formation of 
pink chromogen over the ascorbic acid-free controls at 532 nm. The ascorbic acid (0.1 
mM) was also used as a reference pro-oxidant. The relationship between the 
absorbance and the concentration of the individual test samples are shown in Figures 
27 (above), 28 and Table 14.

It was found that an increase in the absorbance (production of the deoxyribose 
fragments) was observed for all of the test samples at lower concentrations. However, 
at higher concentration the deoxyribose degradation decreased. This may be due to 
the predominance of the hydroxyl radical scavenging activity associated with the 
higher contents of the test samples in a dose-dependent manner.

At 1.00 mg/mL, acetone (successive) extract exhibited the average absorbance 
of 0.282 ± 0.002, which was slightly higher than the ascorbic acid-free control (0.274 
ะ!: 0.001). However, at the higher concentration range of 1.50-3.00 mg/mL, acetone 
(successive) extract exhibited lower absorbance than the ascorbic acid-free control, 
indicating lower deoxyribose degradation.
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Likewise, the data showed that the absorbances of the spray-dried p. emblica, 
acetone (direct) extract and EGCG at 1.00 mg/mL concentration were higher than 
ascorbic acid-free control. However, they gradually decreased to 2.81 ± 0.005, 0.203 
± 0.001 and 0.153 ± 0.003, respectively at 3.00 mg/mL. This result suggested the pro
oxidant effect on deoxyribose degradation at the concentration below 2.00 mg/mL. As 
presented in Figure 27 and Table 14, although EGCG exhibited the lowest absorbance 
at concentration of 3.00 mg/mL compared with the spray-dried p. emblica and 
acetone (direct) extracts, but at lower concentrations (1-2 mg/mL) EGCG was able to 
provide the powerful pro-oxidant activity as seen in the higher absorbance values 
when compared with its ascorbic acid-free control.

The ethyl acetate, ethanol (successive), ethanol (direct) and commercial p. 
emblica extracts also showed a marked increase in absorbance at lower concentration 
range (1-2 mg/mL) but at the highest concentration studied (3 mg/mL), a decrease in 
absorbance was observed, with the values of 0.429 ± 0.001, 0.316 ± 0.004, 0.334 ± 
0.001 and 0.379 ± 0.005, respectively. However, their absorbance values at this 
concentration were still higher than their corresponding ascorbic acid-free control. 
Therefore, these three extracts of p. emblica and the commercial p. emblica extract 
promoted the deoxyribose degradation in all of the experimental concentrations. 
Figure 27 also suggested that the ethyl acetate extract exhibited the highest pro
oxidant activity followed by the commercial p. emblica, ethanol (direct) and ethanol 
(successive) extracts, respectively.

As displayed in Figure 28 and Table 14, Trolox® presented lower absorbance 
in the range of 0.75-2.00 mg/mL compared with its ascorbic acid-free control. 
However, Trolox® clearly exhibited pro-oxidant activity with higher absorbance at the 
lower concentration range of 0.05-0.50 mg/mL (200 pM-2 mM). This range of 
concentration is in agreement with a previous study by Mayo et al. (2003), which 
reported the pro-oxidant effect of Trolox® in the range of 250pM-4mM. The result 
indicated that Trolox® exhibited pro-oxidant activity at lower concentration range 
than the p. emblica extracts and other antioxidants. The raw data for absorbance of 
each test sample in the pro-oxidant test using 1-ascorbic acid as a reference standard 
are provided in Appendix c.



139

Figure 27. The extent of pro-oxidant activity of various solvent extracts of p. emblica 
in comparison with other antioxidants at different concentrations (Mean ± SD, ท = 3).
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Figure 28 (cont.). Relationship between the absorbance at 532 nm (pro-oxidant effect) and the concentration of the individual antioxidants 
(Mean ± SD, ท = 3).



Table 14. The absorbance and normalized pro-oxidant activity relative to the ascorbic acid-free control (0 mg/mL sample) of various 
solvent extracts of p. emblica and other antioxidants at different concentrations, in comparison with ascorbic acid reference standard 
(Mean ± SD, ท = 3).

Test sample Spray-dried 
p .  e m b l i c a

Ethyl acetate Acetone
(successive)

Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
P .  e m b l i c a

EGCG Trolox®

mg/mL Abs 
±  SD

fold
over
(C)

Abs 
± SD

fold
over
(C)

Abs 
±  SD

fold
over
(C)

Abs 
± SD

fold
over
( ๑

Abs 
±  SD

fold
over
( ๑

Abs 
±  SD

fold
over
(C)

Abs 
± SD

fold
over
( ๑

Abs 
± SD

fold
over
(C)

Abs
±S D

fold
over
( ๑

Control ( c ) 
0.00

0.283
±0.005 1.00 0.288

±0.001 1.00 0.274
±0.001 1.00 0.268 

± 0.002 1.00 0.273 
± 0.002 1.00 0.238 

± 0.003 1.00 0.333 
± 0.004 1.00 0.300 

± 0.001 1.00 0.287
±0.001 1.00

0.05 NA - NA - NA - NA - NA - NA - NA - NA - 0.326
±0.003 1.14

0.10 NA - NA - NA - NA - NA - NA - NA - NA - 0.342
±0.005 1.19

0.30 NA - NA - NA - NA - NA - NA - NA - NA - 0.306
±0.004 1.07

0.50 NA - NA - NA - NA - NA - NA - NA - NA - 0.294
±0.003 1.02

0.75 NA - NA - NA - NA - NA - NA - NA - NA - 0.282
±0.004 0.98

1.00 0.363
±0.004 1.28 0.567

±0.002 1.97 0.282 
± 0.002 1.03 0.366 

± 0.003 1.37 0.347
±0.003 1.27 0.336

±0.003 1.41 0.522
±0.002 1.57 0.498

±0.001 1.66 0.271
±0.002 0.94

1.50 0.318
±0.003 1.12 0.548 

± 0.002 1.90 0.270 
± 0.002 0.99 0.357 

± 0.004 1.33 0.344
±0.004 1.26 0.349

±0.001 1.47 0.499
±0.001 1.50 0.427

±0.001 1.42 0.251
±0.002 0.87

2.00 0.299
±0.006 1.06 0.504 

± 0.002 1.75 0.184 
± 0.004 0.67 0.283 

± 0.003 1.06 0.331
±0.002 1.21 0.342

±0.000 1.44 0.415 
± 0.002 1.25 0.353 

± 0.003 1.18 0.217
±0.001 0.76

3.00 0.281
±0.005 0.99 0.429

±0.001 1.49 0.144 
± 0.003 0.53 0.203

±0.001 0.76 0.316
±0.004 1.16 0.334

±0.001 1.40 0.379 
± 0.005 1.14 0.153 

± 0.003 0.51 NA -
ascorbic acid 

O.lmM
0.699
±0.003 2.47 0.679 

± 0.002 2.36 0.676 
± 0.005 2.47 0.713 

± 0.002 2.66 0.657
±0.001 2.41 0.549

±0.001 2.31 0.716 
± 0.003 2.15 0.714 

± 0.002 2.38 0.684
±0.003 2.38

Where; NA = not available 4̂to
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Since the absorbances of ascorbic acid-free control of each sample were not 

the same, the values of the absolute absorbance were subsequently normalized to 
absorbance relative to their corresponding control as shown in Figure 27 (below) and 
Table 14. Comparative pro-oxidant potency was made among different p. emblica 
extracts, and other test samples in terms of their increases in absorbance fold over 
their respective ascorbic acid-free controls.

At concentration of 1.00 mg/mL, except Trolox®, all of test samples exhibited 
absorbance fold over their corresponding controls that demonstrated pro-oxidant 
activity. At this concentration, acetone (successive) extract showed the lowest pro
oxidant activity with the absorbance 1.03 times that of its ascorbic acid-free control, 
whereas the absorbances of the spray-dried p. emblica, acetone (direct) extract and 
EGCG at 1.00 mg/mL were 1.28, 1.37 and 1.66 times their corresponding controls. 
However, the ethyl acetate, ethanol (successive), ethanol (direct) and commercial p. 
emblica extracts exhibited the pro-oxidant activity at all concentrations studied, 
showing absorbance at 1.00 mg/mL 1.97, 1.27, 1.41 and 1.57 times that of their 
ascorbic acid-free controls, as presented in Table 14. At 1.00 mg/mL concentration, 
the pro-oxidant activity of the test samples, relative to their corresponding controls, 
increased in the following order:

acetone (successive) extract < ethanol (successive) extract <
1.03 1.27 fold

spray-dried p. emblica < acetone (direct) extract < ethanol (direct) extract <
1.28 1.37 1.41 fold

commercial p. emblica < EGCG < ethyl acetate extract 
1.57 1.66 1.97 fold

The absorbance data were analyzed by one-way analysis of variance 
(ANOVA) at 95% confidence followed by Dunnetf ร test to compare the test samples 
with the control. The hypothesis was that any substance possessed no pro-oxidant 
activity should exhibit equal or lower absorbance when compared with the absorbance 
of its corresponding ascorbic acid-free control. Therefore, the higher the absorbance
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of the test substance over the control, the greater was its pro-oxidant effect which may 
become significant at 5% significance level.

Ho ะ the test substance was not a pro-oxidant 
absorbance < absorbance control 

Hi : the test substance was a pro-oxidant 
absorbance > absorbance control



Table 15. The absorbance and significant level of various solvent extracts of p .  e m b l i c a  and other antioxidants at different concentrations
in comparison with ascorbic acid-free control (0 mg/mL sample) and ascorbic acid reference standard (Mean ± SD, ท = 3).

Test sample Spray-dried 
p . em b lica Ethyl acetate Acetone

(successive)
Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
p . em b lica EGCG Trolox®

mg/mL Abs Sig. Abs Sig. Abs Sig. Abs Sig. Abs Sig. Abs Sig. Abs Sig. Abs Sig- Abs Sig-
± SD level ± SD level ± SD level ± SD level ± SD level ± SD level ± SD level ± SD level ±SD level

Control 0.283 0.288 0.274 0.268 0.273 0.238 0.333 0.300 0.287
0.00 ±0.005 " ± 0.001 ± 0.001 ± 0.002 ± 0.002 ± 0.003 ± 0.004 ±0.001 ±0.001
0.05 NA - NA - NA - NA - NA - NA - NA - NA - 0.326

±0.003 ร
0.10 NA - NA NA - NA NA - NA - NA - NA -

0.342
±0.005 ร

0.30 NA - NA NA - NA - NA - NA NA - NA - 0.306
±0.004 ร

0.50 NA - NA - NA - NA - NA - NA - NA - NA -
0.294
±0.003 ร

0.75 NA - NA - NA - NA - NA - NA - NA - NA -
0.282
±0.004 NS

1.00 0.363 0.567 0.282 C 0.366 C 0.347 Q 0.336 ร 0.522 ร 0.498 ร
0.271 NS±0.004 ±0.002 ±  0.002 ±  0.003 ±0.003 ±0.003 ±0.002 ±0.001 ±0.002

1.50 0.318 0.548 0.270 NS 0.357 0.344 0.349 C 0.499 Q 0.427 ร 0.251 NS±0.003 ±  0.002 O
±  0.002 ±  0.004 ±0.004 ±0.001 ±0.001 ±0.001 ±0.002

2.00 0.299 0.504 0.184 NS 0.283 0.331 0.342 C 0.415 0.353 ร 0.217 NS±0.006 ร
±  0.002 ± 0.004 ±  0.003 ±0.002 ±0.000 ±  0.002 ±  0.003 ±0.001

3.00 0.281
±0.005 NS 0.429

±0.001 ร
0.144 

±  0.003 NS 0.203
±0.001 NS 0.316

±0.004 ร
0.334
±0.001 ร

0.379 
±  0.005 ร

0.153 
± 0.003 NS NA -

ascorbic acid 0.699 0.679 0.676 0.713 C 0.657 0.549 ร 0.716 ร 0.714 ร
0.684

ร

O.lmM ±0.003 O ±0.002 ±  0.005 ±  0.002 ±0.001 ±0.001 ±  0.003 ±  0.002 ±0.003

Where; NA = not available, ร = significantly higher than ascorbic acid-free control (having pro-oxidant activity) (p < 0.05), 
NS = not significantly higher than ascorbic acid-free control (not a pro-oxidant) (p > 0.05).
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Figure 29. The absorbance of various solvent extracts of p. emblica and other antioxidants in the range of 1.00-3.00 mg/mL compared to 
their respective ascorbic acid-free controls and ascorbic acid reference standard (Mean ± SD, ท = 3).
* = significantly higher than the ascorbic acid-free control (p < 0.05) by Dunnett’s test -P»O n
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In T ab le  15 and Figure 29, it w as found that the acetone (successive) extract 

did not show  upper sign ifican t difference (P > 0.05) in absorbance from  its control in 
the range o f  1.50-3.00 m g/m L (absence o f  p ro-oxidant effect) but exhibited greater 
significan t d ifference (P < 0.05) at the low est concentration  studied o f  1.00 m g/m L 
com pared w ith  its ascorbic acid-free control (presence o f  pro-oxidant effect). This 
result indicated that the acetone (successive) ex tract presented  the pro-oxidant activity 
at 1.00 m g/m L  but at h igher concentrations it w as free from  pro-oxidant effect. It m ay 
be due to  the scavenging effect o f  its active com ponents at high concentrations. This 
resu lt agrees w ith the study o f  H agerm an et al., (1998) w ho found that plant 
po lyphenolics (tannin) w ere highly active in reducing oxidation  o f  DN A  sugar at 
h igher concentrations, but the deoxyribose degradation  increased over the control at 
low er doses suggesting  a pro-oxidant property.

For the spray-dried  p. em blica, acetone (direct) ex tract and EG CG , only at the 
concentration  o f  3.00 m g/m L that these three m aterials exhibited  no significantly 
h igher absorbance than  the ascorbic acid-free control (P > 0.05), show ing absence o f  
pro-oxidant activity , w hereas in the range o f  1.00-2.00 m g/m L  they show ed upper 
significant d ifference (P <  0.05), indication o f  the presence o f  pro-oxidant activity 
com pared w ith  their respective controls. This result indicated that the spray-dried p. 
em blica, the acetone (direct) extract and EG CG  provided the p ro-oxidant effect on the 
deoxyribose degradation  in the range o f  1.00-2.00 m g/m L  but at the highest 
concentration  studied o f  3.00 m g/m L  they becam e free from  pro-oxidant activity. The 
result o f  EG C C  w as also in agreem ent w ith Furukaw a et al. (2003), w ho postulated 
that E G C G  can act as a p ro-oxidant at a low concentration  (1-5 pM ) in the presence 
o f  H 2O 2 and  m etal ions.

E thyl acetate, ethanol (successive), ethanol (direct) and com m ercial p. em blica  
ex tracts dem onstrated  significantly  higher absorbance values than their respective 
ascorbic acid-free contro ls (P < 0.05) at all the experim ental concentrations (1.00-3.00 
m g/m L). T herefore, these three extracts and the com m ercial p . em blica  extract 
exhibited re latively  high pro-oxidant activity  in all o f  the experim ental concentrations 
studied. T he h igher absorbance com pared w ith the ascorbic acid-free control im plied 
the h igher deoxyribose degradation.
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A s presented  in Figure 29, the pro-oxidant effect o f  Trolox® could not be 

observed in the  range o f  0 .75-2.00 m g/m L. T he result show ed no upper significant 
difference (P >  0 .05) from  the ascorbic acid-free control in this concentration  range. 
H ow ever, as the concentration  w as low ered below  0.75 m g/m L, Trolox® show ed pro
oxidant effect on the  deoxyribose degradation w ith the absorbance becom ing 
significantly  h igher than the control as seen in F igure 30 (P < 0.05). Trolox® exhibited 
the pro-oxidant activ ity  at low er concentrations in the range o f  0.05-0.5 m g/m L 
(200pM -2m M ) w hich  d isplayed an upper significant d ifference (P < 0.05) com pared 
w ith ascorbic acid-free control. T he statistical results o f  the individual test sam ples for 
the p ro-oxidant test are show n in A ppendix  c.

Trolox (P ro-oxidant te s t)

<Doccd■ eรัjç<

0.700
0.6๓
0.500
0.400
0.3๓
0.2๓
0.1๓

Figure 30. T he absorbance o f  Trolox® at various concentrations (M ean ±  SD, ท =  3) 
* = significantly  greater than the ascorbic acid-free contro l (p <  0.05)

A s depicted  in F igures 29 and 30, T ables 14 and 15, ascorbic acid at the 
concentration  o f  0.1 m M  exhibited a substantial p ro-oxidant effect on the deoxyribose 
degradation  v ia reducing property to generate hydroxyl radical by Fenton reaction. It
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had been reported  that p ro-oxidant activity  o f  ascorbic acid increased in the range o f  
0 .004-0 .24 m M  and reached a m axim um  w hen the concentration  o f  ascorbic acid was 
1.65 m M  (Y en et al., 2002).

W hen com paring  am ong different p. em blica  ex tracts and com m ercial p. 
em blica  extract, the acetone (successive) extract seem ed to  be safer than o ther extracts 
o r the com m ercial p. em blica  extract because it show ed low er absorbance com pared 
w ith the  contro l (lack  o f  p ro-oxidant effect) in the w ider concentration  range (1.50-
3.00 m g/m L ) and exhibited  a  slightly higher absorbance than the contro l (m inim um  
pro-oxidant activ ity) only at the low est concentration studied o f  1.00 m g/m L (1.03 
tim es). H ow ever, the spray-dried p. em blica  and the acetone (d irect) extract showed 
the pro-oxidant property  at concentrations below  2.00 m g/m L  and their pro-oxidant 
activ ity  d isappeared  at the h igher concentration  o f  3.00 m g/m L  in the  presence o f  the 
transition  m etal. A dditionally , the ethyl acetate, ethanol (successive), ethanol (direct) 
and the com m ercial p . em blica  extract exhibited pro-oxidant effects on deoxyribose 
degradation  a t all concentrations studied but the effects also  appeared to gradually 
decrease as the concentration  w as increased.
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Part 3. Evaluation of different Phyllanthus em blica extracts for anti- 
collagenase activity

C ollagenase  is a m etalloproteinase o f  w hich the active site zinc ion is 
im portant in facilita ting  the interaction w ith an inhibitor (B igg, C lark, and Caw ston, 
1994). Q uantifica tion  o f  an ti-collagenase activity  o f  spray-dried  p. em blica  and 
various solvent extracts w as determ ined by using an EnzChek® gelatinase/collagenase 
assay  kit and the result w as com pared with the com m ercial p. em blica  extract. The 
strong m etal che la to r e.g. 1 ,10-phenanthroline (B igg et al., 1994) w as used as a 
control inhibitor to  optim ize incubation tim e for screening the potential collagenase 
inhibitors. T he fluorescence m icroplate reader, used to  observe the decrease in 
fluorescence due to  the inhibitor com pared w ith T ype IV collagenase enzym e activity 
w ithout inhibitor, w as set for excitation at 485 nm and em ission detection  at 535 nm.

A s show n in T able 16 and Figure 31, it w as found that during the first hour, 
slight fluctuation  in the percentage o f  collagenase inhibition  due to  1,10- 
phenanthro line w as observed. Then, the extent o f  inhibition rem ained relatively stable 
throughout 180 m in at all concentrations except at 0.05 m M  w here slight decrease 
w as observed. T herefore, the optim ized incubation tim e o f  90 m in w as selected. The 
result w as in agreem ent w ith the product inform ation o f  EnzChek® 
gela tinase/co llagenase  assay k it w hich suggested appropriate  incubation tim e for the 
reaction o f  about 1 -2 hours.

T he percentage o f  anti-collagenase activity (%  collagenase inhibition) o f  
spray-dried  p. em blica  and its various solvent extracts com pared  to  com m ercial p. 
em blica  ex tract at 90 m in incubation tim e are show n in F igure 32 and T able 17. It was 
found tha t the increase in concentration o f  all test sam ples led to the increase in anti- 
collagenase activity . T he plot indicated that both ethanol extracts gave sim ilar profiles 
to the tw o acetone extracts, w hose inhibition efficacy  w as h igher than the spray-dried 
p. em blica, the  ethyl acetate and the com m ercial p. em blica  extracts, respectively.
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T able 16. Percent o f  collagenase inhibition by various concentrations o f  1,10- 
phenanthro line at d ifferen t tim e periods (M ean ะ!ะ SD, ท =  3).

T im e C oncentration  (m M )
0.4 0.3 0.2 0.1 0.05

(m in) % inh SD % inh SD % inh SD % inh SD % inh SD
10 99.76 0.65 98.42 2.21 96.03 0.74 77.18 2.11 39.92 2.51
15 99.81 1.53 98.57 3.15 95.36 0.23 80.87 0.82 40.30 1.66
20 99.85 1.45 98.80 1.95 95.04 1.03 80.39 1.22 41.01 1.58
30 99.68 0.66 98.24 1.47 94.90 0.15 79.60 1.03 39.84 1.67
45 99.82 0.70 97.97 0.87 94.92 0.62 79.60 1.21 39.62 1.48
60 99.50 0.50 98.41 0.22 95.05 0.72 78.99 0.95 39.90 1.33
75 99.63 0.83 98.33 0.31 94.91 0.91 79.06 0.46 39.62 1.46
90 99.64 0.73 98.30 0.28 94.92 0.91 78.77 0.57 39.46 1.48
105 99.60 0.88 98.28 0.09 94.72 0.74 78.38 0.52 38.94 1.65
120 99.60 0.68 98.30 0.21 94.53 0.87 78.07 0.61 38.40 0.83
135 99.58 0.73 98.28 0.19 94.46 0.88 77.51 0.69 37.96 0.77
150 99.54 0.73 98.22 0.22 94.37 1.04 77.35 0.72 37.24 0.76
165 99.48 0.61 98.23 0.19 94.43 0.80 77.34 1.01 37.03 0.79
180 99.55 0.69 98.21 0.12 94.24 0.90 78.20 2.70 36.44 0.98
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Figure 31. Percent o f  collagenase inhibition at different tim es o f  various 
concentrations o f  1,10-phenanthroline (M ean ะเะ SD, ท =  3).

C o lla g e n a s e  in h ib itio n  T e s t
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Figure 32. T he extent o f  %  collagenase inhibition o f  spray-dried p . em blica  and its 
various solvent extracts com pared  to  com m ercial extract a t various concentrations 
(M ean ะ!ะ SD, ท =  3).
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T he ethanol (successive) extract exhibited  the percent m axim um  inhibition o f
96.08 ±  0 .82%  at the concentration  o f  500pg/m L . This inhibition w as slightly low er 
than that o f  acetone (successive) extract (96.61 ±  0.33% ) and slightly higher than 
those o f  acetone (direct) extract (95.68 ±  0.62% ) and ethanol (d irect) extract (94.19 ± 
0.86% ) at the sam e concentration. A t this concentration , spray-dried  p. em blica  and 
its ethyl acetate  ex tract show ed the percent collagenase inhibition  o f  87.49 ±  0.51%  
and 74.18 ะ!: 1.70% , respectively.

T he com m ercial p. em blica  extract, on the o ther hand, had the percent 
inhibition o f  only  67.13 ±  0 .74%  at 500 pg/m L and the inhibition activity  could be 
increased to  85.51 ±  0 .74%  w hen the concentration w as ex tended  to  800 Pg/m L. The 
raw  data for collagenase  inhibition percentages are provided in A ppendix  D.



T able 17. C o llagénase  inh ib ition  o f  sp ray-dried  p . em blica, its various so lven t ex trac ts and the  com m ercial ex trac t a t various 
concentrations (M ean  ±  SD, ท =  3).

N o
Cone.

(pg /m L )

Spray-dried  
p . em blica

Ethyl
aceta te

C om m ercial 
p . em blica C one

(pg /m L )

A cetone
(successive)

A cetone
(d irect)

E thanol
(successive)

E thanol
(direct)

%
inh SD %

inh SD %
inh SD %

inh SD %
inh SD %

inh SD %
inh SD

1 0 0.00 0.00 0.00 0 .00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 50 32.52 1.63 15.77 2 .74 22.09 0.60 2 16.01 0.73 9.65 1.47 22.53 0.81 22 .47 1.12
3 100 44.95 1.44 23 .49 0.69 26.70 1.45 10 37.13 0.45 27.82 1.20 41.45 1.04 44.93 0.33
4 150 56.50 0.93 35.32 1.29 33.84 1.75 50 51.40 1.11 50.62 0.58 55.43 0.49 52.57 1.00
5 300 74.17 1.45 52.36 0.35 50.72 0.56 150 72.37 0.75 68.96 1.23 70.86 0.81 67.51 0.42
6 500 87.49 0.51 74.18 1.70 67.13 0.74 500 96.61 0.33 95.68 0.62 96.08 0.82 94.19 0.86
7 800 - - - - 85.51 0.74 - - - - - - - - -
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Figure 33. T he re lationship  betw een percent collagenase inhibition  and the 
concentration  o f  the  collagenase inhibitors (M ean ±  SD, ท = 3).
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Figure 33 depicts the individual plots betw een %  collagenase inhibition and 
concentration  for each test sam ple. The plots clearly  confirm  that the ethanol 
(successive) and the ethanol (direct) extracts gave sim ilar p rofiles to both the acetone 
(successive) and the acetone (direct) extracts, w hose inhibition activ ity  increased 
highly during the concentration  range o f  2-50 pg/m L . On the o ther hand, the spray- 
dried p. em blica, its ethyl acetate extract and the com m ercial p. em blica  extract 
clearly  exhibited  low er an ti-collagenase activity, although the increase w as still in a 
concentration  dependent m anner.

A s presented  in T able 16 and Figure 33, at 90 min incubation tim e, 1,10- 
phenanthro line show ed the increase in %  collagenase inhibition, until the 
concentration  o f  0 .20 m M , to 94.92 ±  0.91% . A fter that, the inhibitory activity  o f
1,10-phenanthroline becam e saturated, reaching a plateau betw een 0.30 and 0.40 mM, 
w here the inhibition  percentage w ere 98.30 ±  0.28 %  and 99.64 ±  0.73 %, 
respectively.

T he concentration  at 50%  collagenase inhibition (IC 50) o f  each sam ple was 
calculated  from  the equation  o f  the partial polynom ial regression and w as presented in 
F igure 34 and T able 18. T he m eans o f  the estim ated IC 50, ranked from  the low est to 
the highest, are as follow s: ethanol (successive) extract (32.77 pg/m L  ±  1.84), ethanol 
(direct) ex tract (37.24 pg/m L  ± 3.32), acetone (successive) ex tract (45.51 pg/m L ± 
3.12), acetone (direct) ex tract (48.56 Pg/m L ±  1.08), spray-dried p. em blica  (121.13 
pg/m L  ±  4.46), ethyl acetate extract (277.27 pg/m L ±  4 .88) and com m ercial p. 
em blica  ex tract (290.74 pg/m L ±  4.92). Since the low er IC 50 values reflect the greater 
inhibitory potency o f  the collagenase inhibitor, therefore, am ong p. em blica  extracts, 
ethanol (successive) ex tract gave the h ighest an ti-collagenase activity , w hereas the 
com m ercial p. em blica  ex tract presented the low est inhibitory potency on the 
collagenase enzym e.

1 ,10-Phenanthroline, the control inhibitor, exhibited  average IC 50 value at 90 
m in o f  0.061 ±  0.001 mM  equivalent to 12.09 pg/m L . T his indicated that 1,10- 
phenanthro line show ed the highest an ti-collagenase activ ity  in term s o f  w/v in 
com parison  w ith p. em blica  extracts. H ow ever, this com pound is used for research 
purposes only  and is not intended for food, drug, household, agricultural or cosm etic
use.
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A m ong the  various solvent extracts o f  p. em blica, the  low est collagenase 
inhibitory activ ity  w as observed for the ethyl acetate ex tract follow ed by the spray- 
dried p. em blica, w hich w as the original substance in the extraction  process. 
Successive ex traction  by both ethanol and acetone gave ex tracts w ith slightly  higher 
inhibition on the  collagenase enzym e com pared w ith the d irect extracts using these 
solvents. T his result m ay be due to  the successive extraction process w hich provided 
greater con ten ts o f  the active com ponents and less co-occurrence o f  other 
con tam inating  substances than those o f  the d irect extraction  process.
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Figure 34. T he re la tionsh ip  betw een  percen t co llagénase  inh ibition  and concen tra tion  o f  the individual inhibitors. T he polynom ial 
regression  equation  fo r determ in ing  the  IC 50 and  the  regression  coeffic ien t (R 2) are a lso  prov ided  for the individual collagenase inhibitors.
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Figure 34 (cont). T he re la tionsh ip  betw een percent co llagenase  inh ib ition  and concen tra tion  o f  the individual inhibitors. T he polynom ial 
regression equation  for de term in ing  the IC 50 and the regression  coeffic ien t (R 2) are also  provided for the individual co llagenase  inhibitors.
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T able 18. T he IC 50 values for an ti-collagenase activity o f  individual inhibitors. T he R 2 

is the regression coefficien t obtained from  polynom ial regression o f  the partial plot 
betw een the inhibition  percentage and the concentration  o f  each inhibitor (M ean ± 
SD, ท =  3).

Sam ple Polynom ial equation (partial'
IC5o(pg/mL) M ean SD R2 M ean SD

Ethanol 30.85 32.77 1.84 1.0000 1.0000 0 . 0 0
(successive) 32.92 1.0000

34.53 1.0000
E thanol 34.07 37.24 3.32 0.9996 0.9998 0 . 0 0
(direct) 36.96 0.9997

40.68 1.0000
A cetone 42.15 45.51 3.12 1.0000 1.0000 0 . 0 0
(successive) 46.05 1.0000

48.32 1.0000
A cetone 47.34 48.56 1.08 1.0000 1.0000 0 . 0 0
(direct) 48.93 1.0000

49.42 1.0000
Spray-dried 116.32 121.13 4.46 1.0000 1.0000 0 . 0 0

p. em blica 121.95 1.0000
125.12 1.0000

Ethyl acetate 274.34 277.27 4.88 1.0000 1.0000 0 . 0 0
274.56 1.0000
282.90 1.0000

C om m ercial 285.45 290.74 4.92 1.0000 1.0000 0 . 0 0
p. em blica 291.58 1.0000

295.18 1.0000
1 , 1 0 - 0.060 0.061* 0.001 1.0000 1.0000 0 . 0 0
phenanthroline 0  061 1.0000
(m M ) 0.062 1.0000

* average IC 50 value o f  1,10-phenanthrolin  = 0.061 m M  (12 .09pg/m L )
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Figure 35. The IC 50 (pg /m L ) o f  each collagenase inhibitor (M ean ±  SD, ท = 3).

In F igure 35, it can be seen that the ethanol (successive) and the ethanol 
(d irect) ex tracts gave the low est IC 50 and thus possessed the strongest collagenase 
inhibitory activity . A cetone (successive) and acetone (direct) ex tract gave slightly 
h igher IC 50 values than both the ethanol extracts. T he spray-dried  p. em blica  provided 
higher IC 50 value than  both the ethanol and the acetone extracts, the m ean IC50 being
3.70 tim es h igher than the ethanol (successive) extract. On the o ther hand, the IC 50 

values o f  the ethyl acetate extract and the com m ercial p. em blica  ex tract w ere 8.46 
and 8.87 tim es, respectively, h igher than the ethanol (successive) extract, indicating 
that they w ere the least potent collagenase inhibitors.

T he IC 50 data  w ere subsequently  analyzed by one-w ay analysis o f  variance 
(A N O V A ) at 95%  confidence level and T u k ey ’s test. S ign ifican t differences were 
found am ong the inhibitors studied (P < 0.05). A ccording to T u k ey ’s test, the 
co llagenase inhibitors could be divided into 6 d ifferent groups (P < 0.05) regarding
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Group 1 : ethanol (successive) extract ~  ethanol (direct) extract 
Group 2: ethanol (direct) extract ~  acetone (successive) extract 
Group 3: acetone (successive) extract ะะ acetone (direct) extract 
Group 4: spray-dried p .  e m b l i c a  

Group 5: ethyl acetate extract 
Group 6 : commercial p .  e m b l i c a

The collagenase inhibitors in the same group were not statistically different in 
terms o f  their collagenase inhibition (P > 0.05). Both ethanol extracts, thus, 
demonstrated the highest potency o f  collagenase inhibition with smallest IC50 values. 
However, their potency was overlapping with the group o f  acetone extracts. The 
ethanol (direct) extract was not significantly different from the acetone (successive) 
extract. A clear distinction among these groups (group 1, 2 and 3) was thus difficult.

On the other hand, the acetone extracts o f  p .  e m b l i c a  were significantly more 
potent in term o f  collagenase inhibition than the spray-dried p .  e m b l i c a ,  which, in 
turn, was more potent than the ethyl acetate extract. The commercial p .  e m b l i c a  

extract exhibited the low est activity giving the highest average IC50 value. The 
statistical results o f  the individual test samples for collagenase inhibition are shown in 
Appendix D. Despite the statistical classification o f  the p .  e m b l i c a  extracts into six 
different groups by the Tukey’s multiple comparison test, visual observation o f  the 
IC50 values in Figure 35 roughly indicated that the extracts could be divided into only 
three main groups, each with a marked difference in collagenase inhibitory potency, 
namely the most active inhibitors consiting o f  the four acetone and ethanol extracts, 
the intermediate group (spray-dried p .  e m b l i c a ), and the least active inhibitors (ethyl 
acetate and commercial extracts).

Since collagénases, especially type IV collagenase or M M P-2, are responsible 
for the degradation o f  several types o f  collagens involved in cell damage and aging 
(Creemers et al., 1998; Thibodeau, 2000), the higher the extent o f  collagenase 
inhibition, the lower the connective tissue degradation. Therefore, all the ethanol and

their ability to inhibit the enzyme, the IC50 ranking from the most potent inhibitor
group to the least potent was as follows:



163
acetone ex tracts o f  p. em blica  apparently  have potential for use in preventing 
prem ature aging. B ecause the active site o f  type IV collagenase is the zinc ion 
(M orgunova et al., 2002), the m echanism  o f  action o f  these extracts, m ay be due to 
their chelating  property.
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Part 4. Evaluation of different P h yllan th u s em blica  extracts for anti
tyrosinase activity

T yrosinase  is a copper-contain ing enzym e involved in producing high 
m olecu lar w eigh t brow n pigm ents (m elanins), w hich is the key physio logical defense 
against sun-induced dam ages (No et al., 1999; N erya e t al., 2003). Tyrosinase 
inhibitors have becom e increasingly im portant in m edication  and in cosm etics to 
prevent hyperp igm entation  by inhibiting tyrosinase enzym e (N erya et al., 2004). The 
inhibitory effect on ty rosinase activity  o f  the spray-dried p . em blica  and its various 
solvent ex tracts in com parison w ith the com m ercial p. em blica  ex tract w as exam ined 
by the D O P A chrom e enzym atic  m ethod using L-D O PA  as the substrate (Sritularak, 
2002; N erya et al., 2004). D opachrom e is one o f  the in term ediate substances in the 
m elanin b iosynthesis in w hich the red color can be detected  by v isib le light. In the 
present study, a m icroplate  reader (VICTOR®) w as used to  m easure the changes in 
absorbance at 492 nm  due to  the form ation o f  D O PA chrom e. L icorice extract was 
used as a reference tyrosinase inhibitor in this study. T he incubation tim e for an ti
ty rosinase activ ity  o f  the test sam ples w as set at 10 m in accord ing  to  the study o f  
W achiranuntasin  (2005). A potent tyrosinase inhibitor w ould cause a decrease in 
D O PA chrom e absorption.

T he percen tages o f  anti-tyrosinase activity (% tyrosinase inhibition) o f  all test 
sam ples at various concentrations are show n in Figure 36 and T able 19. It w as found 
that licorice ex tract exhibited  the highest anti-tyrosinase activity.

Even at low  concentration  o f  0.005 m g/m L  licorice ex tract already exhibited 
the ty rosinase inhibitory activity  o f  80.56 ± 3.58 %  as show n in T able 19. A fter that, 
the inhibitory activ ity  o f  licorice extract becam e saturated, reach ing  a plateau in the 
range o f  0.01-0.05 m g/m L, w here the inhibition percentages w ere 84.97-88.59 %.

A m ong  the p. em blica  extracts, the ethyl acetate ex tract exhibited  the highest 
ty rosinase inhibition, g iv ing the  m axim um  inhibition o f  88.45 ±  2 .60%  at the highest 
concentration  o f  2 .40 m g/m L. On the o ther hand, com m ercial p. em blica  extract 
provided the %  tyrosinase inhibition o f  37.75 ±  1.39%  at 1.20 m g/m L  concentration, 
after w hich  the inhibition extent increased gradually  to  69.14 ±  2.37 %  at 2 m g/m L, 
w here the plateau w as apparen tly  reached as seen in T able 19 and Figure 36. Its anti
ty rosinase activ ity  slightly increased to 71.54 ±  1.10% at 2.40 m g/m L.
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A t 2.40 m g/m L, the  acetone (successive) ex tract provided the anti-tyrosinase 

activity  s im ilar to  the ethanol (direct) extract, w here the inhibition percentages w ere 
77.37 ±  2 .08%  and 75.48 ±  2.07% , respectively. H ow ever, the plot o f  the acetone 
(successive) ex tract exhibited  a slightly h igher potency than that o f  the ethanol 
(direct) ex tract in the  low er concentration  range o f  0 .00-1 .60 m g/m L , but at 2.00 
m g/m L  the ethanol (direct) extract converted to show  a h igher potency than the 
acetone (successive) extract.

T he ty rosinase inhibitory activity  o f  the acetone (direct) extract show ed a 
low er profile than the ethyl acetate extract at all concentra tions except at the 
concentration  o f  2 .40 m g/m L w here the acetone (direct) extract gave 93.38 ±  1.89 % 
inhibition w hich  w as slightly  higher than that o f  the ethyl acetate ex tract (88.45 ±  2.60 
% ).

S pray-dried  p . em blica  show ed a m oderate increase in an ti-tyrosinase activity. 
T he percen t ty rosinase  inhibition o f  spray-dried p . em blica  ju s t  increased to  57.67 ± 
1.00%  at 2 .40 m g/m L. H ow ever, it w as still h igher than that o f  the ethanol 
(successive) ex tract w hich gave 51.40 ± 1.69%  inhibition at the sam e concentration. 
T he ethanol (successive) ex tract also  exhibited the low est potency com pared to  other 
p. em blica  ex tracts since further increasing o f  its concentration  to  2 .80 m g/m L, the 
inhibition w as only  m arginally  increased its inhibitory potency to  60.47 ±  1.13%.

T he relationsh ips betw een the tyrosinase inhibition percentage and the 
concentration  o f  the individual test sam ples are show n in F igure 37. The plots clearly 
indicated that both acetone (direct) and acetone (successive) extracts gave very 
sim ilar p rofiles bu t at d ifferent levels, the d irect ex tract being higher than the 
successive extract. T he anti-tyrosinase activity  increased in a concentration-dependent 
m anner for both  ex tracts and there appeared to  be a sharp rise in activ ity  from  2.0 to 
2 .40 m g/m L  in both profiles w ithout reaching saturation.

L ikew ise, the ty rosinase inhibition profiles o f  the ethanol (d irect) extract and 
the ethanol (successive) ex tract w ere sim ilar, although at d ifferent levels. T he ethanol 
(direct) ex tract m ore efficien tly  inhibited tyrosinase enzym e than  the ethanol 
(successive) extract. T heir profiles show ed a flat line in the beginning and tended to 
increase until reaching saturation at concentration o f  2.00 m g/m L  or higher.
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Figure 36. The ex ten t o f  %  ty rosinase  inh ibition  o f  spray-dried  p . em blica  and its various so lven t ex trac ts com pared  to  com m ercial 
ex tract and licorice extract at various concen tra tions (M ean ± SD , ท =  3).



T able  19. T yrosinase  inh ibition  o f  spray-dried  p . em blica  and its various so lven t ex tracts com pared  to  com m ercial ex tract and licorice 
ex trac t a t various concen tra tions (M ean  ±  SD, ท =  3).

N o
C one

(m g/m L )

Ethyl
aceta te

Spray-dried
P. em blica

A cetone
(successive)

A cetone
(d irect)

E thanol
(successive)

E thanol
(direct)

C om m ercial 
p . em blica C one

(m g/m L )

L icorice
ex tract

%
inh SD %

inh SD %
inh SD %

inh SD %
inh SD %

inh SD %
inh SD %

inh SD
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.00
2 0.60 6.14 2.34 - - - - - - - - - - - - 0.0003 29.65 2.72
3 0.80 26 .46 1.82 9.60 1.93 9.73 0.29 9.80 0.13 1.51 0.37 4.48 0.79 10.69 2.27 0.0006 45.61 0.26
4 1.20 50.51 1.32 13.98 0.80 31.23 1.09 33.71 2.91 9.01 1.73 21.75 2.89 37.75 1.39 0.0013 55.83 1.40
5 1.60 74.91 1.61 40.77 1.50 45.21 1.21 54.24 2.59 23.35 2.18 42.36 3.16 40.73 2.17 0.0025 65.20 3.35
6 2.00 86.90 1.48 54.12 4 .62 53.59 0.90 65.49 4.70 39.50 1.54 71.05 2.74 69.14 2.37 0.0050 80.56 3.58
7 2.40 88.45 2.60 57.67 1.00 77.37 2.08 93.38 1.89 51.40 1.69 75.48 2.07 71.54 1.10 0.0100 84.97 1.73
8 2.60 - - - - - - - - 59.93 1.13 - - - - 0.0250 88.59 2.48
9 2.80 - - - - - - - - 60.47 1.13 - - - - 0.0500 87.98 0.76
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Figure 37. The relationship  betw een percent tyrosinase inhibition and concentration  o f  
the individual ty rosinase inhibitors (M ean ±  SD, ท = 3).
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Ethyl acetate extract also exhibited minimal inhibitory potency at the 

beginning o f  the concentration range tested. But at 0.80 mg/mL, its inhibition extent 
rose markedly and was higher than those o f  the acetone and the ethanol extracts. 
Spray-dried p .  e m b l i c a ,  on the other hand, was much less effective, showing a small 
rise o f  activity in the concentration range o f  0 .00-1.20 mg/mL, after which a slight 
increase in the activity was observed until 2.40 mg/mL, although it was always lower 
than the ethyl acetate extract.

Commercial p .  e m b l i c a  extract showed a uniquely different profile, displaying 
the step increment o f  the curve. In the range o f  1.20-1.60 mg/mL, the increase o f  its 
inhibitory activity was not much. However, the commercial p .  e m b l i c a  extract still 
provided greater anti-tyrosinase activity than the spray-dried p .  e m b l i c a  and the 
ethanol (successive) extract. The raw data for tyrosinase inhibition percentages are 
provided in Appendix E.

The concentration at 50% tyrosinase inhibition (IC50) o f  each sample was 
calculated from the equation o f  the partial polynomial plot and was depicted in Figure 
38 and Table 20. The means o f  the estimated IC50 can be ranked from the lowest to 
highest value as follows: licorice extract (0.88 pg/mL ±  0.00), ethyl acetate extract 
(1.19 mg/mL ±  0.02), acetone (direct) extract (1.51 mg/mL ±  0.05), ethanol (direct) 
extract (1.73 mg/mL ±  0.05), commercial p .  e m b l i c a  extract (1.78 mg/mL ±  0.04), 
acetone (successive) extract (1.79 mg/mL ±  0.05), spray-dried p .  e m b l i c a  (1.85 
mg/mL ± 0.08) and ethanol (successive) extract (2.35 mg/mL ±  0.07). Since the lower 
IC50 values indicate greater inhibitory potency o f  a tyrosinase inhibitor. Therefore, the 
licorice extract exhibited the highest anti-tyrosinase activity. Am ong different p .  

e m b l i c a  extracts, the ethyl acetate extract appeared to give the highest tyrosinase 
inhibitory activity, whereas the ethanol (successive) extract showed the lowest 
potency.

It is interesting to note that polarity o f  the solvent played an important role in 
the anti-tyrosinase activity o f  the extract. The less polar solvent used, the higher the 
anti-tyrosinase activity. Thus, ethyl acetate extract, the least polar solvent used in this 
study, provided an effect with the highest potency. Likewise, the less polar acetone 
extract was more potent than the ethanol extract, given the same extraction procedure. 
Similarly, the direct extraction process provided greater contents o f  the less polar



170
com ponents than  the successive extraction  process, by w hich m uch o f  the active, less 
polar com ponents had been rem oved from  the extract.

A s a result, the acetone (direct) extract exhibited h igher inhibitory potency on 
the ty rosinase enzym e than the acetone (successive) extract. A lso, the ethanol (direct) 
ex tract prov ided  greater an ti-tyrosinase activity  than that o f  the ethanol (successive) 
extract.
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F igure 38. T he relationsh ip  betw een percen t ty rosinase  inh ibition  and concen tra tion  o f  the  individual inhibitors. T he polynom ial regression  
equation  for determ in ing  the IC 50 and th e  regression  coeffic ien t (R 2) are also  p rov ided  for the individual ty rosinase inhibitors.
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Figure 38 (cont). T he re la tionsh ip  betw een  percen t ty rosinase  inh ibition  and concen tra tion  o f  the  individual inhibitors. T he polynom ial 
regression equation  for determ in ing  the IC 50 and  the  regression  coeffic ien t (R 2) are a lso  prov ided  for the individual ty rosinase inhibitors. >1t o
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Table 20. The IC50 values for anti-tyrosinase activity of the individual inhibitors. The 
R2 is the regression coefficient obtained from polynomial regression of the partial plot 
between the inhibition percentage and the concentration of each inhibitor (Mean ±
SD, ท = 3).

Sample Polynomial equation (partial)
IC50

(mg/mL)
Mean SD R2 Mean SD

Licorice 0.83 0.88 0.00 1.0000 1.0000 0.00
extract

0 88 1.0000(pg/mL) 0.91 1.0000
Ethyl 1.2 0 1.19 0.02 1.0000 1.0000 0.00
acetate 1 .2 1 1.0000

1.17 1.0000
Acetone 1.45 1.51 0.05 1.0000 1.0000 0.00
(direct) 1.52 1.0000

1.55 1.0000
Ethanol 1.73 1.73 0.05 0.9996 0.9998 0.00
(direct) 1.68 0.9997

1.77 1.0000
Commercial 1.74 1.78 0.04 1.0000 1.0000 0.00

p. em blica 1.79 1.0000
1.81 1.0000

Acetone 1.74 1.79 0.05 1.0000 1.0000 0.00
(successive) 1.79 0.9999

1.84 1.0000
Spray-dried 1.91 1.85 0.08 1.0000 1.0000 0.00

p . em blica 1.77 1.0000
1.88 1.0000

Ethanol 2.28 2.35 0.07 1.0000 1.0000 0.00

(successive) 2.39 1.0000
2.40 1.0000
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Figure 39. The IC 50 (m g/m L) o f  each tyrosinase inhibitor (M ean ±  SD, ท = 3).

F igure 39 is a histogram  com paring the m ean IC50 values am ong different p. 
em blica  extracts. T he IC50 o f  licorice extract is not included here because its value is 
too sm all. A ll the p. em blica  ex tracts exhibited the IC50 values above 1.000 m g/m L. 
H ow ever, the ethyl acetate extract gave the low est IC50, thus possessing the strongest 
ty rosinase inhibitory activity. On the o ther hand, the ethanol (successive) extract 
show ed the  h ighest IC50 thereby suggesting that it w as a w eak ty rosinase inhibitor.

The IC 50 data w ere subsequently  analyzed by one-w ay analysis o f  variance 
(A N O V A ) at 95%  confidence follow ed by T u k ey ’s test. S ignificant differences were 
found am ong the inhibitors studied (P < 0.05). A ccording to T u k ey ’s test, the 
ty rosinase inhibitors could be divided into 5 d ifferent groups (P <  0.05) w ith respect 
to  their ability  to inhibit the tyrosinase enzym e. T he IC 50 grouping, in an increasing 
order, is as follow s:
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Group 1 : licorice extract 
Group 2: ethyl acetate extract 
Group 3: acetone (direct) extract
Group 4: ethanol (direct) extract ~ commercial p. em blica  ~ acetone 

(successive) extract » spray-dried p. em blica  
Group 5: ethanol (successive) extract
The tyrosinase inhibitors in the same group are not statistically different in 

term of their tyrosinase inhibition (P > 0.05). Licorice extract used as a reference 
tyrosinase inhibitor was the most potent inhibitor with the smallest IC50 values. It 
potency was significantly greater than the ethyl acetate extract, which, in turn, was 
more potent than the acetone (direct) extract (P < 0.05). Spray-dried p . em blica, 
acetone (successive) extract, commercial p. em blica  extract and ethanol (direct) 
extract were not significantly difference from each other in terms of their inhibitory 
potency (P > 0.05). However, this group was significantly more effective than the 
ethanol (successive) extract. The statistical analysis thus further confirmed our 
previous postulation that the anti-tyrosinase activity of p. em blica  depends on the 
availability of the less polar components in the extract. The statistical results of the 
individual test samples for tyrosinase inhibition are shown in Appendix E.

Although the anti-tyrosinase activity of p . em blica  extract was not high 
compared with the licorice extract, it has been suggested that it could provide the skin 
lightening activity in the clinical study by Chaudhuri (2004), in which 2% p. em blica  
extract was reported to be as effective as 2% hydroquinone after 6 and 9 weeks of 
application. Therefore, p . em blica  may have additional pathway to augment its 
whitening activity. The possible mechanism could be due to its ability to scavenge 
reactive nitrogen species like nitric oxide (NO). Nitric oxide is involved in the 
increase of cGMP and the activation of cGMP-dependent protein kinase, leading to 
the stimulation of melanogenesis. The nitric oxide (NO ) scavenging activity of 
triphala which is a mixture of Term inalia chebula, Term inalia bellerica  and 
Phyllanthus em blica  (1:1:1) was demonstrated in the study of Jagetia et al. (2004), 
thereby suggesting its potential for skin whitening activity through this mechanism.
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Part 5. Preliminary stability evaluation of P h ylla n th u s em blica  
extracts

The l,l-diphenyl-2-picrylhydrazine (DPPH) method was used to determine 
the solid-state stability in terms of antioxidant activity of spray-dried p. em blica  and 
its various solvent extracts in comparison with commercial p. em blica  extract. The 
decrease in absorbance at 517nm of the DPPH radical (deep purple) after the addition 
of an antioxidant compound in an ethanolic solution was measured at 10 Pg/mL and 
20 Pg/mL of each test sample for the preliminary stability evaluation. The ethyl 
acetate extract was further investigated at the concentration of 50 pg/mL 
(concentration in the saturation region) to see if the experimental condition had any 
effect on the stability profiles.

The remaining antioxidant activity was investigated at various times (0, 6, 9 
months). Table 21 depicts the average % inhibition (Mean ± SD of triplicate 
determinations) of all p. em blica  extracts kept at ambient temperature. It was found 
that after 9-month storage, the DPPH scavenging activity of spray-dried p. em blica  
slightly decreased from 68.93% to 62.86 % at concentration of 10 pg/mL and 92.45 % 
to 89.16 % at 20 Pg/mL. Likewise, commercial p. em blica  extract presented a 
decrease in the DPPH inhibitory activity from 65.54 % to 59.75 at 10 pg/mL and 
92.71 % to 90.77 % at 20 pg/mL after 9-month storage. On the other hand, five 
solvent extracts of p . em blica  including ethyl acetate, acetone (successive), acetone 
(direct), ethanol (successive) and ethanol (direct) extracts provided the DPPH 
scavenging activity after 9-month storage comparable to initial value at all 
concentration. The profiles of the absolute % DPPH inhibition at different storage 
times are presented in Figures 40 and 41 for individual test samples at 10 and 20 
pg/mL, respectively.

The percent DPPH inhibitory activity of each antioxidant during the 9-month 
storage period are shown in Figure 42. The plots clearly indicated that all solvent 
extracts of p. em blica  were acceptably stable at both 10 and 20 pg/mL over the 
storage time studied. On the other hand, the spray-dried and the commercial p. 
em blica  extract exhibited a slight decrease in % DPPH inhibition, especially at 10 
pg/mL after 9 months because concentration at 20 pg/mL was near saturation point 
where DPPH was almost used up and caused about 90% absolute inhibition.
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Addition of different antioxidants at different concentrations was shown to 
give varying degree of %DPPH inhibition. Since the initial values of each sample 
were not the same, the values of the absolute percent inhibition were subsequently 
normalized to percent inhibition relative to the initial value (Table 22). From this 
Table, spray-dried p. emblica and commercial p. emblica extract exhibited a slight 
decrease and comparable values in the remaining % relative DPPH scavenging 
activity at both 10 and 20 pg/mL concentrations. The spray-dried p. emblica 
exhibited the remaining % relative DPPH inhibition of 91.19 % and 96.44 % at 10 
pg/mL and 20 pg/mL, respectively. Likewise, commercial p. emblica extract 
presented the remaining % relative DPPH inhibition as 91.17 % and 97.91 % at 10 
and 20 pg/mL, respectively, after 9-month storage. On the other hand, the five 
solvent extracts of p. emblica did not show any decrease in the extent of DPPH 
inhibition, all of which gave the remaining % relative inhibition values in the range of 
99.00-107.87 %. The profiles of the relative % DPPH inhibition at different storage 
times are presented in Figures 43 and 44 for individual test samples at 10 and at 20 
pg/mL, respectively.

Slight difference in the stability between the five solvent extracts and the 
spray-dried extract might be due to the nature of the solvent and components of each 
extract.

The spray-dried extract was an aqueous extract and, thus, was likely to have 
high contents of moisture and water-soluble components that could be susceptible to 
hydrolysis or other water-induced degradation.

The solvent extracts, on the other hand, may contain less moisture and fewer 
components that were susceptible to aqueous degradation, resulting in greater 
stability. However, this should be further confirmed by comparing the moisture 
contents among different extracts. It is interesting to note that the commercial p. 
emblica extract also demonstrated a profile very similar to the spray-dried extract, 
suggesting that it might also be a water-based extract.



Table 21. Stability of spray-dried p .  e m b l i c a ,  various solvent extracts of p .  e m b l i c a  and commercial p .  e m b l i c a  extract as determined from 
% DPPH inhibitory activity (Mean ± SD, ท = 3).

Cone.^Oig/mL)
Spray-dried 
p .  e m b l i c a

Ethyl acetate Acetone
(successive)

Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
p .  e m b l i c a

10 20 10 20 50 10 20 10 20 10 20 10 20 10 20
Time %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh

(month) ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD
0 68.93 92.45 57.51 77.54 95.06 74.95 92.69 82.84 95.26 88.65 95.72 81.51 95.54 65.54 92.71

±0.47 ±0.59 ±0.64 ±0.45 ±0.21 ±1.88 ±0.77 ±0.65 ±0.14 ±0.74 ±0.00 ±0.46 ±0.13 ±0.69 ±0.14
6 63.46 88.54 57.48 80.98 94.77 79.73 94.19 81.07 94.82 90.28 95.27 89.53 95.27 65.45 89.87

±0.76 ±0.75 ±0.38 ±1.04 ±0.25 ±1.18 ±0.29 ±1.35 ±0.56 ±0.50 ±0.00 ±0.25 ±0.00 ±0.38 ±0.29
9 62.86 89.16 58.25 81.08 94.12 80.85 94.35 82.12 94.23 89.97 94.12 84.54 94.58 59.75 90.77

±0.20 ±0.20 ±0.40 ±0.80 ±0.00 ±0.20 ±0.20 ±0.20 ±0.20 ±0.35 ±0.00 ±0.80 ±0.20 ±0.87 ±0.20

Table 22. Stability of spray-dried p .  e m b l i c a ,  various solvent extracts of p .  e m b l i c a  and commercial p .  e m b l i c a  extract as determined from 
% DPPH inhibitory activity relative to their initial value (Mean ± SD, ท = 3).

Cone. 
(pg/mL) .

Spray-dried 
p .  e m b l i c a

Ethyl acetate Acetone
(successive)

Acetone
(direct)

Ethanol
(successive)

Ethanol
(direct)

Commercial 
p  e m b l i c a

10 20 10 20 50 10 20 10 20 10 20 10 20 10 20
Time %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh %inh

(month) ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD ±SD
0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

±0.47 ±0.59 ±0.64 ±0.45 ±0.21 ±1.88 ±0.77 ±0.65 ±0.14 ±0.74 ±0.00 ±0.46 ±0.13 ±0.69 ±0.146 92.06 95.77 99.95 104.44 99.96 106.38 101.62 97.86 99.54 101.84 99.53 109.84 99.72 99.86 96.94
±0.76 ±0.75 ±0.38 ±1.04 ±0.25 ±1.18 ±0.29 ±1.35 ±0.56 ±0.50 ±0.00 ±0.25 ±0.00 ±0.38 ±0.29

9 91.19 96.44 101.29 104.57 99.01 107.87 101.79 99.13 98.92 101.49 98.33 103.72 99.00 91.17 97.91
±0.20 ±020 ±0.40 ±0.80 ±0.00 ±0.20 ±0.20 ±0.20 ±0.20 ±0.35 ±0.00 ±0.80 ±0.20 ±0.87 ±0.20

oo
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Concentration of p. emblica extract = 10 ng/mL
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Figure 40. Percent DPPH inhibitory activity (prepared at 10 (ig/mL) after storage up 
to 9 months (Mean ± SD, ท = 3).

Concentration of p. emblica extract = 20 ng/mL
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Figure 41. Percent DPPH inhibitory activity (prepared at 20 pg/mL) after storage up 
to 9 months (Mean ± SD, ท = 3).
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Figure 42. Percent D PPH  inhibitory activ ity  o f  each an tiox idan t a fter storage up to  9 m onths (M ean ±  SD, ท =  3).
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Concentration of p. emblica extract =10 jig/mL

* - Acetone (successive)
— • — Ethanol (direct)
— *—-  Ethanol (successive)
— H—-Ethyl acetate
-  - A -  Acetone (direct)
----ธ---  Commercial p. emblica
----©---  Spray-dried p. emblica

Figure 43. Percent D PPH  inhibitory activity  relative to  initial value (prepared at 10 
pg /m L ) after storage up to  9 m onths (M ean ±  SD, ท =  3).

Concentration of p. emblica extract = 20 ng/mL
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Figure 44. Percent D PPH  inhibitory activity  relative to  initial value (prepared at 20 
pg /m L ) after storage up  to  9 m onths (M ean ±  SD, ท = 3).
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The results show ing good stability o f  the extracts obtained in this study were 
consistent with that o f  Chaudhuri (2002), who reported the antioxidant stability o f  p .  

e m b l i c a  aqueous-fruit extract against 0.1 mM DPPH during 12-month storage at 45°c 
(using 31 pg/m L o f  the extract). Therefore, it can be concluded that the solvent 
extracts o f  p .  e m b l i c a  appeared to have slightly better stability than the spray-dried 
powder, as seen from their % relative DPPH inhibition values in the range o f  99.00- 
107.87 % after 9-month storage, whereas the spray-dried p .  e m b l i c a  gave % 
inhibition o f  91.19%  and 96.44%  at 10 and 20 pg/mL, respectively, at the same 
storage time.
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